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“But with regard to the material world, we can at least go so far as
this—we can perceive that events are brought about not by insulated
interpositions of Divine power, exerted in each particalar case, but by the
establishment of general Laws.”

WikweLL: Bridgecater Treatise.

The anly distinet meaning of the word ‘natural is pleslio s
settled; since what is natural 4 much requires and presupposes an intel-
ligent agent to render 10, G S afct i coninually or st m:oa times,
as what is supernatural or miraculous does to efect it for once.”

Analogy of Revealed Religion.

Burwes

“To_conclude, therefore, let no man out of a weak conceit of sobristy,
or an ill-applied moderation, think or maintais, that a man can search too
far_or bo too well studied in the book of God’s word, or in the book of
Gt ks diily o gty ; bk e 1 men s an
endless progess or proficience in both.

Bacox: Adeancement of Learning.

Doun, Bechenham, Kent,
Edition, November 24th, 1859,
Siath Edition, Jan, 1872,
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ADDITIONS AND CORRECTIONS
TO THE SIXTH EDITION.

Noasrovs small corrections have been made in the last
and present editions on various subjects, according as the
evidence has become somexwhat stronger or weaker. The
more important corrections and some additions in tho pre-
sont volume are tabulated on the following page, for the
convenience of those interested in the subject, and who
possess the fifth edition. The second edition was little
more than a reprint of the first. The third edition was
largely corrected and added to, and the fourth and fifth
still more largely. As copies of the present work will
be sent abroad, it may be of use if T specify the state of
the foreign editions. The third French and sccond Ger-
man editions were from the third English, with some few
of the additions given in the fourth edition. A new fourth
French edition has been translated by Colonel Moulinié ;
of which the first half is from the fifth English, and the
latter half from the present edition. A third German
edition, under the superintendence of Profossor Victor
Carus, was from the fourth English edition ; a fifth is now
preparing by the same author from the present volume.
The second American edition was from the English second,
with a few of the additions given in tho third; and a
third American edition has been printed from the fifth
English edition. The Italian is from the third, tho Dutch
and threo Russian editions from the second English edition,
and the Swedish from the fifth English edition.
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AN HISTORICAL SKETCH

OF THE PROGRESS OF OPINION ON THE ORIGIN OF SPECIES,

PREVIOUSLY 10 THE PULLICATION OF THE ¥IST EDITION
' THIS WORK,

T wits, here a give a brief sketch of the progress of opinion on the
Origin of Species.  Until recently the great majority of naturalists
believed that species were immutable productions, and had been
separately created. This view has been ably maintained by many
authors. Some few naturalists, on the other hand, have believed
that species undergo modification, and that the existing forms of
Iife are the descendants by true generation of pre-existing forms.
Passing over allusions to the subject in the classical writers,* the first
author who in modern times has treated it in a scientific spirit was
Buffon. But as his opinions fluctuated greatly at different periods,
and as he does not enter on the causes or means of the transforma-
tion of species, I need not here enter on details.

Lamarck was the first man whose conclusions on the subject
excited much attention. This justly-celebrated naturalist first pub-
Tished his views in 1801; he much enlarged them in 1809 in his
< Philosophie Zoologique,’ and subsequently, in 1815, in the Tntro-
duction to his * Hist. Nat. des Animaux sans Vertébres, In these

» Arsotle in his ¢ Phyion Auscultations” (1. 2, cap & & ), aftr
remarking o ot ll i axdr to make the corn grov, any
re than n il 1o spil the furm when threshed out of e
me argument o organisation; and. adds (s trandla
.usm, el e 4
nt. pats [of the body] from having this merely accidental relation
i atares 1 the faeh, for cxunple grow by necssity, the front anes
ap, adsptad o dividing, and the grinders 3y and e
Tcaiing the food s dhey wers ot made for the sake of this, but it
was the result of nccident. And in like manner as to the other parts in
which thero appears to exst i adaptation o end:  Wherssosvor, there-
fore, all things together (that is all the parts of one wholc) happened like
20 If they were made fr tho ske of something, thets wero proserved,
having been appropriately constituted by an internal spontancity
hataserer things wero ot thus consttntel, peus]\ul and still pris
We here see the principle of natural selection shadowed forth, but how
e Aritote fully comprebended the principle s showa by bis remacks
the formation of the
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Xiv Historical Sketch.

i
works he upholds the doctrine that all species, including man, are
descended from other speci e first did the eminent service of
‘arousing attention to the probability of all change in the organic, as
well as in the inorgumc world, hcmg the result of law, and not of
‘miraculous interposition. Lamarck seems to have becn chiefly led
o his conclusion on the e by tho diffculty
varieties, by

S tn seroin groupsyand by tho snslogy of dommlo e B
tions. With respect to the means of modification, he attributed
something to the direct action of the physical conditions of life,
something to the crossing of already existing forms, and much touso
and disuse, that is, to the effects of habit. To this latter agency ho
scems to attribute all the beatiful adaptations in natur us
i ottt bt el
But he likewise believed in a law of progressive development; and
8 all tho 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
son, suspected, as early as 1795, that what we call species are
various degenerations of the same type. It was not until 1828
that he published his conviction that the same forms have not heen
perpetuated 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 modifica-
tion; and, as his son adds, “ Cest donc un probleme A réserver
entiéroment & Vavenir, supjosé méme que lavenir doive avoir prise
su

* 1 have taken the dato of the first publication of Lamarck from Isid.
By Saing s (ol Nt Geale? o el TSR
lent of o bjeot.Tn this work a ful account i giv
of Bulfo's conc]m o St e oot T 1 oo e ApAAL
B e K D antipaal e e o SR
Srounds of opiaion of Lamarck T his ¢ Zoonomin” (val. 1. pp- 500-510)
Bublished 1n 1704, *Acconding tn_ 14 Geolloy ther Is o doubt.that
Goethe was an extreme partisan of slmilar views, as shown in the Intro-
duction to 0 work writen in 1754 and 1795, but ot published 4l long
aerwaris; bo hus printelly remarked (- Goethe als Naturforsher,

or instance, cattle got their horas, and not for what they aro wed, 1
riher  singular fnstance of the manner i which e viewsar st

ot the same time, that Goethe in Germany, Dr. Durwin in et
20 Geoffoy Saint Tair (us we. shall immediatly see) o France, came.
%o the same conclusion on the origin S spain G Tl
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Historical Sketch. xv

Tn 1813, Dr. W. C. Wells read before the Royal Society ‘An
Account of a White Female, part. of whose skin resembles that of
o Negro”; but his paper was not published unti his famous * Two
Essays upon Dew and Single Vision” appeared in 1818, In this

per he distinctly recognises the principle of natural selection, and
this i the first recognition which has been indicated ; but he applics
it only to the races of man, and to certain characters alone. After
remarking that negroes and mulattoes enjoy an_immunity from
certain tropical discases, he observes, firstly, that all animals tend to
vary in some degree, and, secondly, that agriculturists improve their
domesticated animals by selection 3 and then, ho adds, but what is
done in this latter caso “ by art, seems to be done with equal efficacy,
though more slowly, by nature, in the formation of varieties of
mankind, fitted for the country which they inhabit. Of the acci-
dental varietics of man, which would occur among the first few and
scattered inhabitants of the middle regiofs of Africa, some one
would be beter fitted than the others to bear the discases of the
country. This race would consequently multiply, while the others
would decrease ; not only from their inability to sustain the attacks
of disease, but from their incapacity of contending with their more
vigorous neighbours. The colour of this vigorous race I take for
e would be dark. But the
same disposition to form varietics still existing, a darker and a
darker race would in the course nf time occur : and as the darkest
would be the best fitted for the climate, this would at length
a0 oty A ik il o 1 o puciula
ey (8 ol el Hhhy st i
views to the white mhabltanls ol colder climates. Iam indebted
to Mr. Rowley, of the United States, for having called my atten-
tion, through Mr. Brace, to the above passage in Dr. Well's work,

The Hon. and Rev. W. Herbert, afterwards Dean of Manchester,
in the fourth volume of the * Horticultural Transactions,” 1822, and
in his work on the * Amaryllidaces * (1837, p. 19, 339), declares that
“horticultural experiments have established, beyond the possibility
of refutation, that botanical species are only a bigher and more per-
‘manent class of varieties.” Ho extends the same view to animals.
The Dean believes that single species of each genus were created
in an originally highly plastic condition, and that theso have
produced, chiefly by intercrossing, but likewise by variation, all
our existing species.

1826 Professor Grant, in the concluding paragraph in his
well known paper (‘Edinburh Philosophical Journal,’ vol. xiv.
P. 283) on the Spongilla, olearly declares his elief that species aro
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xvi Historical Sketch.

descended from other species, and that they become improved in
the course of modification. This same view was given in bis 55th
Lecture, published in the ¢ Lancet’ in 1834.

1 Mr. Patrick Matthew published his work on *Naval
Timber and Arboriculture, in which he gives precisely the same
view on the origin of species as that (presently to be alluded to)
propounded by Mr. Wallace and myself in the * Linnean Journal,
and as that enlarged in the present volume. Unfortunately the
view was given by Mr. Matthew very briefly in scattered passages
in an Appendix to a work on a different subject, so that it remained
unnoticed until Mr. Matthew himself drew aitention to it in the
« Gardeners’ Chronicle, on April 7th, 1860. The differences of Mr,
Matthew's view from mine are not of much importance: he seems
to consider that the world vas nearly depopulated. at successive
periods, and then re-stocked ; and he as an alternative, that
new forms may be generat wmmm the presence of any mould
o o e o T am not sure that I understand

assages ; but it scems that he attributes much infiuence fo
s T apkyusToF the ooiions]t 1fa SATIN leers st
ever, the full force of the principle of natural selection.

The celebrated geologist and naturalist, Von Buch, in his ex-
cellent “Description Physique des Isles Canaries® (1836, p. 147),
clearly expresses his belief that varioties slowly become changed
into permanent species, which are no longer capable of inter-
crossing.

Rainesque, in his *New Flora of North Awmerica, published fn
1836, wrote (p. 6) as follows:—< All species might have been
varicties once, and many varieties are gradually becoming species
by assuming constant and peculiar characters;” but farther on
(b-18) he adds, “except, the original types or ancestors of the
genus.”

In 1843-44 Professor Haldeman (‘Boston Journal of Nat, Hist.
U. States,’ vol. iv. p. 468) has ably given the arguments for and
against the hypothesis of the development and modification of
species: he seems to lean towards the side of change.

The * Vestiges of Creation” appeared in 1844, In the tenth
and much improved edition (1853) the anonymous author says
(p- 158):—The proposition determined on after much considera=
tion i, that the several series of animated beings, from the simplest
and oldest up to the highest and most recent, are, under the provi-
dence of God, the results, first, of an impulse which has been
imparted to the forms of life, advancing them, in definite times, by
generation, through grades of organisation terminating in
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Historical Sketcl. xvii

highest dicotyledons and vertobrata, theso grades being fow in
number, and generally marked by intervals of organic character,
which we find to be a practical difficulty in ascertaining affnities ;
second, of another impulse connected with the vital forces, tending,
in the course of generations, to modify organic structures in accor-
dance with external circumstances, as food, the nature of the
habitat, and the meteorio agencies, these being the ¢ adaptations’
of the natural theologian.” The author apparently believes that
organisation progresses by sudden leaps, but that tho effects
produced by the conditions of life are gradual. He argues with
much force on general grounds that species are pot immutable
productions. But T cannot see how the two supposed “impulses ™
account in a scientific sense for the numerous and beautiful co-
adapiations which we seo throughout nature; I cannot see that we
thus gain any insight how, for instance, a woodpecker has becoms
adapted to its peculiar habits of life. The work, from its powerful
and brilliant style, though displaying in the earlior editions little
accurate knowledge and a great want of scientific caution, imme-
diately bad a very wide circulation. In my opinion it bas dono
excellent service in this country in calling attenti the sub-
ject, in removing prejudice, and in thus preparing the ground
Tor the reception of analogous views.

Tn 1846 the veteran geologist M. J. d'Omalius d'Halloy pub-
lished in an excellent though short paper (* Bulletins de I'Acad. Roy.
Bruxelles, tom. xiii. p. 581), his opinion that it is more probable
that new species have been produced by descent with modification
than that they have been separately created : the author first
promulgated this opinion in 1831.

Professor Owen, in 1849 (* Nature of Limbs, p. 86), wrote as
follows :— The archetypal idea was manifested in the flesh under
diverse such modifications, upon this planet, long prior to the
existence of those animal species that actually exemplify it. To
what natural laws or secondary causes the orderly succession and
Progression of such organic phénomena may have been committed,
we,as yet, are ignorant.” In his Address to the British Association,
in 1858, he speaks (p. Ii.) of “the axiom of the continuous
operation of creative power, or of the ordained becoming of living
things” Farther on (p. xc.), after referring to geographical distri-
Dution, he adds, “These phenomena. shake our confidence in the
conclusion that the Apteryx of New Zealand and the Red Grouse
of England were distinct creations in and for those islands Tespec-
tively. Always, also, it may be well to bear in mind that by the
word *creation” the zoologist means ‘a process he knows not

3

Darwin Cnline: By permission of the Trustess of the Natural Histary Museum
(Londaon).



xviii Historical Sketch.

what'” He amplifies this idea by adding, that when such cases
as that of the Red Grouse are enumerated by the zoologist as
evidence of distinet creation of the bird in and for such islands, he
chiefly expresses that he knows not how the Red Grouse came to
be there, and there exclusively ; signifying also, by this mode of
expressing such ignorance, his belief that both the bird and the
islands owed their origin to a great first Creative Canse.” If we
interpret these sentences given in the same Address, one by the
other, it appears that this eminent philosopher felt in 1858 his con-
fidence shaken that the Apteryx and the Red Grouse first appeared
in their respective homes, “be knew not hiow,” or by some process
“he knew not what.”

This Address was delivered after the papers, by Mr. Wallace and
imyself on the Origin of Species, presently to be referred to, had been
vead before the Linnean Society. When the first edition of this
work was published, T was so completely deceived, as were many
others, by such expressions as * the continuous peration of creative
power,” that I included Professor Owen with other palwontologists
s being firmly convinced of the immutability of specios; but it
appears (‘Anat. of Vertebrates,’ vol. fii. p. 796) that this was on
my part a preposterous error. Tn the last edition of this work [
inferred, and the inference still seems to me perfoctly just, from o
passage beginming with the words “ no doubt the type-form,” &e.
(Ibid. vol. 1. p. xxxv.), that Professor Owen admitted that natural
selection may have done something in the formation of new
species; but this it appears (Ibid. vol. iii. p. 798) is inaccurate and
without evidence. 1 also gave some extracts from a correspindence
between Professor Owen and the Editor of the ¢ London Review,
from which it appeared mauifest to the Editor as well as to myself,
that Professor Owen claimed to have promulgated the theory of
natural selection before I had done so; and I expressed my surprise
and satisfaction at this announcement; but as far as it s possible
to understand certain recently published passages (Ibid. vol. iii
P-798), L bhave either partially or wholly sgain fallen into emor.
1t is consolatory to me that others find Professor Owen's controver-
sial writings as difficult to understand and to reconcile with each
other, as T do, ~As far as the mero enunciation of the principle of
natural selection is coucerned, it s quite immaterial whether o
not Professor Owen preceded me, for both of us, as shown in this
historical sketeh, were long ago preceded by Dr. Wells and Mr.
Matthews. A

M. Isidore Geoffroy Saint Hilaire, in his Lectures delivered in
1850 (of which a Résumé appeared in the * Revue et Mag. de
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Zoolog,” Jan. 1851), briefly gives his reason for believing that
specific characters “ sont fixés, pour chaque espice, tant qu'elle se
perpétue au milien des mémes circonstances : ils se modifient, si
los_circonstances ambiantes viennent & changer.” “En résumé,
Tobservation des animaux sauvages démontre déjh la variabilité
Timitée des esphocs. friences sur les animaux sauvages
devenus domestiques, et sur S i domestiques redevenus
sanvages, la démontrent plus clairement encore. Ces mémes expé-
iences prouvent, de plus, que ls difiéences produites pouvent éiro

waleur générique” Tn his Hist. Nat. Générale " (tom. ii. p.
430, 1859) he amplifies analogous conclusions.

From a circular lately issued it appears that Dr. Freke, in 1851
(‘ Dublin Medical Press,’ p. 322), propounded the doctrine that all
organic beings have descended from one primor . His
‘grounds of belief and treatment of the subject are wholly different
from mine ; but as Dr. Freke has now (1861) published his Essay
on “the Origin of Species by means of Organic Affinity, the diffi-
cult attempt to give any idea of his views would be superfiuous

on my part.

Mr. Herbert Spencer, in an Essay (originally published in the
*Leader,’ March 1852, and republished in his ‘ Essays’ in 1858),
has contrasted the theories of the Creation and the Development
of organic beings with remarkable skill and force. He argues
from the analogy of domestic productions, from the changes which
the embryos of many species undergo, from. the difficulty of dis-
tinguishing species and variotics, and from the principle of general
gradation, that species have been modified; and he attributes the
modification to the change of circumstances. The author (1855)
has also treated Psychology on the principle of the necessary
acquirement, of each mental power aud capacity by gmdnhom

In 1852 M. Naudin, a distinguished botanist, expressly
inan ndm)nble ‘paper on the Origin of Species (* Revue }lomcole,
P.102; since partly republished in the *Nouvelles Archives du
Muséum,' tom. i. p. 171), his belief that species are formed in
an analogous manner as varieties are under cultivation; and the
lntter process he attributes to man's power of selection. But he
does not show how selection acts under nature. He believes, like
Dean Herbert, that specics, when nascent, were more plastic than at
present. He lays weight on what he calls the principle of finality,
“ puissance mystérieuse, indéterminée; fatalité pour les uns 3 pour
les autres, volonté providentielle, dont P'action incessante sur les
Stres vivants détermine, b toutes les Gpoques do Texistence du
monde, la forme, le volume, et I durée de chacun deux, en raison

32
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‘de sa destinée dans Pordre de choses dont il fait partie. Clest cette
puissance qui harmonise chaque membre & Tensemblo en Lappro-
priant & I fonction quil dot remplir dans Torganismo génetal do
la nature, fonction qui est pour lui sa raison d'étre.”

In 1853 a celebrated geologist, Count Ktywllmg (“Bulletin do
In Son, Geolog.” 2ud Ser, tom. . 7. 857), suggested that as new
seasos, supposed to have been caused by some miasma, have
arisen and spread over the world, so at certain periods the germs
of existing species may have been chemically affected by circum-
ambient molecules of a particular nature, and thus have given
rise to new forms.

In this samo your, 1660, Dr. SchaaThansen prblished an ex-
cellent, pamphlet. (* Verhand. des Naturhist. Ve euss.
Rheinlands,’ &e.), in which he maintains the e develop-
‘ment of organio forms on the carth. He infers that many species
have kept true for long periods, whereas a few have become modi-
fied. The distinction of species he explains by the destruction
of intermediate graduated forms. “Thus living plants and animals
are not separated from the extinot by new creations, but are to
e regarded as their descendants through continued reproduction.”

A well-known French botanist, M. Lecoq, writes in 1854
(“Etudes sur Géograph. Bot.,”tom. i. p. 250), “On voit que nos
recherches sur la fixité ou Ia variation de Iespéce, nous conduisent
directement, anx iddes émises, par deux hommes justement célebres,
Geoffroy Saint-Hilaire et Goethe.” Some other passages scattered
through M. Lecoq’s large work, make it a little doubtful how far ho
extends his views on the modification of species.

The * Philosophy of Creation’ has been_treated in a masterly
‘manner by the Rev. Baden Powell, in his ¢ Essays on the Unity of
Worlds,' 1855 Nothing can be more striking than the manner in
which he shows that the introduction of new species is “a regular,

% Trom rfurences in Bron's ¢ Untersuchungen ber de Entwickalnge.

Geastz St appeas that. the colbrated botanist nd palocntlogist Unger
published, in mz i belef that spocies undergo development
stion. licowie, in Punder and, Daltow's work on Fosil Slnth,

cxpreeed, in 163

il views have a s wall
o maintained h, Ok s 1* Natur.Fhilos From other
nternons 1o Godrys work: S Fpaoes s th B ory St. Vincent,
Burdach, Pth, ot s el Shoiod species are continu-
g pedied
add, that of the thirty-four authors named n this Historical
Sketch, who heliovs in the modifeation of specen, o a et dbalios
separao act ufuul.wn, twenty—nvenh- ‘written on special branches of
natural history or geo
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not o casual phenomenon,” or, as Sir Jobn Herschel expresses it,
“a natural in contradistinetion to a miraculous process.

'Mhe third volume of the *Journnl of the Linnean Society” con-
tains papers, read July Ist, 1858, by Mr. Wallace and myself, in
which, as stated in_ the introductory remarks to this volume, the
theory of Natural Selection s promulgated by Mr. Wallace with
admirable force and clearness.

‘Von Baer, towards whom all zoologists feel so profound a respect,
expressed about the year 1859 (see Prof. Rudolph Wagner, ¢ Zoolo-
gisch-Anthropologische Untersuchungen, 1861, 5. 51) his convic-
tion, chiefly grounded on the laws of geographical distriby
that forms now perfetly distinet have descended from a single
‘parent-form.

Tn June, 1859, Professor Huxley gave a lecture before the Royal
Tnstitution on the ¢ Persistent Types of Animal life Referring to
such cases, he remarks, 1t is difficult to comprehend the meaning
of such facts as these, if we suppose that each species of animal
and plant, or each great type of organisation, was formed and
placed upon the surfaca of the globe at long intervals by a distinct
act of creative power; and it s well o recollect that such an
assumption is as unsupported by tradition or revelation as it is
opposed to the goneral analogy of nature. 11, on the other hand,
wo view ¢ Perssient Types in rolation i T e
supposes the species living at any time to be the result of the
grudual modification of pre-oxisting specios—a hypothesis which,
though unproven, and sadly damaged by some of its supporters,
is yet the only one to which physiology lends any countenance ;
their existence would seem to show that the amount of modification
which living beings have undergone during geological time is but
very small in relation to the wholo series of changes which they
have mmmd

ember, 1859, Dr. Hooker published his ¢ Tntroduction to
the Amtmlnn Flora? In the first part of this great work he admits
the truth of the descent and modification of species, and supports
this doctrine by many original observations.

The first edition of this work was published on November 24th,
1859, and the second edition on January Tth, 1860,
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ORIGIN OF SPECIES.

INTRODUCTION.

Wi on board HM.S, ‘Beagle,’ as naturalist, T was much struck
with certain facts in the distribution of the orzanic beings inbabit-
ing South America, and in the geological relations of the present to
the past inhabitants of that continent. These facts, as will be scon
in the latter chapters of this volume, scemed to throw some light,
on the origin of species—that mystery of mysteries, as it has been
called by one of our greatest philosophiers. On my return home, it
occurred to me, in 1837, that something might perbaps be made out
on this question. by patiently accumulating and reflecting on all
sorts of facts which could possibly have any bearing on it. Aler
five years’ work I allowed myself to speculate on the subject, and
drew up some short notes ; these T enlarged in 1844 into a sketch
of the conclusions, which then seemed to me probable : from that

1 hope that 1 may be excused for entering on these persenal details,
as I give them to show that I have not been hasty in coming to o
decision.

MMy work is now (1859) nearly finished ; but as it will take mo
many more years to complete it, and as my health is far from
strong, I have been urged to publish this Abstract. 1 bave more
especially been induced to do this, as Mr. Wallace, who is now
studying the natural history of tho Malay archipelago, has arrived
at almost exactly the same general conclusions that I have on the
origin of species. In 1858 he sent mo a memoir on this subject,
with a request that I would forward it to Sir Charles Lyell, who
sent it to the Linnean 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 memoir, some brief extracts from my manu-
scripts.

This Abstract, which T now publish, must necessarily be fm-
perfect. 1 cannot here give roferences and authorities for my
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2 Introduction.

soveral statements; and T must trust to the reader reposing somo.
confidence in my accumey. No doubt errors will have crept in,
though T hope I have always been cautious in trusting to good
authorities alone, I can here give only the general conclusions at
which 1 have arrived, with a few facts in illustration, but which,
hope, in most cases will suffice. No one can foel more sensible
than I do of the necessity of hereafter publishing in detail all the
faots, with reforences, on which my conclusions have been grounded;
and I hope in a future work to do this. For T am well aware that
scarcely a singlo point is disoussed in this volume on which facts
cannot be adduced, often aparently leading to conclusions direetly
opposite to those at which I have arrived. A fair result can bo
obtained only by fally stating and balancing the ficts and argu-
‘ments on both sides of each question ; and this is here impossible

T much regret that want of space prevents my having the satis-
faction of acknowledging the generous assistance which I have
received from very many naturalists, some of them personally un-
Jknown to me. I cannot, however, let this opportunity pass without
expressing my decp obligations to Dr. Hooker, who, for the last
fifteen years, has aided me in every possible way by his large stores
of knowledge and his excellent judgment.

Tn considering the Origin of Species, it is quite conceivablo that
a naturalist, reflecting on the mutual affnities of organic being
on their embryological relations, their geographical distribution,
geological succession, and other such facts, might come to the con-
clusion that species had not been independently created, but had.
descended, like varietics, from other species. Nevertheless, such a
conclusion, even if well founded, would be unsatisfactory, until it
could be shown how the innumersble species inhabiting this world
have been modified, 5o as to acquire that perfection of structuro
and coadaptation which justly excites our admiration. Naturalists
continually refer to external conditions, such as climate, food, &c.,
as the only possible cause of variation. In one limited sense, as
‘wo shall hercafter sce, this may be truc; but it is prepostorous 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 inscots under the bark of trees. In the case of the.

. mistletoe, which draws its nourishment from certain trees, which
has seeds that must be transported by certain birds, and which has
flowers with separato sexes absolutely requiring the agency of
certain insects to bring pollen from ono flower to the other, it i
equally preposterous to account for the structure of this parasite,
‘with its relations to several distinct organic beings, by the effeets.
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Introduction. 3

of extemal conditions, ot of babit, or of the volition of the plan
itself.
Tt s, therefore, of the highest importance to gain a clear insight,
into the means of modification and coadaptation. At the commence-
‘ment of my observations it seemed to me probable that a careful
study of domesticated 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 knowledse, imperfect though it be, of
variation under domestication, afforded. the best and safest, clue, T
may venture to express my conviction of the high value of such
studies, although they have been very commonly negleoted by
naturalists.

Trom these considerations, T shall devote the first chapter of this
Abstract to Variation under Domestication. We shall thus sco that
a large amount of hereditary modification is at least possible ; and,
what is equally or more important, we shall sco low great is the
power of man in accumulating by his Selection successive slight
variations, T will then pass on to the variability of species in a
state of nature; but I shall, unfortunately, bo compelled to treat
this subject far too briefly, as it can be treated properly only by
giving long catalogues of facts. We shall, howover, be enabled fo
discuss what circumstances are most favourable to variation. In
the next chapter the Struggle for Existence amongst all organic
beings throughout the world, which inevitably follows from the
high geometrical ratio of their increase, will be considered.  This is
the doctrine of Malthus, applied to the whole animal and vegetable
kingdoms. As many more individuals of each species are born than
<an_possibly survive; and as, consequently, thero is o frequently
recurring struggle for existence, it follows that any being, if it vary
Jowever slightly in any manner profitablo to itself, under the coni-
plex and_ sometimes varying conditions of life, will have a better
chanco of surviving, and thus be naturally selected. From the
strong principle of inheritance, any selected varicty will tend to
propagate its new and modified form.

‘This fundamental subject of Natural Selection will be treated at
somo length in the fourth chapter; and wo shall then see Low
Natural Selection almost inevitably causes much Extinction of the
less improved forms of life, and leads to what I have called Diver-
‘zence of Character. In the next chapter T shall discuss the complex
and litile known laws of variation. In the five succeeding chapters,
#the most apparent and gravest difficulties in accepting the theory
will be given : namely, first, the difficulties of transitions, or how &

B2
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4 Introduction.

simple eing or a simple organ can bo changed and perfeoted into
ighly doveloped being or into an elaborately constructed organ ;.
sccondly, the subject of Instint, or the mental powers of animals;
thirdly, Hybridism, or the infertility of species and the fertility of
varietics when intererossed ; and fourthly, the imperfection of the
Geological Record. In the next chapter 1 shall consider the geo-
logical succession of organic beings throughout time ; in the twelfth
and thirtconth, their geographical distribution throughout space; in
the fourteenth, their classification or mutual affinities, both when
mature and in an embryonic condition. In the last chapter I shall
give a brief recapitulation of the whole work, and a fow concluding
Temarks.

No one ought to focl surprise at much remaining as yet un-
explained in regard to the origin of species and varieties, if hie make
due allowance for our profound ignorance in regard to the mutual
relations of the many beings which live around us.  Who can ex-
plain why one species ranges widely and is very numerous, and
why another allied species has a narrow range and is rare? Yet
these relations are of the highest importance, for they determine the
present; wlfare, and, as I believe, tho future success and modification
of every inhabitant of this world. ~Still less do we knowof the
mutual relations of the innumerable inhabitants of the world during
the many past geological epochs in its history. Although much
remains obscure, and will long remain obscure, I can entertain no
doubt, after the most deliberate study and dispassionate judgment
of which T am capable, that the view which most naturalists until
recently entertained, and which T formerly entertained—namely,
that each species has heen independently created—is erroncous.
T am fully convinced that species are mot immutable; but that
thoso belonging to what are called the same genera are lineal
descendants of some other and generally extinet species, in the
sume mantier as the acknowledged varicties of any one species are
the descendants of that species. Furthermore, I am convinced
that Natural Sclection as been the most important, but not the:
exclusive, means of modification,
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CHAPTER I

VARIATION UNDER DOMESTICATION.

Canes of Variability — Eflcts of Habit and the use ar disuse of Part
‘Correlated Variation — Inheritance—Character of Domestic Varieti
Difficulty of distinguishing between Varicties and Species — Origi
of Domestic Varicties from one or more Species— Domestic Pigeons,
their Differences and Origla— Principles of Selection, anciently £

hodical and Unconscious Selection —
mstic Productions — Circumstances favous
able o au's power of Selestion.

Causes of Variability.
Witkx we compare the individuals of the same variety or sub-
varicty of our older cultivated plants and animals, one of the first
points which strikes us is, that they gencrally differ more from
each other than do the individuals of any one sjecies or variety in
a stato of nature. And if we reflect on the vast diversity of tho
plants and animals which have been cultivated, and which have
varied during all ages under the most different climates and treat-
ment, we are driven to concludo that this great variability is due
our domestic productions having been raised under conditions of
fo ot so uniform as, and somewhat different from, those to which
the parent-species had been exposed under nature. There is, also,
some probabilty in the view proponnded by Andrew Knight, that
variability may be partly connccted with excess of fo
seems clear that orzanic beings must be exposed during several
erations to new conditions o cause any great amount of varia-
tion; and that, when the organisation has once begun to vary, n

consing to vary under eultivation,
Our oldest cultivated plants, such as wheat, still yield new varie-
ties: our oldest domesticated animals aro still capable of rapid
smprovement or modification.

As faras Lam ablo to Judge, after long sttending o tho sibject,
the conditions of if appear {0 act in ow0 ways,—diretly on th
whole orzanisation or on certain parts uhnu, and indirectly by
affecting the reproductive system. With respect to the direct
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6 Variation under Domestication. Ciar. L.

action, we must bear in mind that in every case, as Professor
Weismann las lately insisted, and as T have incidentally shown in

my work on “Variation under Domestication,’ there are two
factors : namely, the nature of the organism, and the nature of the
conditions. The former seems to be much the more important ;
for nearly similar variations sometimes arise under, as far as wo
can judge, dissimilar conditions ; and, on the other hand, dissimilar
variations atise under conditions which appear to be nearly uniform,
The effects on the offspring are either definite or mdaﬁu\le They
‘may be considered as definite when all or nearly all the offspring of
individuals exposed to certain conditions during several generations
are modified in the same manner. It is extremely difficult to come
to any conclusion in regard to the extent of the changes which have
been thus definitely induced. Thore can, however, be little doubt
about many slight changes,—such s size from the amount of food,
colour from the nature of the food, thickness of the skin and hair
from climate, &. Each of the endless variations which we sec in
the plumage of our fowls must have had some efficient cause ; and
if the same cause were to act uniformly during a long series of
‘generations on many individuals, all probably would be modified in
the same manner.Such facts as the complex and extraor
out-growths which invariably follow from the insertion of a minufe
drop of poison by a gall-producing inscet, show us what singular
modifications might result, in the case of plants from a chemical
change in the nature of the sap.

Indefinite variability is a much more common result of changed
conditions than definife variability, and has probably played a more
important part in th formation of our domestio races. We seo:
indefinite variability in the endless slight peculiarities which dis-
tinguish the individuals of the samo species, and which cannot be
accounted for by inheritance from cither parent or from some more
remote ancestor. Even strongly-marked differences oconsionally
appear in the young of the same litter, and in seedlings from the

me seed-capsule. At long intervals of time, out of millions of
individuals reared in the same country and fed on nearly the same
food, deviations of structure so strongly pronomnced as to deserve-
to be called monstrosities arise; but monstrosities cannot be
separated by any distinet line from slishter variations. All such
changes of structure, whether extremely slight or strongly marked,.
which appear amongst many individuals living together, may bo.
considered as the indefinite effects of the conditions of life on cach
individual organism, in nearly the same manner as a chill affocts.
different men. in an indefinite manner, according to their state:
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Guse.l.  Variation under Domestication. 7
of body or constitution, causing coughs or colds, rheumatism, or.
inflammations of various organs.

With respect to what I have called tho indirect action of changed.
conditions, namely, through the reproductive system being affected,
we may infer that variability is thus induced, partly from the fact
of this system being extremely sensitive to any change in the con~
ditions, and partly from the similarity, as Koireuter and others
have remarked, between the variability which follows from tho
crossing of distinct species, and that which may be observed with
plants and animals when reared under new o unnatural conditions.
Many facts clearly show how eminently susceptible the reproduc-
tive system is to very slight changes in the surrounding conditions.
Nothing is more casy than to tame an animal, and fow things more
diffiult than o get it to breed frecly under confinement, even when.
the male and female unite. How many animals there are which
will not breed, though kept in an almost free state in their native
country | This is generally, but erroneously, attributed to vitiated
instincts. Many oultivated plants display the utmost vigour, and
yet rarely or never seed! In some fow cases it has been discovered
that a very trifling change, such as a little more or less water at
some particular period of growth, will determine whether or not a
plant will produce seeds. I cannot here give the details which
T hiave collected and elsewhero published on this curious subject;
but to show how singular the laws are which determine the repro-
duction of animals under confinement, I may mention that car-
nivorous animals, even from the tropics, breed in this country
pretty freely under confinement, with tho exception of the planti-
grades or bear family, which seldom produce young; whereas
carnivorons birds, with tho rarest excoptions, hardly ever lay fertile
eggs. Many exotic plants have pollen utterly worthless, in the
same condition as in the most sterile hybrids. - When, on the on
hand, wo sce domesticated animals and plants, thongh often weak
and sickly, breeding frecly under confinement; and whe, on the
other hand, we see individuals, though taken young from a state of
nature perfectly tamed, long-lived and healthy (of which I could
‘give numerous instances), yet having their reproductive system so
seriously affected. by unpercoived causes as to fail o act, wo need
ot be surprised. at this system, when it docs act under confinement,
acting irregularly, and producing offspring somewhat unlike their
parents. 1 may add, that as scme organisms breed frecly under
the most unnatural conditions (for instance, rabbits and ferrets kept
in hutches), showing that their reproductive organs are not easily
affected; so will some animals and plants withstand domestication
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ave maintained that all variations are con-
netel with the act of sexual rproduction, but this is cortainy
an erm:. for 1 have given in another work a long list of “sporting
called by gardeners ;—that is, of plants which
produced & aHv”h bud with a new and sometimes
widely different character from that of the other buds on the same
plant. These bud variations, as they may be named, can be pro-
pagated by grats, ofsets, &c., and sometimes by seed. They occur
rarely under nature, but are far from rare under culture. As a
single bud out of the many thousands, produced year after year on
the sume tree under uniform conditions, has been known suddenly
to assume a new character; and as buds on. distinct trees, arowing
under different conditions, have sometimes yielded nearly the same
arioly—fr instanc, buds on pesciirce producing netaines,
and buds on common roses producing moss-roses—we clearly seo
et (e ‘sabuce of i oondiconstih oF subiudicadsjpi et
comparison with the nature of the organism in determining each
particular form of variation ;—perhaps of not more importance than
the nature of the spark, by which a mass of combustible matter is
igited, has in determining the nature of the flames.

Effects of Habit and f the Tue m Divia o Paras Gerled
Variation ; Inheritance.

Changed habits produce an inherited cfiect, as in the period of the
flowering of plants when transported from one climate to another.
With avimals the increased use or disuse of parts has had a more
marked influence; thus I find in the domestic duck that the bones
of the wing weigh less aud.the bones of the leg more, in proportion.
to the whole skeleton, than do the same bones in the wild-duck;
and this change may bo safely attributed to the domestic duck.
flying much loss, and walking more, than its wild parents. Tho
areat and inlierited dovelopment of the udders in cows and goats in.
countries where they are Labitually milked, in comparison with
these organs in other countries, is probably another instance of tho
effects of use. Not one of our domestic animals can be named
which bas not in some country drooping cars; and the view which
has been susgested that the drooping is due to the disuse of the
muscles of the ear, from. the auimals being seldom much alarmed,
seems probable,

Many laws regulate variation, some few of which can be dimly
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Cmar. I Variation under Domestication. 9

scen, and will hereafter be briefly discussed. T will here only
allude to what may be called comelated variation. Tmportant
changes in the embeyo or larva will probably entail changes in the
maturé animal.  In monstrosities, the correlations between quite
distinet parts are very curious; and many instances are given in
Tsidore Geoffroy St. Hilaire's great work on this subject. ~DBreeders
elieve that long limbs are almost always accompanied by an
clongated head. Some instances of correlation are quite whimsical :
thus cats which are entirely white and have blue eyes are generally
deaf; but it has been lately stated by Mr. Tait that this is confined
to the males. 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-
oloured. individuals escape: Professor Wyman has recently com-
municated to me a good illustration of this fact; on asking some
farmers in Virginia 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 thc black varicties to drop off; and one of the “crackers

nia squatters) added, * we select the black members of o
it R good chance of living.” Hair-
loss dogs lave imperfect teeth: long-haired and coarse-haired
il ure apt o have,as s aserted, oug or many Lorus; pigeons
with feathered feet havo skin between their outer tocs s pigeons
it short ks have smallfs, and thoo wil i mLs Targe

e if man goes on seleoting, and thus g, any
ST T it crtaialy Ty unintengonally other

5 of the structare, owing to the mysterious laws of correlation.

“The results of the various, unknown, or but dimly wnderstood
Taws of variation are infinitely complex and diversified. It is well
worth while carefully to study the several treatises on some of
our old cultivated plants, as on the hyacinth, potato, even the
dablia, &e.; and it s really surprising to note the endless points of
ure and constitution in which the varicties and sub-varities
differ slightly from each other. The wholo organisation seems to
have become plastic, and departs in a slight degreo from that of the
parental type.

Any variation which s not ted is unimportant for us.
Dut the number and diversity of inheritable deviations of strmture,
both those of slight and those of considerable physiological impor-
tance, are endless. Dr. Prosper Lucas's treatise, in (v lurgo
volumes, is the fullest and the best on this subject. No breoder
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10 Variation under Domestication. Ciuar. 1.

doubts how strong is the tendency to inheritance ; that like pro-
duces like is Lis fundamental belief: doubts have been thrown on
this principle only by theoretical writers. When any deviation of
structure often appears, and we see it in the father and child, wo
cannot tell whether it may not be due to the same cause having
acted on both ; but when amongst mdwnl\u\ls, apparently exposed
to the same conditions, any very rare on, due to some
extraordinary combination of e in ho parent
—say, once amongst several million individuals—and it reappears
in the child, the mere doctrine of chances almost cmnpc]& us to
attribute its rance to inberitance. Bvery one must have
e ofcases o lbinim, prickly akin, iy odies, s, appecing
in several members of the same fmmly If strange and rai
deviations of structure are really inherited, less strango and com-
moner deviations may be frecly admitted to be inheritable.
Perhaps the co ¥ of viewing the whole subject would be, to
Took at the inheritance of every character whatever as the rule, and
non-inheritance as the anomaly.

The laws governing inheritance are for the most part unknown.
No one can say why the same pecaliarity in different individuals
of the same species, o in different species, is sometimes inherited
and sometimes not so; why the child often reverts in certain
characters to its grandfather or grandmother or more remote ances-
tor; why a peculiarity is often transmitted from one sex to both
sexes, or to one sex alone, more commonly but not exclusively to
thelike sex. It is a fact of some importance to us, that peculiarities
appearing in the males of our domestic breeds are often transmitted,
cither exclusively or in a much greater degree, to the males alone.
A much more important rule, which I think may b trusted, i
that, at whatever period of life  peculiarity first appears, it tends
to re-appear in the offspring at o corresponding age, though some-
times earlier. In many casos this could not be otherwise; thus
the inberited peculiarities in the horns of cattle could appear only
m the offspring when nearly mature; peculiarities in the silk~
worm are known to appear at the corresponding caterpillar or
cocoon stage.  But hereditary diseases and some other facts make:
o believe that the rule has a wider extension, and that, when
there is no apparent reason why o peculiarity should appear at
auy 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 rulo to be of the highest importance in explaining the
taws of embryology. These remarks are of course confined to the
Grst appearance of the peculiarity, and 1ot to the primary cause:
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cmr. L Variation under Domestication. 1

which may have acted on the ovules or on the malo clement  in
nearly the same manner as the increased length of the horns in tho
offspring from a short-homed cow by a long-horned bull, though
appearing lato in life is olearly ¢ 10 to the male element.

Taving alluded to the subject of reversion, T may hero rofer to a
statement often made by naturalists—namely, that our domestic
Varieties, when run wild, gradually but invariably revert in charac-
ter to their aboriginal stocks. Hence it has beon argued that no
deductions can e draw from domestic races to species in a state of
nature. 1 have in vain endeavoured to discover on what decisivo
fucts the above statement has so often and 5o 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 varic-
ties could not possibly live in a wild state. In many cases we do not
Know what the aboriginal stock was, and 5o could not tell whether
or not nearly perfect reversion had ensued. It would be necessary
in order to provent tho effects of intercrossing, that ouly a single
variety should have been turned loose in its new home. Neverthe-
Loss, as our varieties certainly do occasionally revert in somo of
their characters to ancestral forms, it seems to me not improbable
that if we could succeed in naturalising, or were to cultivate,
during many generations, the several races, for instance, of the
cabbage, in very poor soil (in which case, however, some effoct
would have to be attributed to the definite action of the poor soil),
that they would, to a large extent, or even wholly, 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 conditions of life are changed. 1f it could
‘e shown that our domestic varieties manifested a strong tendency
to reversion,—that is, to lose their acquired characters, whilst kept
under the same conditions, and wi in a considerable body,
0 that free intercrossing might check, by blending together, any
slight deviations in their structure, in such case, I grant that wo
could deduce nothing from domestic varieties in regard to species.
But thero 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 povltry of various breeds, and esculent
vegetables, for an unlimited number of generations, would be
opposed to all experience.
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i

Claracter of Domestic Varicties: dificalty of distinguishing
between Varicties and Species; origin of Domestic Varieties
from one or more Species.

When we look to the hereditary varicties or races of our domestic «
animals and plants, and compare them with closely allied species,
we generally perceive in each domestic race, as already remarked,
less uniformity of character than in true species. Domestic races
ofen have o somewhat monstrous character ; by which T mean,
hat, although differing from each other, and from other specics of
same genus, in several trifling respects, they often differ in an
extreme degree in some one part, both when compared one with
another, and mor especially when compared with the species undor
nature to which they are nearcst alliod. With these exceptions
and with that of the perfect fertility of varieties when crossed,—a
subject hereater to be discussed), domestic races of the same species
differ from each other in the same manner as o the closely-allied
species of the sume genus in a state of nature, but the difieronces
in most cases are less in degree. This must be admitted s true,
for the domestic races of many animals and plants have been

5
g
=
5
g

, and by other competent judges as mero
varicties. If any well marked distinction existed between a
domesti race and a species, this source of doubt would not so
perpetually recur. 1t has often been stated that domestio. Taces
o not differ from each other in characters of generic value. It can
e shown that this statement is not correct ; but naturalists differ
much in determining what characters are of generic values all
such valuations being at present, empirical. When it is explained
how. genera originate under nature, it will be seen that we have
20 right to expect often to find 4 generic amount of difference
in our domesticated races,

1 attempting to estimate the amount of structural differenco
Detween allied domestic races, wo are soon involved in doubt,
from not knowing whther they are descended from one o several
parent species. This point, if it could be cleared up, would bo
interesting ; i, for instance, it could be shown that the greyhound,
loodhound, terrier, spanicl, and bull-dog, which we all know
propagate their kind truly, were the offspring of any single species,
then such fucts would have great weight in making us doubt about
the immutability of the many closely allied natural specios—for
dnstance, of the many foxes—inhabiting different quarters of the
world. I do not believe, as we shall presently sec, that the whale
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cunl.  Character of Domestic Varictics. 13

amount of differenco between the several breeds of the dog has been
produced under domestication ; 1 believe that a small part of tho
difference is dne to their boing desconded from distinet species.

the caso of strongly marked races of some other domesticated
species, there is presumptive or even strong ovidence, that all aro
desconded. from a singlo wild stock.

Tt has often been assumed. that man has chosen for domestica=
tion animals and plants having an extraordinary inherent tendency
tovary,and likewise to withstand diverse climates. 1 do not dispute
that these capacities have added largely to the value of most of our
domesticated productions ; but how could a savage possibly know,
when he first tamed an animal, whether it would vary in succeeding

tions, and whether it would endure other climates? Has
the little variability of tho ass and goose, or the small power of
endurance of warmth by the reindeer, or of cold by the common
camel, prevented their domestication? 1 cannot doubt that if
olhcx :mmuls and plants, in number to our domesticated:
productions, and belonging to equally diverse classes and countries,
o Ak e ie S ool S R
un equal mumber of generations under domestication, they would
on an average vary as largely as the parent species of our existing
domesticated productions have varie

In the caso of most of our. anciently domesticated animals and
plants, it is not possible to come to any definite conclusion, whether
they are 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 wo find in the most ancient times, on the.
‘monuments of Egypt, and in the lake-habitations of s\mmlana
much diversity in the breeds; and that some of theso
bmmk closely resemble, or are even identical with, those 5L|
But this only throws far backwards th history of civilisation
Am.l shows that animals were domesticated at a much earlier period.
than has hitherto been supposed. The lake-inhabitants of Swit-
zerland cultivated several kinds of wheat and barley, the pea, the
poppy for oil, and flax; and they possessed several domesticated

wimals, They also carried on commerce with other nations, AlL
this clearly shows, as Heer has remarked, that they bad at this.
carly age progressed considerably in civilisation and this aznin
implies a long continued previous period of less advanced civilisation,
during which the domesticated animals, kept by different tribes in
different distriots, might have varied and given rise to distinct races,
Since th discovery of fiint tools in the superficial formations of
wany parts of the world, all geologists believe that barbarian maw
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14 Character of Domestic Varictics. — Cuse.1.

existed at an cnormously remote period ; and we know that at the
present day there is hardly a tribe so barbarous, as not to have
domasticated at least the dog.

The ori most of our domestic animals will probably for
ever remain vague. But I may here state, that, looking to tho
domestic dogs of the whole world, I have, after a laborious collection.
nown facts, come to the conclusion that several wild species

mingled together, flows in the veins of our domestic breeds. ln
regard to sheep and goats I can form no decided opinion. From
facts communicated to me by Mr. Blyth, on the habits, voice, con=
stitution, and structure of the humped Indian cattle, it is almost
cortain that they are descended from a different aboriginal stock
from our European cattle ; and some competent judges believe that
‘these latter have had two or three wild progenitors,—whether ornot
‘theso deserve to be called specics. This conclusion, as well as that
of the specific distinction between the humped and common cattle,
may, indeed, be looked upon as established by the admirable re-

es of Professor Riitimeyer. With respect to horses, from
xeasons which I cannot here give, Lam doubtfully inclined to believe,
i opposition to soveral authars, that all the races belong to the saume
specics.  Having kept nearly all the English breeds of the fowl
alive, having bred and crossed them, and examined their skeletons,
it appears to me alimost certain that all are the descendants of the
wild Indian fowl, Gallus bankiva ; and this is the conclusion of
Mr. Blyth, and of others who have studied this bird in India. Tn
regard to ducks and rabbits, some breeds of which differ much from
cach other, the evidenco is clear that they are all descended
from the common wild duck and rabbit.

The doctrino of the origin of our several domestic races from
several aboriginal stocks, has been carrled to an absurd extreme by
some anthors. They believe that every race which breeds true, let
the distinctive characters be ever so slight, has had its wild proto-

type. At this rato there must have existed at least a score of

species of wild cattle, as many sheep, and several goats, in Europe
alone, and soveral even within Great Dritain. One author believes
that, there formerly existed eleven wild species of sheep peculiar to
Groat Britain! When we bear in mind that Britain has now nob
one peculiar mammal, and France but few distinct from those of
Germany, and so with Hungary, Spain, &c., but that each of theso
ingdoms possesses several peculiar breeds of cattle, sheep, &c., W
must adwmit that many domestic breeds must have originated in
Europe; i derived? Soitis
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cua 1 Domestic Pigeons.

N
inTndia. Even in the caso of tho breeds of the domestio dog through-
out the world, which I admit are descended from several wild spe-
“cies, it canmot be doubted that thero has been an immense amount
of inherited variation; for who will believe that animals closely
resembling the Ttalian greyhound, the bloodhound, the bull-dog,
pug-dog, or Blenheim spaviel, &o.—so unlike all wild Canide—
ever existed in a state of nature? It bas often been loosely said
that all our races of dogs have been produced by the erossing of &
fow aboriginal species; but by crossing we can only get forms in
some degree intermediate between their parents ; and if we account
for our several domestic races by this process, wo must admit the
former existence of the most extremo forms, as the Italian grey~
hound, bloodhound, bull-dog, &, in the wild state. Morcover,
the possibility of making distinct races by crossing has been greatly
exaggerated.  Many casc aro on. record, showing that a race may
e modified by occasional crosses, if aided by the careful selection
of the individuals which present the desired character; but to
obtain a race intermediate between two quite distinct races, would
e very difficult. _Sir J. Sebright expressly oxperimented with this
abject, and failed. The offspring from the first cross between. two
pure breeds is tolerably and sometimes (as I have found with
pigeons) quite uniform in character, and cverything scems simple
enough 3 but when these mongrels are crossed one with another for
several generations, hardly two of them are alike, and then the
difficulty of the task becomes manifest.

Breeds of the Domestic Pigeon, their Differences and Origin.
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 T could purchase or obtain, and have been most
Kindly favoured with skins from soveral quarters of the world, moro
especially by the Hon. W. Elliot from India, and by the Hon. C.
Murray from Persia. Many treatises in different languages have
Teen published on pigeons, and some of them are very important,
as heing of considerable antiquity. 1 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 seo
the wonderful diferenco in their beaks, entailing corresponding
differences in their skulls. The carrier, more especially the male
Tird, is also remarkable from the wonderful development of the
carunculated skin about the head; and this is accompanied by
greatly elongated eyelids, very large external orifices to the nostrils,
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16 Domestic Pigeons. Cuar. L

and a wide gape of mouth. The short-faced tumbler bas a Leak 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 fe
sub-breeds of runts have very long necks, others ve
and tails, others singularly short tails. he barb is allied to the
carrier, but, instead of a long beak, has a very short and broad one,
“The pouter has o much clongated body, wings, and legs ; and its
enormonsly developed crop which it glories in inflating, may well
and oven laughter. The turbit has a short and

of reversed feathers down the breast 5 and
it has thehﬂm  of oontianal ly expanding, slightly, the upper part of
the wsophagus. Tho Jacobin has the feathers so much reversed
along the back of the neck that they form a hood 5 and it has, pro-
portionally to its size, clongated wing and tail foathers. ~The
trumpeter and laugher, as their names express, utter a very \‘hﬁ'emm,
oo from the other breeds. e fantail has thirty or even forty
{ail. et B of tvwelvs oS A AN
all the members of the great pigeon family : these feathers are kept
expanded, and are carried 5o erect, that in good birds the head and
tail touch: the oil-gland is quite aborted. Scveral other less
distinet breeds might be specified.

In the skeletons of the several breeds, the development of the
‘bones of the face in length and breadth and curvature differs enor~
mously. The shape, as well as the breadth and longth of the ramus
of the lower jaw, varies in a highly remarkable manner. The
caudal and sacral vertebra vary in number ; as does the number of
the ribs, together with their relative breadth and the presonce of
processes. The size and shape of the apertures in the sternum ate
highly variable ; 5o is the degree of divergence and relative size of
the two arms of the furcula. The proportional width of the gape
of month, 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
sophagus ; the development and abortion of tho oil-glnd ; the
number of the primary wing and caudal feathers; the relative
leagth of the wing and tail to each other and to the body; the
relative length of the leg and foot ; the number of scutallv on
the toes, the development of skin between the toes, are all points
of structure which are variable. The period at which the perfest -

plumaze is acquired varies, as does the state of the down with which
fhe nestling birds are clothed when hatched. The shape and size
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.

s vary. The manner of flizht, and in some breeds tho
L Sspoution, diflr remarkably. Lasly, in certain breeds,
the males and females have come to differ in a slight degree from

h other.

 Altogether at least a score of pigeons might be choson, which, if
shown to an ornithologist, and he were told that they were wild
birds, would. certainly be ranked by him as well-defined. specics.
Morcover, T do not believe that any ornithologist would inthis
case place the English carrier, the short-faced tumbler, the runt, the
barb, pouter, and fantail in the same genus; more especially as in
cch of these red sovr tly-inhorted ub] “breeds, or species, as
Lo would call them, could be shown

Great as are the differences b o s o the pigeon,
1 am fully convince. that the ecmman opinion of mauralsts is

correct, namely, that all are descended from
Cottbe vl Inciuting tie® 1hi4 e mvest «ennrsph\cnl
races ot sub-species, which differ from each other in themost trifling
respects. As soveral of tho rensons which have led me to this
belieFaro in somo degree applics s, T will Tere briefly
give them. If the several breeds are not varieties, and have not
proceeded from the rock-pigeon, they must havo descended from a
heast seven or eight aboriginal stocks; for it is impossiblo to make
the present domestic breeds by the crossing of any lesser number:
how, for instance, conld a pouter be produced by crossing two
breeds unless one of the parent-stocks possessed the characteristio
enormous crop? The supposed aboriginal stocks must all have
Teen rock-pigeons, that is, they did not Lreed or willingly perch on
G T ki 011 it s poograpiot] b pcio, 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 cxist in the countries
where they were originally domesticated, and yet be unknown to
omithologists ; and this, considering their size, habits, and remark-
able characters, scems improbable: or they must have become
extinet in the wild state. But birds breeding on precipices, and
good flers, are unlikely to be exterminated ; and the common rock-
pigeon, which has the same habits with the domestic breeds, has
not been exterminated cven on several of the smaller British islets,
o on the shores of the Mediterrancan. Hence the supposed exter-
inaton of g0 many apeies having imilar Tatits withthe rock-
pigeon seems a very rash assumption. Morever, the soveral above-
oamod dometicatod breods have been transported to all parts of the
world, and, therefore, some of them must have been carried back

o
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18 Domestic Pigeons. Cinan. 1

again into their native country; but not one has become wild or
foral, though tho dovecot-pigeon, which is the rock-pizeon ina very
slightly altered state, has become foral in several places. Again,
all recent experience shows that it is difficult to get wild animals to
breed frecly under domestications yet, on the hypothesis of the
‘multiple origin of our pigeons, it must be assumed that at least
soven or eight species were so thorougbly domesticated in ancient
times by half-civilised man, as to be quite prolific under con-
finerent.

An argument of great weight, and applicable in soveral ofher
cases, is, that the above-specified breeds, though agreeing generally
with the wild rock-pigeon in constitution, habits, voice, colouring,
and in most parts of heir structure, yot are certainly highly abnor-
mal in other parts; we may look in vain through the whole great
family of Columbida for a bealk like that of the English carrier, or
that of the short-faced tumbler, or barb ; for reversed feathers like
those of the Jucabin 3 for a crop like that of the pouter; for fail-
feathers like those of the fantail. Henco it must be assumed not
only that half-civilised man succeeded in thoroughly domesticating
several species, but that he intentionally or by chance picked out
extraondinarily abnormal species; and further, that these very
‘species have since all become extinct or unknown. So many strange
contingencies are improbable in the highest degree.

e facts in regard to the colouring of pigeons well deservo
consideration. The rock-pigeon is of a slaty-bluc, with white loins;
Tut the Indian sub-species, C. intermedia of Strickland, has this
part bluish, The tail has a terminal dark bar, with the outer
feathers externally edged at the base with white. - The wings have
two black bars. Some semi-domestic breeds, and some truly will
Dreeds, have, besides the two black bars, the wings chequered with
Dlack. 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. Moreover, when birds belonging to two or
‘more distinct breeds are crossed, none of which are biuo or have
any of the above-specified marks, the mongrel offspring are very.
apt suddenly toacquire these characters. To give one instance out of
soveral which I have observed :—T 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
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tail and red spot on the forehead, aud which notoriously breeds very
true; the mongrels were dusky and mottled. 1 then crossed one of
the mongrel barb-fantails with a mongrel barb-spot, and they pro-
doced a bird of as beautiful a bluo colour, with the whito loins,
double black wivg-bar, and barred and white-edzed tail-feathers, as
any wild rock-pigeon! We can understand theso fucts,
well-known principle of reversion to ancestral characters,
the domestic. breeds are desoended from the rock-pigeon. But if
wo deny this, wo must make ono of the two following highly im-
probable suppositions. ~ Either, first, that all the several imagined
aboriginal stocks were coloured and marked like the rock-pigeon,
although no other existing species is thus coloured and marked, so
that in each separate breed there might be a tendency to rovert to
the very same colours and markings. Or, secondly, that each
‘reed, even the purest, has within a dozen, or at most within a
score, of generations, been crossed by the rock-pigeon: 1 say within
a dozen or twenty genorations, for 1o instance is known of crosse
descendants reverting to an ancestor of foreign blood, removed by a.
greater number of generations. In a breed which Las been crossed
only once, the tendency to rovert to any character derived from
such a cross will naturally become less and less,as in each succeed=
ing generation there will be less of the forcign blood; but when
there Jias been 10 cross, and there s a tendency in the breed to
revert to a character which was lost during some former generation,
this tendency, for all that we can seo 0 the contrary, may be
transmitted undiminished for an indefinite number of generations.
These two distinct cases of reversion are often confounded together
by those who have written on inheritance.

Lastly, the hybrids or mongrels from between all the breeds of
#he pigeon are perfectly fertile, s I can state from my own obser-

lons, purposely made, on the most distinct breeds. Now, hardly

any cascs have been ascertained with certainty of hybrids from two
quite distinct species of animals being perfectly fertile. Some
anthors beliovo that long-continued domestication eliminates this
strong tendency to sterility in species. From the history of the
dog, and. of some other domestic animals, this conclusion is pro-
Tably quite correet, if applied to specics closely related to each
other. Bt to extend it 5o far as to supposo that species, aborigi-
mally s distinct as carriers, tumblers, pouters, and fantails now are,
should yield offspring perfectly fertile énter se, would be rash in the
extreme,

From these several reasons, namely,—the improbability of man
having formerly made seven or eight supposed specics of pigeons to

02
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Dreed freely under domestication ;— these supposed specics being
quite unkuown in a wild state, and their not having become an
whore forl—these pecis presening cortain very abnormal. chi-
ructers, as compared with all other Columbide, though 50 like the

rock-pigeon in most respeots ;—t
the blue colour and various black marks breeds, both
when kept pure and when crossed ;—and lastly, the mongrel off-
spring being perfectly fcxulc s—from  these soveral reasons, taken
together, wo may safely conclude that all our domestic breeds aro
e bt e pl"wn or Columba livia with its geogra-
phical sub-species.

In favour of this view, T may dd, firstly, that the wild C.
Tas been found capable of domestication in Europe and in India;
and that it agrees in habits and in a great number of points of struc-
ture with all the domestic breeds.  Secondly, that, although an

English carrier or a short-faced tumbler differs immensely in certain
characters from the rock-pigeon, yet that, by comparing the several
sub-breeds of these two races, more especially those brought from
distant countries, we can make, between them and the rock-pigeon,
an almest perfect, serics; 50 wo can in some other cases, but not
with all the breeds. hirdly, those characters which are mainly dis-
tinctive of each breed are in each eminently variable, for instauco
the wattle and length of beal of the carrier, the shortness of that
of the tumbler, and the number of tail-feathers in the fantail ; and
the explanation of this fact will be obvious when we treat of Selec-
tion. Fourthly, pigeons have been watched and tended with the
utmost care, and loved by many people. They have been domesti-
cated for thousands of years in several quarters of the world ; the
earliest known record of pigeons is in the fifth gyptian dynasty,
about 8000 1.0., as was pointed out to me by Professor Lepsius;
but M. Birch informs me that pigeons are given in a bill of furo in
the previons dynasty. In the time of the Romans, as g hear from
Pliny, immense prices were given for pigoons; “nay, they aro come
to this pass, that they can reckon up their pedigree and race.

Pigeons were much valued by Akber Khan in India, about the mr '

and, continues the courtly historian, “ His Majesty by crossing the
breeds, which method was never practised before, has improved them
astonishingly.” About this same period the Dutch were as eager
about pigeons as were the old Romans, The paramount importance
of these considerations in explaining the immense amount of vari-
ation which pigeons have undergone, will likewise be obvious when
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B S
wo treat of Sclection,  We shall then, also, seo Low it s that ﬂxe
soveral breeds 50 often have a somewhat monstrous ch
2" a most fuvoursble cireumstanco for the production of .m
tinet breeds, that male and female pigeons can be easily mated for
Jife; and thus different breeds can be kept together in the same
aviary.

1 have discussed the probable origin of domestic pigeons at some,
ot quit insuficient, lngth; becwso when 1 st Kept pigeons
and watched the several kinds, well knowing how truly they breed,
T felt fully as much diffiulty in believing that since they had been
domesticated they had all proceeded from a common parent, as any
naturalist could in coming to a similar conclusion in regard to the
many species of finches, o other groups of birds, in nature. One
rcumstance has struck me much namely, that nearly all the
L e i TG D
‘plants, with whom I have conversed, or whose treatises I have read,
are firmly convinced that the several breeds to \\'!.uch each has at-
tended, are descerided from so many aboriginally distinct specics.
Ask, as I have asked, a celebrated raiser of Herelord cattle, whother
his cattle might not have descended from Long-horns, or both from

common parent-stock, and he will laugh you to scon. 1 have
never met a pigeon, or poultry, or duck, or rabbit fancier, who was
not. fully convinced that cach main breed was descended from a dis-
tinet species.  Van Mons, in his treatise on pears and apples, show.
how utterly he disbelieves that the several sorts, for instance a
Ribston-pippin or Codlin-apple, could ever have proceeded from th
seeds of the same tree. Innuuncrable other examples could be given.
Tho explanation, 1 tk e: from long-contitied study
they are strongly impressed with the differences betuween the several
races; and though they well know that each race varies slightly,
for they win their prises by selecting such slight differences, yot
they ignore all. general arguments, and refuse to sum up in thei
minds slight differences accumulated during many successive gene-
sations. May nob those naturalists who, knowing far less of s
laws of inheritance than does the bmdu‘, snrl knowing n
than ho docs of tho intermediato links in the long lines of descent,
yet admit that nmnv of our domestic races are dcuandcd from (he
same parents—may they not learn & lesson of caution, when they
deride the idea of specics in  tate of nature being lineal descendants
of other specics?
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Principles of Seection anciendly followed, and their Efects,

Let us now briefly consider the steps by which domestic races
have been produced, cither from one or from several allied species.
Some effect. may be attributed to the direct and definite action of
the external conditions of lfe, and some to habit; but he would b
a bold man who would account by such agencies for the differences
‘between a dray and race horse, a greyhound and bloodhound, a car-
rier 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 bim have probably atisen 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 con-
trivance, is only a variety of the wild Dipsacus; and this amount
of change may have suddenly arisen in a seedling. o it has pro~
bably been with the turnspit dog; and this is known to have been
the case with the ancon sheep. But when we compare the dray-
horse and race-horse, the dromedary and camel, the various breeds
of sheep fitted either for cultivated land or mountain pasture, with
the wool of one breed good for one purpose, and that of another

E breed for another purpose; when we compare the many breeds of

3 dogs, each good for man in different ways ; when we comparo the
‘game-cock, 5o pertinacious in battle, with other breeds so little quar-
relsome, with “ everlasting layers” which never desiro to sit, w
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 m: i i 0
beautiful in his eyes, we must, I think, look further then to mere
variability. We cannot suppose that all the breeds were suddenly
produced as perfect and as usefol as we now see them; indeed, i
‘many cases, we know that this has not been their history. Tho
Key is man's power of accumulative selection : nature gives succes-
sive variations; man adds them up in certain directions useful o
m\;.d In this sense he may be said to have made for himself useful
breeds.

The great power of this principle of seleotion is not hypothetical:
It is certain that several of our eminent breeders have, even within
a single lifetime, modified to a large extent their breeds of cattle and
sheep. Tn order fully to realise what they have done, it is almost
necessary to read several of the many treatises devoted to this sub-
jeet, and to inspect the animals, Breeders habitually speak of an
animal’s organisation as something plastic, which they can m

Darwin Online: By permission of the Trustees of the Natural History Mus
o



Cuar. L Selection by Man. 23

almos a ey pless, 16 T had space T could quote numerous pas-
sages to this effect from highly competent authorities. Youatt,
who was pmb-bly better aequainted with the works of agriculturists
than almost any other individual, and who was himsel(  very good
judge of auimals, speaks of the principle of selection as * that which
cnables the agriculturist, not only to modify the character of his
flock, but to change it altogether. 1t is the magician's wand, by
meats of which ho may summon ino life whatever form and mould
Jie pleases” Lord Somerville, speaking of what brecders have done
for sheep, says :—4It would scem as if they had chalked out upon.
a wall o form perfect in itself, and then had given it existence” 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, 8o that the very best may
ultimately be selected for brecding.

What English breeders have actually effected is proved by the
enormous prices given for animals with a good pedigree; and theso
have been exported to almost every er of the world. The
improvement is by no means generally due to crossing different
breeds; all tho best breeders aro strongly opposed. to this praciice,
«exeept sometimes amongst closely allied sub-breeds, And when a
eross has been made, the closest selection is far more indispensable
«even than in ordinary cases. If selection consisted merely in sepa-
rating some very distinet varicty, and breeding from it, the pnmple
would be so obvious as hardly to be worth notice; but import~
ance consists in. tho great ofich produced. by the acoumnlation in
one direction, during successive generations, of ifferences absolutely
inappreciable by an uneducated eye—differences which I for one.
ave vainly attempted to appreciate. Not one man in a thousand

breeder. I gifted with these qualitics, and e studies his subject
for years, aud devotes his lifetime to it with indomitable perse-
verance, he will succeed, and may make great improvements; if he
wants any of these qualities, he will assuredly fail. Few would
eadily believe in the natural capacity and years of practice requisite
10 become even a skilful pigeon-fancier.

The same principles are followed by horticulturists; but the vari-
ations are here often more abrapt. No ome supposes that our
choicest productions have becn produced by a single variation from.
the aboriginal stock. We bave proofs that this has not been so in
-several cases in which exact records have been kept; thus, to give u
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very trifling instance, the steadily-increasing sizo of the common
gooseberry may be quoted.  We sce an astonishing improvement in.
‘many florists’ flowers, when the flowers of the present day are com=
pared with drawings made only twenty or thirty years ago. When
a race of plants is once pretty well established, the sced-raisers do
not. pick out tho best plants, but merely go over their seed-beds,
and pull up the “rogues,” y call the plants that deviate
from the proper standard. With animals this kind of selection is,
in faot, likewiso followed ; for hardly any one is so careless as to.
Dreed from his worst animals.

In rogard to plants, there is another means of observing the
cenmulated effects of selection—namely, by comparing the diver
sity of flowers in the different varioties 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 varietics; and the diversity of fruit of the samo.
species in the orchard, in comparison with the leaves and flowers
of the same set of varietics. Sce how difforent the leaves of the
cabibage 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 diffe-
rences, It is not that the varioties which differ largely in some one
point do not differ at all in other points; this is hardly ever,—L
spealk after careful observation,—perhaps never, the case. The law
of correlated variation, the importance of which should never be
overloosed, will ensure some differences ; but, as @ general rule, it
cannot be doubted that the continued selection of slight variations,
cither in the leaves, the flowers, or the fruit, will produce races dit-
fering from each other chiefly in these characters.

16 may be objected that the principlo of selection has been
reduced o methodical practice for scarcely more than three-quarters
of a centufy; it has certainly been more attended to of late years,
and many treatises bave been published on the subject; and the
result Las been, in a corresponding degree, rapid and important.
But it s very far from true that the principle is a modern discovery.
1 could give several references to works of high antiquity, in which:
the full importance of the principle is acknowledged, In rude and:
barbarous periods of English history choico animals were often im-
ported, 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 prin-
ciple of seleetion I find distinetly given in an ancient Chinese ency~

E:
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clopedia.  Fxplicit 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 period attended to.
‘Savages now sometimes cross their dogs with wild canine aninials,.
to improve the breed, and they formerly did so, as is attested b
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 states that good domestic breeds are highly
valued by the negroes in the interior of Africa who have not associ-
ated with Europeans. Some of these fucts 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. 1t would, indecd, have been a strange fact, had.
attention not been paid to breeding, for the inheritance of good and:
Tad qualities is 5o obvious.

Unconscious Selection.

At the present time, eminent breeders try by methodical selection,
with a distinct object in view, to make  new strain or sub-breed,
superior to anything of the kind in the country. But, for our pur-
pose, a form. of Selction, which may be called Unconscious, and.
which results from every one trying to possess and breed from the
Test individual animals, is more important. Thus, & 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 alter Treed. Neverthe-
less wo may infer that this process, continued during centurics,
would improve and modify any brecd, in the same way as Bale--
well, Collins, &e., by this very sume process, only carried on more
methodically, did greatly modify, even during their lifetimes, the
forms and qualities of their cattle. Slow and insensible changes of
this kind can never be recognised unless actual measurements or
careful drawings of the breeds in question have been made long ago,
which may serve for comparison. In some cases, however, un-
changed, or but little changed individuals of the same breed exist
in less civilised districts, where the breed has boen less improved.
There is reason to believe that King Charles's spaniel has becn un-.
consciously 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
38, it i believed, been chiefly effected by crosses with the foxhound

&

Darwin Online: By permission of the Trustees of the Natural History Museurn
(London).
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Tut what concerns us is, that the chango has been effected uncon-
sciously and gradually, and yet so effcctually, that, though the old
Spanish pointer certainly came from Spain, Mr. Borrow has not seen,
25 T am informed by him, any native dog in Spain like our pointer.

By a similar process of sclection, and by careful training, English
secchorses have como to surpass in flectness and size the parent
Arabs, 5o that the latter, by the rogulations for the Goodwood Races,
are favoured in the weights which they carry. Lord Spencer and
others have shown how the cattle of England have increased in
weight and in early maturity, compared with the stock formerly
Kept in this country. By comparing the accounts given in various
old treatises of the former and present stato of carrier and tumbler
‘pigeons in Britain, India, and Persia, we can traco the stages through
which they bave insensibly passed, and come to differ so greatly
from the rock-pigeon.

Youatt gives an excellent illustration of the effects of a course of
scleotion, which may bé considered as unconscious, in so far that the
breeders could never have expected, or even wished, to produce
the result which ensued—namely, the production of two distinct
strains. . The two flocks of Leicester sheep kept by Mr. Buckley
and Mr. Burgess, s Mr. Youatt remarks, “ have been purely bred
ftom 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.”

1 there exist savages so barbarous as never to think of the inherited
character of the offspring of their domestic animals, yet any ono
animal particularly useful to them, for any special purpose, would
be carefully preserved during famines and other accidents, to which
savages are 5o liable, and such choice animals would thus generally
leave more offspring than the inferior ones so that in this case
thero would be a kind of unconscious selection going on. We seo
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 valuo than their dogs.

Tn plants the same gradual process of improvement, throush the
occasional preservation of the best individuals, whether or not
sufficiently distinct to be ranled at their first appearance as distinct
varicties, and whether or not two or more species or races have
ecome blended together by crossing, may plaiuly be recognised in.
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the increased size and beauty which we now see in the varietics of
the heartsease, rose, pelargonium, dahlia, and other plants, when
compared with tho older varieties o with their parent-stocks. No
one would ever expect to_get a first-rate hearsease or dablia from
the sced of a wild plant. No cne would expect to maise a first-rate
melting pear from the seed of the wild pear, though he might
succeed from o poor seedling growing wild, if it had come from n
garden-stock, The pear, though cultivated in classical times,
appears, from Pliny's description, to have been a fruit of very
inferior quality. I have seen great surprise expressed in horti-
cultural works at the wonderful skill of gardeners, in having pro-
duced such splendid results from such poor materials; but the ar;
has been simple, and, as far as the final result s concerned, has
been followed. almost. unconsciously. It has consisted in always
cultivating the best known variety, sowing its sceds, and, when a
slightly better variety chanced to appear, selecting it, and so on-
wards, But the gardeners of the classical period, who cultivated
the best pears which they could procure, never thought what
splendid fruit 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.

larzo amount of change, thus slowly and unconscionsly ac-
<cumnlated, explains, as T belicve, the well-known fact, that in &
number of cases we cannot recognise, and therefore do not know,
the wild parent-stocks of the plants which Lave been longest cultic
vated in our flower and kitchen gardens. If it has taken centuries
or thousands of years to improve or modify most of our plants up to
their present standard of usefulness to man, we can understand how
it is that neither Australia, the Cape of Good Hope, nor any other
sogion inhabited by quite uncivilised man, has aforded us @ singlo
plat worth culture. It is not that these countries, 5o rich in specics,
do not by a strango chance possess the aboriginal stocks of any use-
ful plants, but that the native plants have not been improved by
<ontinued selection up to a standard of perfection comparable with
that acquired by the plants in countrics anciently civilised.

In regard to the domestic animals kept by uncivilised man, it
should ot bo overlooked that they almost always have to struggle
for their own food, at least during certain seasons. And in two
‘countries very differently circumstanced, individuals of the same
species, baving slightly different constitutions or structure, would

ucceed better in the one country than in the other; and thus
'Y & process of “natural selection,” as will hereafter be more fully
explained, two sub-breeds might bo formed. This, ‘perhaps, partly
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explains why the varieties kept by savages, as lis been remarked
by some authors, have more of the character of true species than the
varieties kept in civilised countri < -

On the view here given of the 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
fo maw's wants or fancics. We can, I think, further understand the
frequently abuormal character of our domestic races, and likewiso
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 difficulty, any deviation of structure excepting such
as is externally visible; and indeed ho rarely carcs for what is
internal, He can never act by sclection, 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 o
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
appeared, the more likely it would be to catch his attention. But
to uso such au expression as trying to make a fantail, is, I have no-
doubt, in most cases, utterly incorrect., The man who first selected
a pigeon with a slightly larger tail, never dreamed what the descend-
ants of that pigeon would become through long-continued, partly
unconscious and partly methodical, selection. Perhaps the parent-
Dird of all funtails had only fourteen tail-feathers somewhat expanded,,
like the present Java fantail, or like individuals of other and distinct
breods, in which as many as seventeen tail-fenthers have been
counted. Perhaps the first pouter-pigeon did not inflae its crop:
much more than the turbit now does the upper part of its @so--
phagus,—a habit which is disrezarded 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 catch the fancier’s eyo: he perceives ex-
tremely small differences, and it is in human nature to value any
novelty, however slight, in one’s own possession. Nor must the
value which would formerly have been set on any slight differences
in the iudividuals of the same species, be judged of by the value
which is now set on them, after several breeds have fairly been
established. 1t is known that with pigeons many slight varintions.
now occasionally appear, but these are rejected as faults or devia
tions from the standard of perfection in each breed. The common.
woose has not given rise to any marked varieties; hence the Tou-
Jouse and the common breed, which differ only in colour, #hat moss
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feeting of characters, hav lately been exhibited as distinct at our
-shows,
s views appear to explan what hss sometimes bosn noticed
—namely, that we know hardly anything about the origi or histor
of any of our domestic breeds. But, in fact, a brced, mo S
of a language, can hardly be said to have a distinct ori
preserves and breeds from an individual with some slght deviation
of structure, or takes more care than usual in nmtchmg his best
animals, and thus improves thrs, i the fmproved aninls slovly
spread. in the immediate neighbourhood. Bt th as yet
hardly bave a distinct name, and from being only slwhtly i
their history will have been disregarded. When further improved
by the same slow and gradual process, they will spread more widely,
and will be recoguised as something distinct and valuable, and will
then probably first receivo o provincial name, In_semi-civilised
countries, with little free communication, the spreading of a new
sub-breed would be a slow process.~ As soon as the points of value
are once acknowledged, the principle, as I have called it, of un-
consefous selcction will always tond,—perliaps more at one period
than at another,as the breed rises or folls in fashion,—perhaps moro
in one district than in another, according to the state of civilisation
of the inhabitants,—slowly to add to the charcteristic features of
the breed, whatever they mnay be. But the chance will be infinitely
small of any record having been preserved of such slow, varying,
and insensible changes.

Circumstances fuvourae to Mar's Pover of Sclection.

T will now say a few words on the circumstances, favourable, or
the reverse, to man's power of sclection. A high degree of vari-
ability is obviously favourable, as freely giving the materials for
sclection to work on; not that mero individual diffrences ar nok
amply sufficient, with extres allow of the accumulation
ofs legs bt of moTifoation 1 almost any desived diection.
But as variations manifestly r pleasing to man appear
anly occsionally tho chance of tholr appeamnco wi
increased by a large number of individuals being kept. H:-,ncc.
number is of the highest importance for succes: inciple
Marshall formerly remarked, with respect to the sheep of part of
Yorkshircy as they generally belon to poor people, and are mostly
i small lots, they never can be improved.” On the other hand,
urserymen, from keeping large stocks of the same plant, are gener..
ally far more successful than amateurs in raising new and valuable
varieties. - A large number of individuals of an aniral or plant can
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o reared only where the conditions for its propagati
;\c. When z{m individuals are scanty, all will be allowed to breed,
whatever their quality may be, and this will eflectually prevent
selection, But probably the most important element is that the
animal or plant should be so highly valued by man, that the closest
attention is paid to even the slightest deviations in its qualities or
structure, Unless such attention be paid nothing can be effected.
T have seen it gravely remarked, that it was most fortunate that
the strawberry bogan to vary just when gardeners began to attend
to this plant. No doubt tho strawberry had always varied sinco.
it was cultivated, but the slight varieties had been neglected.  As.
s0om, however, as gardencrs picked out individual plants with
slightly largor, carlier, or better fruit, and raised seedlings from
them, and again picked out the best seedlings and bred from them,
then (with some aid by crossing distinct species) those many
admirablo varieties of the strawberry were raised which have ap-
‘peared during the last half-century.

With animals, facility in_preventing crosses is an important
clement in_the formation of new races,—at least, in a country
which is already stocked with other races. In this respect en-
closure of the land plays a part. Wandering savages or the in-
habitants 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 cir-
cumstance must have largely favoured the formation of new breeds.
Pigeons, I may add, can be propagated in great numbers and at o
very quick rate, and inferior birds may be freely rejected, as when
killed they serve for food. On the other hand, cats, from their
nocturnal rambling habits, cannot be easily matched, and, although
50 much valued by women and children, we rarely sce a distinct
Dreed long 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
zarity or absence of distinct breeds of the cat, the donkey, peacock,
goose, &e., may bo 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 fow being kept by poor people, and littlo.
attention 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 peacocks, from not
being very easily reared and a large stock not kept: in geese, from:
Deing valuable only for two purposes, food and feathers, and more.

B
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Cuar.
o i olt lay of distinct
pecally from po pleasars baving been el in tho display o
iy b o i e gyt
when domesticated, scems to have a singularly inflexible organisa-
tion, though it bas varied o o slight extent, as I have clsewhere

S i e Y of variation in
our domestio productions is soon reached, and can never afterwards
bo exceeded. Tt would be somewhat rash to assert that the limit
has been attained in any one case; for almost all our animals and
plants have been greatly improved in many ways within a recent
period ; and this implies variation. It would be equally rash to
assert that characters now increased to their utmost limit, could.
not, after remaining fixed for many centuries, again vary under
new conditions of life. No doub, as Mr. Wallace has remarked
with much trath, o limit will bo at last reached. For instance,
there must be a limit to the fleetness of any terrestrial animal, as
this will be determined by the friction to be overcome, the weight
of bady to be carried, and the power of contraction in the muscular
fibres.” But what concerns us is that the domestic varicties of tho
same speces differfrom each other in almost every character, which
man has attended to and selected, more than do the distinct species
of the same genera. Isidore Geoffroy St. Hilaire has proved this in.
regard to size, and 50 it is with colonr and probably with the length
of hair.  With respect to fieetness, which depends on many bodily
characters, Felipso was far flecter, and a dray-horse is incomparably
stronger than any two natural species belonging to the samo
genus. 80 with plants, the seeds of the different varieties of the
bean or maize probably differ more in size, than do the seeds of
the distinet species in any one genus in the same two familics.
‘The same remark holds good in regard to the fruit of the several
varietics of the plum, and still more strongly with the melon, as
well as in many other analogous cases.

o sum up on the origin of our domestic races of animals and
plants. Changed conditions of life are of the highest importance in
causing variability, both. by acting dircctly on the orzanisation, and
indircetly by affecting the reproductive system. It is not probable
that variability is an inberent and necessary contingent, under all
ciroumstances. The greater or less force of inheritanco and. rever-
sion determine whether variations shall endure,  Variability is.
govermed by many unknown laws, of which correiated growtl, is
Drobably the most important. Something, but how much we do
not kuow, may be attributed to the definite action of the conditions
of life. Some, perhaps a great, offect may be attributed {o the
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increased use or disuse of parts. The final resuit is thus rondered
tely comple: In some cases the intercrossing of aborigi
distinet species appears to have played an important part in the
origin of our breeds. When several breeds have ouce been formed
in any country, their occasional intercrossing, with the aid of selce-
o, s, mo. doub, largely aided in the formation of new sub-
Dreeds; but the importance of crossing has been much exaggerated,
Toth in regard to animals and to those plants which are pro-
ith plants which aro temporarily propagatel
by cuttings, buds, &e., the importance of crossing is immense; for
the cultivator may here disregard the extreme variability both of
hybrids and of mongrels, and the sterility of hybrids; but plants
not propagated by seed arc of little importance to us, for their
endurance is only temporary. Over all these causes of Change, the
accumulative action of Selection, whether applied methodically and
quickly, or unconsciously and slowly but more efficiently, seems to
dhave been the predominant Power.

pagated by seed.
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CHAPTER IL

Vantamios vxpEn NATURE.

dividusl differences — Doubtful species —Wide ranging,
uch diffused, and common species, vary most — Species of the larger

varieties in being very closely, but unequally, related to each other,
and in having restricted ranges.

Tevous applying the principles arrived at in tho last chapter to
organio beings in a state of nature, we must briefly discuss whether
these latter are subject to any variation. To treat this subject
properly, a lon catalogue of dry facts ough o b given; but theso
W e T RO T
various efinitions which have been given of the term speci
one definition has satisfied all naturalists; yet every nammhst,
knows vaguely what ho means when ho speaks of n speoics.
Generally the term includes the unknown element of a distinct
act of creation. Tho term “ variety ” is almost equally difficult

re called monstrosities ; but they graduate into variotics.
4 monstrosity I presume is meant some considerable deviation of
structure, generally injurious, or not useful to the species. Somo
authors use the term. “ variation ” in a technical sense, as imply
a modification directly due to the physical conditions of life; and
“variations” in this sense are supposed not to be inherited ; but
who can say that the dwarfed condition of shells in the brackish
‘waters of the Baltic, or dwarfed plants on Alpine summits, or the
thicker fur of an animal from far northwards, would not in' somo
cases be iuherited for at least a fow generations ? and in this cnse I
‘presume that the form would be called a variety.

1t may be doubted whether sudden and considerable deviations
of structure such as we occasionally see in our domestic productions,
more especially with plants, are ever pcrmmenlly propagated in a
stato of uature. Almost every part of every organic being is so
beautifully related to its complex B SR
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improbulle that any part should have been suddenly produced
perfect, as that a complex machino should have been invented by
Taan it a perfoct state. Under domestication monstrosities some-
times occur which resemble normal structures in widely different
animals. Thus pigs have occasionally been born with a sort of
proboscis, and if any wild species of the same genus had naturally
possessed a proboscis, it might have been argued that this had
‘appeared as  monstrosity} but T have as yet failed to find, after
diligent scarch, cases of monstrosities resambling normal structures
in nearly allied forms, and theso alone bear on the question. If
monstrous forms of this kind ever do appear in a state of nature and
are capable of reproduction (which is not always the case), as they
oceur rarely and singly, their preservation would depend on
unusually favourable circumstances. They would, also, during the
first and succeeding genorations eross with the ordinary form, and
thus their abnormal character would almost inevitably be lost.
But 1 shall have to return in a future chapter to the preservation
and perpetuation of single or oceasional variations.

Individual Differences

The many slight differences which appear in the offspring fram
the same parents, or which it may be presumed have thus arisen,
from being observed in the individuals of the same species in-
habiting the same confined locality, may be called individul
differences, No one supposes that all the individuals of the sune
ies aro cast in the same actual mould. These individual
differences are of the highest importance for us, for they are often
inkeritod, as must be funiliar to every one; and they thus afford
materials for natoral selection to act on and accumulate, in the
samo manner as man accumulates in any given direction individual
differences in his domesticated productions. These individual
differences generally affect what naturalists consider unimportant
parts; but I could show by a long catalogue of facts, that parts
which must be called important, whether viewed under a physio-
logical or classificatory point of view, sometimes vary in the
individuals of the same species. 1 am convinced that the most
experienced naturalist would be surprised at the number of the
cases of variability, even in important parts of structure, which be
could callect on good authority, as I have collected, during & course
of years. It should be remembered that systematists are far from
being pleased at finding variability in importaut and
that there aro not many men who will Iaboriously examine inermal
and important orgaus, and compare them in many specimens of
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o species. It would mever Liave been expected that the
e eaine of tho. main mrves closoto the great central ganglion of
an insect would have been variable in the same species ; it might
Jave been thought that changes of this mature could have beon
offceted. only by slow degrees ; yet Sir J. Lubbock has shown a
degres of variability in theso 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 shown that the
muscles in the larve of certain insects are far from uniform.
‘Authors sometimes argue in a circle when they state that important
organs mover vary ; for, these same authors practically rank thoso
parts as important (as sbrhe fow naturalists have honestly confesséd)
‘which do not vary ; and, under this point of view, no fnstance will
ver bo found of an important part varying ; but under any other
point of view many instances assuredly can be given.

"There is ono point connected with individual differences, which is
Trefer to those genera which have been called

“ protean * or “ polymorphic,” in which the specics present an inor-

dinate amount of variation.  With Tespect to many of these forms,
hardly two naturalists azree whether to rank them s specics or 2
varieties. We may instanco Rubus, Rosa, and Hieracium amongst
plants, several genera of inscets and of Brachiopod shells. In most
polymorphic genera some of the species have fixed and definite
characters. Genera which are polymorphic in one country seem to.
e, with a fow exceptions, polymorphic in ofher counties, and lik
wise, judging from Brachiopod shells, at former periods of time.
These facts are very perplexing, for they scem to show that this

ind of variability is independent of the conditions of life. I am
inclined to suspect that we sec, at least in someof these polymorphic
gener, variations which are of no service or disservice to the species,
and which consequently have not been scized on and rendered definite
by natural selection, as hereafter to be explained.

Individuals of the same species often present, as is known to
every one, great differences of structure, independently of variation,
4 in the wo sexes of various animals, in_the two or three castes of
sterile females or workers amongst inscets, and in the immature and
larval states of many of the lower animals. Thero are, also, cases
of dimorphism and trimorphism, both with animals and plants.
Thus, Mr, ‘Wallace, who has lately called attention to the subject,

a5 shown that the fomales of certain species of butterfics in tho
Malayan archipelazo, regularly appear under two or cven throo

G B EaeRen,

disting
itz Milller has deseribed analogous but moro extraordinary cases
2
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with the males of certain Brozilian Crustaceans: thus, the male.
of @ Tanais regularly occurs under two distinct forms; ono of
theso has strong and differently shaped pincers, and the other has
antennm much more abundantly fumnished with smelling-hairs,
Although in most of these cases, the two or three forms, both
With animals and plants, are not now connected by intermediate
gradations, it is probable that they were once thus connected.
Mr. Wallace, for instance, describes a certain butterfly which pre-
sents in the same island a great range of varieties connected by
intormediate links, and the extreme links of the chain closcly
rosemblo the two forms of an allied dimorphic specics inhabiting
another part of the Malay archipelago. Thus also with ants, the
several worker-castes are generally quite distinct; but in some cases,
as we shall hereafter see, the castes are connected tegether by fincly
graduated varieties. So it is, as I have myself observed, with some
dimorphic plants. It certainly at first appears a highly remarkablo
fact that the same female butterfly should have the power of pro-
ducing at the same time three distinct female forms and a male;
and that an hermaphrodite plant should produce from the same
sced-capsule three distinet hermaphrodite forms, bearing - threo
different kinds of fomales and three or even six different kinds
of males. Novertheless these cases are only exaggerations of the
common fact that, the female produces offspring of two sexes which
sometimes differ from each other in a wonderful manner.

Doubtful Species.

The forms which possess in some considerable degree the cha-
racter of species, but which are 5o closely similar to other forms, or
are o closely linked to them by intermediate gradations, that
naturalists do not like to rank them as distinct specics, are in
soveral. respects the most important, for us. We have every
reason to believe that many of theso doubtful and closely allied
forms have permanently retained their characters for a long
time; for as long, as far as we know, as have and truo
species.  Practically, when a naturalist can unite by means of
intermediate links any two forms, he treats the one as a varety
of the other { ranking the most common, but sometimes the one
first described, as the species, and the other as the variety.
But cnses of, great diffiulty, which I will not here enumente,
‘sometimes arise in deciding whether or not to rank one form as &
variety of another, even when they are closely connected by inter=
‘mediate links; nor will the commonly-assumed hybrid nature of
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¢ho intermedinte forms always remove the diffculty. Invery many
cases, however, one form is ranked as o variety of another, not
becanse the intermediate links have actually ‘been found, but
hecause analogy leads tho observer to suppose either that they do
now somewhero exist, or may formerly have existed ; aud here o
wide door for the entry of doubt and conjecture is opencd.
THence, in determining whether a form. should be ranked as a
specios or a variety, the opinion of naturalists having sound judg-
‘ment and wide experience seems the only guide to follow. We
must, however, in many cases, decide by @ majority of naturalists,
for few well-marked and well-known varieties can be named which
have not been ranked as species by at least some competent
judges.
¥ st varieties of this doubtful nature are far from wncommon
‘cannot be disputed. Comparo the several floras of Great Britain, of
France, or of the United States, drawn' up by different botanists,
and sec what a surprising number of forms have been ranked by
one botanist as good species, and by another as mere varioties.
Mr. H. C. Watson, to whom I lie under decp obligation for assistance
of all kinds, has marked for me 182 British plants, which arc
generally considered as varictics, but which have all been ranked
by botanists as species; and in making this list he has omitted
many trifling vrieties, but which nevertheless have becn ranked
by some botanists as specics, and he has cntirely omitted several
highly polymorphic genera. Under genera, including the most
polymorphic forms, Mr. Babington gives 251 specics, whereas
M. Bentham gives only 112,—a difference of 139 doubtful forms !
Amongst animals which unite for cach birth, and which are highly
locomative, doubtful forms, ranked by one zoologist as a species and
by another as a variety, can rarely be found within the same
comtry, but are common in separated areas, How many of the
birds and insects in North America and Europe, which differ
very slightly from cach other, have been ranked by one eminent
naturalist as undoubted. specics, and by another as varietics, or, a5
they are often called, geographical races!  Mr. Wallace, in several
valuablo papers on the various animals, especially on the Lepi-
dopters, inbabiting the islands of the great Malayan archipelago,
shows that they may be classed under four heads, namely, as vari-
able forms, as local forms, s geographical races or sub-species, and.
4 truo ropresentative species. The first or variablo forms vary
much within the limits of the same island. The local forms
are moderately constant and distinct in each soparate island ; bt
when all from the soveral islands are compared together, the dif-
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ferences are seen to,be so slight and gradusted, that it is impossible
to define or describe them, though at the same time the extremo
forms are sufficiently distinct. The geographical races or sub-specics
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 possiblo test but_individual opinion to determine
which of them sball be considered as species and which as varieties.”
Lastly, representative_specios fl the same place in tho natural
economy of each. island as do the local forms and sub-species; but
as they are distinguished from cach other by a greater amount of
difference than that between tho local forms and sub-species, they
are almost universally ranked by naturalists as true species. Never-
theless, no certain criterion can possibly be given by which variable
forms, local forms, stb-species, and representative species can bo
recognised.

Many years ago, when comparing, and seeing others compare, the
birds from the closély neighbouring islands of the Galapagos archi-
pelago, one with another, and with thoso from tho American main-
land, I was much struck how entirely vague and arbitrary is the
distinction between species and varicties. On the islets of the
liitle Madeira group there are many insects which are charac-
terized as varieties in Mr. Wollaston's admirable work, but
which would certainly be ranked as distinct species by many
entomologists. Even Ireland has a fow animals, now generally
rogarded as varioties, but which have been ranked as species
by somo zoclogists. Several experienced ornithologists consider
our British red grouse as only a strongly-marked race of &
Norwegian species, whereas the greater number rank it as an
undoubted species peculiar to Great Britain. A wido distande

asked, will suffice; if that between America and Buropo is ample,
will that between Europe and the Azores, or Madeira, or the
Canarics, or betwocn. the several islets of these small archipelagos,
be suffcient ?

Mr. B. D. Walsh, a distinguished entomologist of the United
States, has deseribed what ho calls Phytophagic varieties and Phy-
tophagic species. Most vegetable-foeding insects live on one kind.
of plant or on cne group of plants ; some feed indiscriminately on
many kinds, but do not in consequence vary. In several

by Mr. Walsh to prosent in their larval or maturo state, or in both
states, slight, though constant differences in colour, size, or in the
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their sccretions. Tn some instances tho malés alone, in
e both males and.femals, have been.olserved. thus
to diffr in a slight degree. When the differcnces are ratber moro
strongly marked, and when both sexes and all ages are affected, the
forms are ranked by all entomologists as good species. But no
observer can determine for another, even if he can do.so for himself,
which of these Phytophagic forms ought to bo. called. species and.
which varietics. Mr. Walsh anks tho forms which it may
supposed would freely intercross, s varieties and those which
appear to have lost this poweryas specics. As ho differences depend.
on the insects having long fed on distinct plants, it cannot bo
expected that intermediate links connecting the several forms should.
uow be found. The naturalist thus loses Lis best guide in deter-
mining whether to rank doubtful forms as varieties or species. This
likewise necessarily occurs with closely allied crgunisms, which
inhabit distinct continents or islands. When, on the other hand,
an animal or plant ranges over the same continent, or inbabits many
islands in the same archipelago, and presents different forms in the
fferent, arcas, thero is always &' good chance that intermediate
forms will bo discovered which will link together the extreme
states; and these aro then degraded to the,rauk of varieties.
‘Some few naturalists maintain that animals never present varie-
ties; but then these same naturalists rank the slightest difforence
a8 of specific'value; and when the same identical form is met with
in two distant countries, or in two geological formations, they
believe that two distinet specics aro hidden under the same dress.
The term species thus comes to be a mere useless abstraction, im-
plying and assuming a separate act of ereation. It is certain that
many forms, considered. by highly-competent judges to bo varioties,
resemublo specics s0 completely in character, that they have been thus
ranked by other highly-competent judges. But to discuss whether
they ought to be called species or varicties, 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 interosting lines of argument,
from geogmphical distribution, analogical variation, bybridism, &o.,
have been brought to bear in the attempt to determine their rank ;
but space does not here permit. me to discuss them. Close investi-
gation, in many cases, will no doubt bring naturalists to agree how
to rank doubtful forms. Yot it must be confessed that it is in the
T kvown, comnires that wo find. the greatest mumber of themn.
M;;l been struck with the fact, that if any animal or plant in a
nature be highly useful to man, o from any cause closely
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attracts his attention, varicties of it will almost wniversally b
found recorded. These varieties, morcover, 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 by
other botanists to be varieties; and in this country the highest
botanical authorities and practical men can be quoted to show that
the sessile and pedunculated oaks are cither good and distinct species
or mro varietics.

T may here allnde to o remarkable memoir lately published by
A. do Candolle, on the caks of the whole world. No one ever had
more ample materials for the discrimination of the species, or could
Tave worked on them with more zeal and sagacity. He first gives
in detail all the many points of structure which vary in the several
specios, and_cstimates numerically the relative frequency of the
variations. He specifics above o dozen characters which may be
found varying even on the same branch, sometimes according to

o or dovelopment, sometimes without any assignable Teason.
Such characters are ot of course of specific value, but they are, as
Asa Gray has remarked in commenting on this memoir, such &
generally euter into specific definitions. De Candolle then goes on
10 say that he gives the rank of specics to the forms that differ by
characters mever varying on the same tree, and never found con-
mected by intermediate states.  After this discussion, the result of
50 much labour, he emphatically remarks : “They aro mistaken,
who repeat that the greator part of our species are clearly limited,
and that the doubtful species are in a fecble minority. This seemed
o e true, 50 long s a genus was imperfeotly known, and its species
‘were founded upon a few specimens, that is {o 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 of spon-
tancous varieties and sub-varieties. Thus Quercus robur has twenty-
cight varietics, all of which, excepting six, are clustered round threo
sub-species, namly, Q. pdunculata, sessilifiora, and pubescens.
Lho forms which connect these three sub-species are comparatively’
fare; and, as Asa Gray again remarks, if theso connecting forms,
which are now xare, were: £0 become wholly extinet, the three sub-
spocies would lold exactly the same relation to each other, as d0
the four or five provisionally admitted species which oloscly sur-
round tho typical Quercus robur, Finally, De Candolle admits
that ont of the 300 species, which will bo enumerated in his Pro-
dromus as belonging to the oaks family, at least two-thirds aro
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povisional species, that i, e not kmown strctly to fulfll the dei-
Do above given of & true species. It should bo added that De
Candolle no longer believes that species are immutable creations, but
conclades that the derivative theory s the most natural one, “and.
tho most. accordant with the known facts in palzontology, goo-
eraphical botany and. zoology, of anatomical structure and classifi-
0

al\)‘olhen a young naturalist commences the study of a group of
oxgnisms quite wnknown to bim, he is at first much perplexed in
determining what differences to_consider as specific, and. what as
arietal; for he knows nothing of the amount and kind of variation
1o which the group is subject; and this shows, at least, how very
gonerally there 3 some variation. But if he confine his attention
%o one class within one country, hie will. soon. make up his mind
how to xank most of the doubtfal forms, His general tendency
will o 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 continually studying; and
he has little general knowledge of analogical variation in other
roups and in other countries, by which to correct his first impres-
sions. As he extends the range of his observations, he will meet
with more cases of difficulty; for he will encounter a greator
number of closely-allied forms. But if his observations be widely
extended, he will in the end generally be able to make up his own
mind ; bub ho will succeed in this at the expense of admitting much
variation,—and the truth of this admission will often be disputed
by other naturalists. When he comes to study allied forms brought
from countries not now continuous, in which case he cannot hope.
to find intermediate links, he will be compelled to trust almost
‘entirely to analogy, and his difficulties will rise to a climax.

Certainly no clear line of demarcation has as yet been drawn
Tetween 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 Tank of specics: or, again, between sub-species and
well-marked varieties, or between lesser varioties and individual dif-
forences. These differences blend into each other by an insensible
series; and & series impresses the mind with the idea of an actual
Dassage.

Henee I look at individual differences, though of small interest to
the systematist, as of the highest importance for us, as bein;
first steps towards such slight varicties as are barcly thought worth
recording in works on natural history. And 1 look at varieties
which are in any degree more distinct and permanent, as steps

Danwin Online: By permission of the Trustees of the Natural History Museum
(London).



42 Dominant Species vary most. Crar. 1L

towards more strongly-marked and permanent varietics ; and at the
latter, as leading to sub-species, and then to species. The passago
from one stage of difference to another may, in many cases, be the
simple result of the nature of the organism and of the different
physical conditions to which it has long been exposed ; but with
respect to the more important and adaptive characters, the passago
from one stage of difference to another, may be safely attributed to
the cumulative action of natural selection, hereafter to be explained,
and to the effects of the inoreased use or disuse of parts. A well-
marked variety may therefore be called an incipient species; but
whether this belicf i justifisblo must be judged by the weight
of the various facts and considerations to be given throughout this
work.

Tt need not be supposed that all varietios or incipient species
attain the rank of species. They may become extinct, 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 certuin fossil land-
shells in Madeira, and with plants by Gaston de Saporta. Ifa
variety were to fourish 50 88 to exceed in numbers the parent
species, it would them rank as the species, and the specios as the
varicty ; or it might come to supplant and_ exterminate the parent,
species; or both might co-exist, aud both rank as independent
species, But we shall hereafter return to this subject.

Trom these remarks it will be seen that I look at the term species
as one arbitrarily given, for the sake of convenience, to a sob of
individuals closely resembling each other, and that it does not
essentially differ from the term varicty, which is given to less
distinct and more fluctuating forms. The term variety, again, in
comparison. with mero individual differences, is also applied arbi-
trarily, for convenience’ sake.

Wide-ranging, much-difused, and common Species vary most.

relations of the species which vary most, by tabulating all the
varicties in several well-worked floras, At first this seemed &
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 shall reserve for a future work
the discussion of these difficulties, and the tables of the proportional
numbers of the varying species. Dr. Hooker permits me to adds
that after having carefully read my manuseript, and examined the
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{ables, ho thinks that the following statements are faiily well esta-
plished. The whole subject, however, treated as it necessarily here
is with much brevity, is rather perplexing, and allusions canzot be-
avoided to the “struggle for existence,” “ divergence of character,”
and other questions, hereafter to be discussed. 3
‘Alphonse de Candolle and others have shown that plants which
have very wide rnges gencrally present varicties; and this might
ave been expected, as they are exposed. to diverse physical condi-
tions, and as they come into competition (which, as wo shall here-
after see, is an equally or more important circumstance) with
different sets of organio beings. But my tables further show that,
in any limited country, the species which are the most common,
that is abound most in individuals, and the specics which aro most
widely diffused within their own country (and this is a different
consideration from wide range, and to a certain extent from com-
‘monness), oftenest give rise to varicties sufficiently well-marked
to have been recorded in botanical works, Hence it is the most
flourishing, or, as they may be called, the dominant species,—those:
which range widely, ar the most diffused in their own country, and
are the most mumerous in individuals,—which oftenest produco
well-marked varieties, or,as T consider them, incipient species. And
this, perhaps, might have been anticipated ; for, s varieties, in
order to becomo in any degree permanent, necessarily have to
struggle with the other inhabitants of the country, the specics which
are already dominant will be the most likely fo yield offspring,
which, though in some slight degreo modified, still inherit those
advantages that enabled their parents to become dominant over
their compatriots. In these remarks on predominance, it should be
understood. that roference s made only to the forms which come
into comptition with cach other, and more especially to the mem-
‘bers of the same genus or class having nearly similar habits of life.
‘With respect to the number of individuals or commonness of
species, the comparison of course relates ouly to tho members
of the same group. One of tho higher plants may be said to bo
dominant if it bo more numerous in individuals and more widely
diffused than the other plants of the same country, which live under
nearly the samo conditions. A plant of this kind is not the less
dominant because some conforva inhabiting the water or some
parasitic fungus is fufinitely more numerous in individuals, and more
widely diffused. But if the conferva or parasitic fungus exceeds its

allies in the above respects, it will then be dominant within its own
class,
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Species of the Larger Genera in each Country vary more frequently
than the Specics of the Smaller Genera.

If the plants inhabiting a country, s described in any Flora, be
divided into two equal masses, all those in the larger genera (i,
those including many specics) being placed on one side, and all
those in the smaller genera on the other side, the former will be
found to include a somewhat larger number of the very common and
wuch diffused or dominant species. This might have been antioi-
pated;; for the mere fact of many species of the same genus inhabit
ing any country, shows that there is something in the orgunic or
inorganic conditions of that country favourable to the genns ; and,
consequently, we might have expected to have found in tho larger
‘genera, or those including many species, a larger proportional number
of dominant species. But so many causes tend to obscure this
result, that I am surprised that my tables show even a small majority
on tho side of the largor genera. I will here allude to only two
causes of obscurity. Fresh-water and salt-loving plants generally
have very wide ranges and are much diffused, but this seems to bo
connected with the nature of the stations 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 sale of organisation are
generally much more widely diffused than plants higher in the scale;
and here again there is no close relation to the size of tho 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
vaieties, T was led to anticipate that the specics of the larger genera
in each country would oftener present varicties, than the species of
the smaller genera ; for wherever many closely related species (i
species of the samo genus) have been formed, many vatieties or
incipient species ought, as a gencral rule, to be now forming.
Where many large trees grow, we expect to find saplings. Whero
many species of a genus have been formed through variation, cir-
cumstances have been favourable for variation ; and hence we might
expect that the circumstances would generally be still favourable
to vaiation.  On. the other hand, if we look at each species as &
special act of ereation, there is 10 apparent reason why moro
varietics should occur in a group having many species, tha in one
aving few.

To test the truth of ¢his anticipation I have arranged the plants

ies, and the col insects of two districts, into

of pterous insect
“wo nearly equal masses, the specics of the larger genera on one
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e, and thoso of tho smaller geners on the other sido, and it has
fuvariably proved to bo the case that  larger proportion of the
Species on the side of the larger genera presented. varicties, than on
the side of the smaller genera. Moreover, the species of the largo
genera. which. present any varieties, invariably present . larger
veraze number of varieties than do the species of the small genera.
Toth heso results follow when another division is made, and. when
all the least genera, with from only one to four species, are altogether
excluded from the tables. Theso facts are of plain signification on
the viow that species are only strongly-marked and pormanent
Vaisties ; for wherever many species of the sume genus have been.
formed, or where, if we may use the expression, the manufactory of
species has beon active, wo ought generally to find the manufactory
still in action, more especially as we have every reason to ‘Tbelieve-
the process of manufacturing new species to bo a slow one. And
this certainly holds true, if varicties be looked atas incipient species;
for my tables clearly show as a general rule that, wherever many.
specics of @ genus have been formed, the species of that genus
present a number of varicties, that is of incipient species, beyond.
the average. 1t is not that all large gencra 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
50, 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 dissppeared. Al that we want to show
s, that, whero many specics of & genus have been formed, on an.
average many are still forming; and this certainly holds good.

Many of the Species included within the Larger Genera resemble
Varicties in being very closely, but unequally, related to each
ofher, and in having restricted anges.

Thero are other relations between the species of large genera and
their recorded varicties which descrve notice. We have seen that
there s no infallible eriterion by which to distinguish species and
well-marked varieties ; and when intermediate links have not been
found between doubtful forms, naturalists are compelled to come to-
2 determination by the amount of difference between them, jndging
by analogy whether or not the amount suffices to raise one or bot}
10 the ranls of species.  Hence the amount of difference is one very
importaut criterion in. settling whether two forms should bo ranked.
as species or varioties. Now Fries has remarked in regard to plants,
and Westwood in rezard to inseets, that in large genern the amount.
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of difference between the species is often exceedingly small. 1 have
endeavoured to test this numerically by averages, and, as far as my.
imperfect results go, they confirm the view. I have also consulted
some sagacious and experienced observers, and, after deliberation,
they concur in this view. In this respect, therefore, the species
of tho larger genera. resemblo varieties, more than do the species of
the smaller genera. Or the case may be put in another way, and it
may bo said, that in the larger genera, in which a number of varie-
tics or incipient specics greater than the average aro now manufic-
mnng, many of the species already ‘manufactured still to a certain

resemble varictics, for they differ from each other by less
e s

Morcover, the species of the larger genera are related to each
other, in the samo manner as the varieties of any one specics a
celated to each other. No naturalist pretends that all the species of
a genus are equally distinct from each other; they may generally
be divided into sub-genera, or scctions, or lesser groups. As Fries
has well remarked, lttlo groups of species aro gencrally clustered
like satellites around other species. And what are varieties but.
ups of forms, unequally related to cach other, and clustered round
certain forms—that is, round their parent-spocies. Undoubtedly
there is one most important point of difference between varieties
and species ; namely, that the amount of difference between varie-
ties, when compared with each other or with their parent-species, is
‘much loss than that between the species of the same genus. But when
we come to disouss the principle, as I call it, of Divergence of
Character, we shall see how this may bo explained, and how the
Lesser differences between varieties tend to increase into the greater
differences between species.

There s one other point, which is worth notice. Varicties gene-
rally have much restricted ranges: this statement is indeed
scarcely more than a truism, for, if a variety were found to have
‘wider range than that of its supposed parent-species, their denomi-
nations would bo reversed. But there s reason to believe that the
species which are very closely allied to other specics, and in 80 far
resemble varieties, ofien have much restricted ranges. For instance,
Mr. H. C. Watson has marked for mo in the well-sified London
Calalgns o plasks (G edmon) 63 plants which are therein ranked
as specics, but which he considers as 20 lasely allel fojotiee
species as to e of donptil value: these 63 roputed species range
on an average over 69 of the plovmem i which MY. Watson has
divided Great Britain. Now, in this samo Catalogue, 53 acknow-
Todged varetes aro rocorded, and theso range over 77 provinces;
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whereas, the specics to which these varieties belong range over 143
provinces. So that the acknowledged varietics have nearly the sume
Jestricted. average range, as have the closely allied forms, marked
for me by Mr. Watson as doubiful species, but which are almost
universally ranked by British botanists as good and true specics.

Summary.

Tinally, varicties cannot be distinguished from species,—except,
first, by the discovery of intermediate linking forms; and, sccondly,
by a certain indefinite amount of differenco betyveen them ; for two
forms, if differing very little, are generally ranked as varieties, not-
withstanding that they cannot be closely connceted; but the amount
of difference considered necessary {o give to any two forms the rank
of species cannot be defined. In genera having more than the averago
number of species in any country, the species of these genera have
more than the average number of varietics. In large genera the
specics are apt to be closely, but unequally, allied together, forming
little clusters round other species. Species very closely allied to
other species apparently have restricted ranges. In all these respects
the species of large genera present a strong analogy with varieties.
And we can clearly understand these analogies, if species once
existed as varieties, and thus originated ; whereas, these analogies
are utterly inexplicablo if species are independent creations.

We have, also, seen that it s the most flourishing or dominant
species of the larger genera. within each class which on an averge
yield the greatest number of varieties; and varieties, as w shall
hereafter see, tend to become converted into new and distinct
species. Thus the larger genera tend to become larger; and through-
out nature the forms of lifo which are now dominant tend to become
still more dominant by leaving many modified and dominant
descendants. But by steps hereafter o be explained, the larger
genera also tend to break up into smaller genera, And thus, the
foruus of Life throughout the universe become divided into groups
subordinate to groups.
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CHAPTER IIL

SrrUGeLE For Exi

Its hearing on nataral selection —The term used in @ wide senso—Geome-

trical atio of increase — Rapid increnso of naturalised animals aad
plants — Nature of the checks to fncrease — Compaition universal—

Complex zelations of all animals and
Strugglo for lifo most severe between in
samo specics  often severe between species of the same genus —Th
relation of organism to organism the most important of all relations.

Berons entering on the subject of this chapter, T must make a few
preliminary remarks, to show how the struggle for existence bears
on Natural Sclection. It has been scen in the last chapter that
amongst organic beings in a state of nature there is some individual
variability : indeed Tam not aware that this has ever been disputed.
It is immaterial for us whether a multitude of doubtful forms bo
callod species or sub-species or varieties ; 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 th
work, helps us but little in understanding Low species arise in
nature. How have all those exquisite adaptations of one part of
the organisation to another part, and to the conditions of life, and
of one organic being to another being, been perfected? We sce
theso beautiful co-adaptations most plainly in the woodpecker and
tho misletoe; and only a little less plainly in the humblest parasite
which clings to the hairs of a quadruped. or feathers of a bird ; in
the structure of the beetle which dives through the water : in the-
plumed seed which is wafted by the gentlest breeze; in short, we
seo beautiful adaptations everywhere and in every part of the
organic world.

in, it may be asked, how is it that varieties, which I have
ipient specics, become ultimately converted into good and
distinot species, which in most cases obviously differ from each
other far more than o the varieties of the same species? How do
those groups of species, which constitute what are called distinet
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soners, and which differ from each other more than do the specios
of the same genus, arise? All these results, as we shall more fully
see in the next chapter, follow from the struggle for life.  Owing to
this straggle, variations, however slight, and from whatever cause
proceeding, if they be in any degree profitablo to the inditiduals of
a specics, in their infinitely complex Telations to other organio
Teings and to their physical conditions of life, will tend to the
preservation of such individuals, and will_generally bo inherited
by the offspring. The offspring, also, will thus have a better
chance of surviving, for, of the many individuals of any species
which are periodically born, but a small number can survive.
1 have called this principle, by which each slight variation, if
useful, is preserved, by the term Natural Selection, in order to
mark its relation to man's power of selection. But the expression
often used by Mr. Herbert Spencer of the Survival of the Fittest
is more accurate, and is sometimes equally convenient. We have
seen that man by seleetion can certainly produce great results, and
can adapt organic beings to his own uses, through the accumulation
of slight but useful variations, given to him by the hand of Nature,
But Natural Selection, as w shall hereafter sce, is a power inces-
santly ready for action, and is as immeasurably superior to man’s
oable efforts, as the works of Nature aro to those of A,

We will now discuss in a little more detail the strugglo for
existence. In my future work this subject will be treated, as it
well deserves, at greater length. The elder De Candolle and Lyell
have largely and philosophically shown that all organic beings are

X) 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 easicr than to admit in words the truth of
the universal struggle for life, or more difficuli—at least T have
found it so—than constantly to bear this conclusion in mind. Yet
unless it be thoronghly engrained in the mind, the whole economy
of nature, with every fact on distribution, rarity, abundance, extinc-
tion, and variation, will be dimly seen or quite misunderstood.
Wo behold the face of nature bright with gladness, we often see
superabundance of food ; we do not see or wo forget, that the birds
‘which are idly singing round us mostly live on insects or soeds, and
aro thus constantly destroying life ; or wo forget how largely theso
songsters, or their eggs, or their nestlings, are destroyed by birds
and beasts of prey ; we do not always bear in mind, that, though
{ood may be now superabundant, it is not so at all seasons of cach
securring year.
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The Term, Struggle for Taistence, used in @ large sense.

T should premise that I use this term in a large and metaphorical
sense including dependence of one being on another, and includi
‘which is more important) not only the life of the individual, bug
Success in leaving progeny. Two canine animals, in a time of
dearth, may be truly said to struggle with each other which shall
et food and live. But a plant on the edge of a desert is said to
Strugglo for life against the dronght, though more properly it should
e said to be dependent on the moisture. A plant which annually
produces a thousand seeds, of which only one on an average comes
to maturity, may be more traly said to strugele with the plants of
the same and other kinds which already clothe the ground. The
misletoe is dependent on. the apple and a few other trees, but can
only in a far-fetobed sense be said to struggle with these trees, for,
if too many of these parasites grow on the same tree, it languishes
and dics. But several scedling misletoes, growing close together on
the same branch, may more truly be said to struzele with each
other. As the misletoo is disscminated Dby birds, its existenco
depends on them; and it may metaphorically be said to struggle
with other fruit-bearing plants, in tempting the birds to devour and
thus disseminato its sceds. In theso several senses, which pass into
each other, I use for convenience’ sake the general term of Struggle
for Existence.

Geometrical Ratio of Tnorease.
strugglo for existence inevitably follows from the high rate at
‘which all organic beings tend to increase. Every being, which
during its natural lifetime produces several eggs or sceds, must suffer
destruction during some period of its life, and during some seasotc
or occasional year, otherwise, on the principle of geometrical increase,
its numbers would quickly become so inordinately great that no
country could support tho product. Hence, as more individuals
are produced than can possibly survive, there must in every caso
e a struggle for existence, either one individual with another of
the same species, or with the individuals of distinet species, or
with the physical conditions of life. I is the doctrine of Malthus
applied. with manifold forco 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 bo now increasing, moro o less rapidly, in numbers, all cannot
do so, for the world would not hold them.
Thero is no cxception to the rule that every organic being
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naturally increases at 5o high @ rate, that, if not destroyed, the
carth would s00n bo covered by he progeny of a singlo pair. Even
slow-breeding man has doubled in twenty-five yoars, and at this
rate, in less than a thousand years, there would literally not be
standing-room for his progeny. ~ Linnzeus has calculated that if an
annual plant produced only two sceds—and thero is no plant so
unproductive as this—and their seedlings next year produced two,
and 50 on, then in twenty years there would be a million plants,
“Tho elephant s reckoned the slowest breeder of all known animals,
and I have taken some pains to estimate its probable minimum rate
of matural increase; it will bo safest to assumo that it bogins
breeding when thirty years old, and goes on breeding il ninety
years old, bringing forth six young in the interval, and surviving
till one hundred years old; if this be so, after a period of from
740 to 750 years there would be nearly nineteen million elephants
alive, descended from the first pair.
ut we have better evidence on this subject than mere theoretical
caloulations, namely, the numerous recorded cases of the astonish-
ingly rapid increase of various animals in a state or nature, when
ciroumstances have beon favourablo to them during two or threo
following seasons.  Still more striking is the evidence from our
lomestic animals of many kinds which have run wild in several
parts of the world; if the statements of the rate of increase of
slow-breeding cattle and horses in South America, and lntterly
in Australin, had not been well authenticated, they would have
been ineredible. 8o it is with plants; cases could bo given of
introduced plants which have become common. throughout wholo
slands in a period of less than ten years. Several ofthe plants,
such as the cardoon and a tall thistle, which are now the com-
monest over the wide plains of La Plata, clothing square leagues
of surfuco almost to the exclusion of every other plant, have been
introduced from Europe; and. there are plants which now rango in
India, as T hear from Dr. Falconer, from Cape Comorin to the
Himalaya, which have been imported from America since its dis-
covery. In such cases, and endless others could be given, no one
supposes, that the fertilty of the animals or plants has been suddenly
ad ily increased. in any sensible degree. The obvious
explanation s that the conditions of life have been highly favourable,
and that there has consoquently been less destruction of the old and
young, and that nearly all the young have been enabled to breed.
heir geometrical ratio of inorease, the result of which never fails to
Le surprising, simply explains their extraordinarily rapid increase
and wide diffusion in their new ‘Thomes.

2
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Tn a state of nature almost every full-grown plant aunually
produces seed, and amongst animals there are very few which do
Dot annually pair. Hence we may confidently assert, that all
plants and animals are tending to increaso at a geometrical ratio,—
‘that all would rapidly stock e station in which they could any
how exist,—and that this geometrical tendency to increase must be
checked by destruction at some period of life, ~ Our familiarity with
the larger domestic animals tends, I think, to mislead us: we sce
1o great destruction falling on them, but we do not keep in mind
that thousands are annually slaughtered for food, 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 seads by the thousand, and thoso which produce extremely
fow, is, that the slow-breeders would. require a few more years to
‘people, under favourable conditions, a whole district, let it be ever
50 large, The condor lays  couple of eggs and the ostrich a score,
and yet in the same country the condor may be the more numeros
of the two; the Fulmar petrel lays but one ege, yet it i believed
to be the most numerous bird in the world. One fly deposits
hundreds of eggs, and another, like the hippobosca, a single one;
‘but this difference does not determine how many individuals of the
two species can be supported in a district. A large number of eggs
s of somo importance to those species which depend on a fiuctua-
ting amount of food, for it allows them rapidly to increase in
number.  But the real importance of a large number of eggs or
sceds 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 o 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 extinct. Tt would suffice to
keep up the fall number of a. trec, which lived on an average for &
thousand years, if a single secd wero produced once in a thousand
years, supposing that this seed were never destroyed, and could be
cnsured fo germinate in  fitting place. So that, in all cases, the
average number of any animal or plant depends only indiretly on
‘the number of its eggs or seeds.

In looking at Nature, it is most necessary to keep the foregoing
considerations always in mind—never to forget that every single
organic being may be said to be striving to tho utmost to increase
in numbers ; that each lives by a strugglo at some period of ts lifo;
that heavy destruction inevitably falls cither on the young or old,
during each generation or at recurrent intervals. Lighten any
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check, mitigate the destruction ever so little, and the number of
the species will almost instantancously increase to any amount.

Nature of the Checls to Tncrease.

The causes which check the natural tendency of each species to
increase are most obscure. Look at the most vigorous species ; by
as much s it swarms in oumbers, by so much will it tend to
increase still farther. We know not exactly what the checks are
cven in a single instance. Nor will this surprise any one who
reflects how ignorant we are on this head, even in regard to mankind,
although so incomparably betier known than any other animal. This
subject of the checks to increase has been sbly treated by several
authors, and I hope in a future work to discuss it at considerable
length, more especially in regard to the feral animals of Sonth
America. Hero I will make only a few remarks, just to recall to
the readers mind somo of the chief points. or very you
animals scem generally to suffer most, but this is not invariably the
case. With plants thero is a vast destruction of secds, but, from
some observations which I have made it appears that the scedlings
suffer most from germinating in ground aleady thickly stocked.
with other plants. ~ Seedlings, also, aro destroyed in vast numbers
by various enemies ; for instance, on a picco of ground three fect
Tong and two wide, dug and. cleared, and where there could be no
choking from other plants, I marked all the seedlings of our native
weeds as they came up, and out of 357 no less than 295, wero
destroyed, chiefly by slugs and insects. I 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 plot of mown turf (three feet by
four) nine species perished, from the other species being allowed to
arow 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 tho average numbers of o species.  Thus, there scoms to
be little doubt that the stock of partridges, grouse, and hares on
any largo estato depends chiefly on the destruction of vermin, If
Dot one head of gamo wero shot during the next twenty years in
England, and, at the same time, if no vermin wero destroyed, thero
would, in. all probability, be less game than at present, although
hundreds of thousands of game animals are now annually shot. | Ga
tho other hand, in some cases, as with the elephant, none are
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stroyed 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 important part in determining the average
numbers of a species, and periodical seasons of extreme cald or
drought seem to be the most effective of all checks, I estimatel
(chiefly from the greatly reduced numbers of nests in the spring)
that tho winter of 18545 destroyed fonr-fifths of the birds in my
own grounds; and this is  tremendous destruction, when we
remember that ten per cent. is an extracrdinarily severe mortality
from cpidemics with man.. The action of climate scoms at first
sight to be quite independent of the struggle for existence; but in
50 far as climate chiefly acts in reducing food, it brings on the mos;
severo struggle between the individuals, whether of the same or of
distinct species, which subsist on the same kind of food. Even
when climate, for instance extreme cold, acts directly, it will be
the least vigorous individuals, 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 conspicuons,
we are tempted to attribute the whole effect to its direct action.

But this is a false view ; we forget that each species, even where it

‘most abounds, is constantly suffering enormous destruction at some

period of its life, from cnemies or from competitors for the same

place and food; and if theso enemies or competitors be in the least

degree favoured by any slight change of climate, they will increase

in numbers ; and as cach area is already fully stocked with inhabi-
tants, the other species must decrease. When we travel south-
ward and see a species decreasing in numbers, we may fecl sure
that the cause lies quite as much in other species being favoured, as
in this ono being hurt. S0 it is when we travel northward, but in
a somewhat lessor degree, for the number of species of all kinds,
and therefore of competitors, decreases northwards ; hence in going
northwards, or in ascending a mountain, we far oftener meet with
stunted forms, due to the directly injuri ion of ol thanwe
do in proceoding southwards or in descending a mountain, When
we reach the Arotic regions, or snow-capped summits, or absolute
deserts, the struggle for life is almost exclusively with the elements.

That climate acts in main part indircotly by favouring other
species, we clearly see in the prodigious number of plants which
in our gardens can perfectly well endure our climate, but which
never become naturalised, for they cannot compete with our native
plants nor resist destruction by our native animals.

ich
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When a species, owing to highly favourable circumstances,
increases inordinately in numbers in a small tract, epidemics—at

strugglo for life. But oven somo of these so-called epidemics
appear to be due to parasitic worms, which have from some cause,
possibly in part throngh facility of diffusion amongst the crowded
animals, been disproportionally favoured : and here comes in a sort
of struggle between the parasite and its prey.

On the other hand, in many cases, a large stock of individuals
of the same species, relatively to the numbers of its enemies, is
absolutely necessary for its preservation. Thus we can easily raise
plenty of corn and rape-seed, e, in our fields, because the sceds
are in great excess compared with the number of birds which feed
on thom nor can tho birds, though having & superabundance of
food at this one season, increase in number proportionally to the
supply of seed, as their numbers are chocked during winter; but
any one who has tried, knows how troublesome it s to get, seed
from a fow wheat or other such plants in a garden: I have in this
case lost every single sced. This view of the necessity of a large
stock of the same species for its preservation, explains, I belicve,
some singular facts in nature such as that of vory raro plants being
sometimos extremely abundant, in the few spots where they do
exist; and that of some social plants being social, that is abounding
in individuals, even on the extreme verge of their range, For in
such cases, we may believe, that a plant could cxist only where the
conditions of its life were so favourable that many could exist
tozether, and thus savo the species from utter destruction. I
should add that the good effects of intercrossing, and the ill effects
of close interbreeding, no doubt come into play in many of these
cases ; but T will not here enlarge on this subject.

Complex: Relations of all Animals and Plants to cach offer in
the Struggle for Ewistence.

Many cases are on record showing how complex and unexpected
are the checks and relations between organic beings, which have to
struggle togother in the sumo country, 1 will give only a singlo
instance, which, though a simple one, interested me. Tn Stafford-
shire, on the estate of a relation, where I had ample means of
investigation, there was a large and extremely barren heath, which
Tad never been touched by the hand of man; but several hundred
ae1es of exactly the same nature had been enclosed twenty-five
years previously and planted with Scotch fir. The change in the
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native vegotation of the planted part of the heath was most
remarkable, more than s gencrally seen in passing from one quite
different soil to another; not only the proportional numbers of tho
heath-plants were wholly changed, but twelve species of plants (not
counting grasses and earices) flourished in the plantations, which
could not be found. on the heath. The effect on the insects must
havo been still greater, for six vorous birds were very
common in the plantations, which were not to be seen on the:
heath; and the heath was frequented by two o three distincs
insectivorous birds. Hore we see how potent has been tho effect of
the introduction of a single tree, nothing whatever else having been
done, with the exception of the land having been enclosed, 5o 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 bill-
tops: within the last ten years largo 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 sur-
prised at their numbers that I went to several points of view,
whence I could examine hundreds of acres of the uncnclosed heath,
and literally I could not see a single Scotch fir, except tho old.
planted clumps. But on looking closely between the stems of he.
Death, T found a multitude of seedlings and littlo trees which had
Teen perpetually browsed down by the cattle. In one square yard,
at a point some hundred yards distant from one of the old clumps,
1 counted thirty-two little trees; and one of them, with twenty-
six 1ings of growth, had, during many years tried to raiso its head
above the stems of the heath, and had failed. No wonder that, as-
soon as the land was enclosed, it became thickly clothed with.
vigorously growing young firs. Yet the heath was so extremely
and o extensive that no one would ever have imagined that

cattle would have so closely and effectually searched it for food.
Hero we seo that cattle absolutely dotermine the existence of
the Scotch fir; but in several parts of the world insects determine the
cxistence of cattle. Perhaps Paraguay offers the most curious.
instance of this; for hero neither cattle nor horses nor dogs have
ever run wild, though they swarm southward and northward in &
feral state ; and Azara and Rengger have shown that this is caused
Dy the greater number in Paraguay of a. certain fly, which lays its.
€28 in the navels of these animals when first born, The increase
of theso flies, numerous as they are, must b habitually checked by
souie. means, probably by other parasitio insects. Hence, if certaits
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insectivorous birds wero to decrease in Paraguay, the parasitic
insects would probably increase; and this would lessen the number
of the navel-frequenting flies—then cattle and horses would become
foral, and this would certainly greatly alter (as indeod I have obs
ved in parts of South America) the vegetation : this again would
Jargely affect tho insects; and this, as we have just seen in Stafford-
shire, the insectivorous birds, and so onwards in ever-increasing
circles of complexity. Not fhat under naturo the relations will
cver be as simple as this. Battle within battle must be con-
tinnally recurring with varying suocess; and yet in the long-
run the forces are so nicely balanced, that the face of nature remains
for long periods of time uniform, though assuredly the merest trifle
would give the victory to one organic being over another, Never-
theless, 5o profound is our ignorance, and so high our presumption,
that we marvel when we hear of the extinction of an organic being;
and 8 we do not ses the canse, we invoke cataclysms to desolate the
world, or invent laws on the duration of the forms of lifo!

T am tempted to give one more instance showing how plants and
animals, remote in the seale of nature, are bound together by a web
of complex relations. I shall hereafter have occasion to show that
the exotic Lobelia fulgens is never visited in my garden by insects,
and consequently, from its peculiar structure, never sets a sced.
Nearly all our orchidaceous plants absolutely require the visits of
insests to remove their pollen-masses and thus to fertiliso 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, 1 have also found that the visits of bees aro
necessary for the fertilisation of some kinds of clover : for instavces
20 Tieads of Dutch elover (Trifolium repens) yiclded 2,20 seeds, but
20 other heads protected from bees produced not one. Again, 100
heads of red.clover (1. pratense) produced 2,700 sceds, but the same
number of protected heads produced not a single seed. Humble-bees
alono visit 7od ciover, as other bees cannot reach fhe nectar. It has
been suggested that moths may fertilise the clovers; but I doubt
Wwhether they could do 80 in tho case of the red clover, from their
weight not being sufficient to depress the wing-petals. Henco wo
may infer as highly probable that, i the whole genus of humble-bees
became extingt or very rare in England, the heartseaso and red
clover would become very rare, or wholly disappear, The number
of humble-bees in any district depends in a great measure on the
wumber of field-mice, which destroy their combs and nests; and
Col. Newnan, who has long attended to the habits of humble-bees,
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believes that “more than two-thirds of them are thus destroyed all
over England.” Now the number of mice is largely dependent, a
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 numerous than elsewhere, which I attribute to the num-
er of cats that destroy the mice.” Hence it is quite credible that
he presence of a feline animal in large numbers in a district might
dotermine, through the intervention first of mice and then of bees,
the frequency of certain flowers in that district!

In the caso of every species, many different checks, acting
different periods of life, and during different seasons or years, pro-
bably come into play 5 some one check or some few being generally
the most potent; but all will concur in determining the average
ammber or even the existence of the specios. Tn some cases it can
be shown that widely-different checks act on the same species
in different districts, When wo look at the plants and bushes
clothing an entangled bank, we are tempted to attribute their pro-
portional numbers and kinds to what we call chance. But how false
a view is this] Every one has heard that when an American forest
is cut down, a vory different vegetation springs up; but it has been
observed that ancient Tndian ruins in the Southern United States,
which must formerly have been cleared. of trees, now display the
same beatiful diversity and proportion of kinds as in the surround-
ing virgin forest. What a struzgle must have gone on during loig
centurics between the several kinds of trees, cach annually scattering
its sceds by the thousand ; what war between insect and inscoi—
betiween inscots, snails, and other animals with birds and beasts of
prey—all striving to increase, all foeding on each other, or on the
trees, their seeds and seedlings, or on the other plants which fist
clothed the gronnd and thus checked the growth of thotrees! Thow
up a handful of feathers, and all fall to the ground according to
defnite laws; but how simple is the problem where each shall fall
compared to that of the action and reaction of the innumerable
plants and animals which have determined, in the course of cen-
turies, tho proportional numbers and kinds of trees now growing o
the old Indian ruins!

The dependency of one organic being on another, as of a parasite
on its prey, lics genorally between beings remote in the scale of
nature. This is likewise sometimes the case with those which may
e strictly said to struggle with cach other for existence, as in the
vense of locusts and grass-feeding quadrupeds. _But tho struggle will
almost, invariably be most zevero between the individuals of the
‘same specics, for they frequent the same districts, require the same
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food, and are exposed to the same dangers. In the case of varieties
of the same species, the struggle will generally be almost equally
sovere, and we someimes see the contest soon decided : for instance,
it several varicties of wheat be sown together, and the mixed seed be
resovwn, some of the varieties which best suit the soil o climate, or are
Jaturally the most fertile, will beat the others and so yield more
soed, and will consequently in a fow years supplant the ofher varic-
fios, o keep up a mixed stock of even such extremely close varic-
ties as the variously-coloured sweet-peas, they must be cach year
harvested separately, and the seed then mixed in due proportion,
otherwise the weaker kinds will steadily decrease in number and
disappear. So azain with the varieties of sheeps it has been asserted
that certain mountain-varieties will starve out other mountain-
Varictics, 50 that. they cabnot be kept together. The same result
Las followed from keeping together different varicties of the medicinal
lecch. It may even be doubted whether the varieties of any of our
domestic plants or animals have so exactly the same strength,

ts, and_constitution, that the original proportions of a mixed
stock (cossing being prevented) could be kept up for half-a-dozen
geuerations, i they were allowed to struggle together, in the samo
‘manner as beings in a state of nature, and if the seed or young were
not annually preserved in due proportion.

hal

Struggle for Life most severe between Individuals and. Varicties

the same Specics.

As the species of the same genus usually have, though by no
means invariably, much similarity in habits and constitution, and
alvays in structure, the struggle will gencrally be moro sovore
Detween them, if they come into competition with each other, than
Tbetween the species of distinct genera. We see this in the recent
extesion over arts of the United States of one species of swallow
having caused the decreaso of another species. The recent increase
of the missel-thrush in parts of Scotland has caused the decrease of

song-thrush. How frequently we hear of one specics of rat
taking the place of another species under the most different climates!
Tn Russia the small Asiatic cockroach has everywhere driven before
itits great congener, In Australia the imported hive-beo is rapidly
exterminating the small, stingless native bee. One species of char-
lock has been known to supplant another species; and so in other
cases. We can dimly sco why the competition should be most severe
between allied forms, which Sl nearly the same place in the cconomy
of nature; but probably in no one case could we precisely say why
‘one species has been victorious over another in the great battle of life.
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A corollary of the highest importance may be deduced from the
foregoing remarks, namely, that the structure of every organic being
s related, in the most essential yet often hidden manner, to that of
all the other organic beings, with which it comes into competition
for food or residence, or from which it has to escape, or on which it
preys.This is obvious in the structure of the tecth and talons of
the tiger ; and in that of the legs and claws of tho parasito which
clings to the hair on the tigor's body. 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 clements of
air and water. Vet the advantage of plumed sceds o doubt stands
in the closest relation to the land being already thickly clothed with
other planis ; so that, the seeds may be widely distributed and fall
on unoccupicd ground. In the water-beetle, the structuro of its
legs, 50 well adspted for diving, allows it to compete with other
aquatic insects, to hunt for its own prey, and to escapo serving as
prey to other animals,

‘The store of nutriment 1aid up within the seeds of many plants
scoms 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 bo
suspected that the chief use of the nutriment in the seed is to favour
the growth of the scedlings, whilst struggling with other plants
‘growing vigorously all around.

Look at a plant in the midst of its range, why does it not doublo
or quadruplo its numbers? We know that it can perfectly well
withstand a littlo more heat or cold, dampness or dryness, for lso-
where it ranges into slightly hotter or colder, damper or drier dis-
tricts. In this case we can. clearly see that if we wish 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 prey on it. On the confines of its geographical range, a change
of constitution with respect to climate would clearly bo an advantage
toour plant; but we have reason to believe that only a fow plants
or animals range so far, that they are destroyed exclusively by the
rigour of the climate, Not until we reach the extreme confines of
life, in the Aretic regions or on the borders of an utter desert, will
competition The land may be extremely cold or dry, yet

the.

4 plant or animal is placed in @ new
country amongst new competitors, the conditions of its lifo will
genenally be changed in an essential manner, although the.climate:
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‘may be exactly the sam as in its former home. If its average num-
bers aro o increase in its new home, wo should bave to modify it in
& different way to what we should have had fo do in its native
countrys for we should have to give it someadvantage overa different
set of competitors or enemmies.

Tt is good thus to try in imagination to give o any one species an
advantage over another. Probably in no single instance should we
Jnow what to do. Fhis ought to convince us of our ignorance on
the mutual relations of all organic beings; a.conviction as necessary,
as it s diffioult to acquire.  All that we can do, is to keep steadily
in mind that each organic being is striving to increase in a geometri-
cal ratio hat each at somo period of its lfe, during some season of
he year, during each generaton or at intervaly s 1o strugelo for
lifo and fo suffer grent d . When we reflect on this st
we may consolo ourselves with the full belicf, that the war of nature
is not incessant, that no fear is flt, that death is generally prompt,
and that the vigorous, the healthy, and the happy survive and
multiply.

Danwin Online: By permission of the Trustees of the Natural History Museum
- F Ty



62 Natural Selection. Caar. IV,

CHAPTER IV.

NATURAL SELECTION; OB TuE SURVIVAL OF mmE Frrrrst.

Natural Seleotion —its power compared with man's seletion —its power

on characters of trifling importance—its power at all ages and on both
Sexual Selection —On the generality of intercrosses between
individuals of the same species — Circumstances favourable and unfy-
vourable to the results of Natural Selection, namely, intercrossing,
isolation, number of individusls—Slow action — Extinction caused by
Natural Selection—Divergence of Character, related to the diversity of
inhabitants of any small area, and to naturalisation— Action of Natural
Seletion, throngh Divergence of Character, and Extinction, on the de-
scendants from a common parent—Explains the grouping of all organic
beings— Advance in organisation— Low forms preserved — Convergence
b s i 3

indiy

How will the struggle for existence, briefly discussed in the last
chapter, act in regard to variation? Can the principle of seleotion,
which we have seen is o potent in the hands of man, apply undsr
nature? 1 think we shall soo that it can act most efficiently. Let
the endless number of slight variations and_ individual differences
occurring n our domestio productions, and, in a lesser degree, in
those under nature, be borne in mind ; as well as the strength of
the hereditary tendency. 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 productions, is not directly produced, as Hooker and
Asa Gray have well remarked, by man; he can neither originate
varicties, or prevent their ocourrence ; he can only preserve and
aceumulate such as do occur.  Unintentionally he exposes organic
Teings to new and changing conditions of life, and variability
ensues ;. but similar changes of conditions might and do oceur under
nature. Lot it also be borne in mind how infinitely complex and
close-fitting are the mutual relations of all organic beings to each
other and to their physical conditions of life; and consequently
what infinitely varied diversities of steucture might be of use {0
oach being under changing conditions of life. Can it, then, be
thought improbable, seeing that variations useful to man havo
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ks Sl
undoubedly ocourred, that other variations usoful in some way to
cach being in the great and complex battlo of life, should occur in
o i fons? If such do we.
doubt (remembering that many more individuals are born than can
possibly survive) that individuals having any advantage, however
slight, over others, would have the best chance of surviving and of
procreating their kind? On the other hand, we may fecl sure that
any variation in the least degree injurious would be rigidly de-
stroyed. This preservation of favourable individual differences and
variations, and the destruction of those which are injurious, I have
called Natural Selection, or the Survival of the Fittest. ~Variations
neither useful nor injurions would not be affected by natural selec-
tion, and would be left either a finctuating element, as perhaps wo

certain_polymorphic species, or would ultimately become
fixed, owing to the nature of the organism and the nature of the
conditions.

Several writers have misapprehended or objected fo the term
Natural Selection. Some have even imagined that natural selection.
induces variability, whereas it implies only the preservation of such.
variations as arise and are beneficial to the being under its con-
ditions of life. No one objects to agriculturists speaking of the
potent effects of man's selection ; and in this case the individual
differences given by nature, which man for some object selects,
must of necessity first occur. Others have objected that the term
sclection implies’ conscious choice in the animals which become
modified; and it has even been urged that, as plants have 1o voli-
tion, natural selection is not applicable to them! In the literal

nse of the word, no doubt, natural selection is a false term; but
who ever objected to chemists speaking of the clective afinities of
the various clements ?—and. yet an acid cannot strictly be said to
elect the base with which it in preference combines. It has been
id that I spealk of natural selection as an active power or Deity ;
but who abjects to an anthor speaking of tho attraction of gravity
as ruling the movements of the planets? Every one knows what
is meant and is implied by such metaphorical expressions; and
they are almost necessary for brovity. So again it is difficult to
avoid porsonifying the word Nature but I mean by Nature, only
the agaregate action and productof many natural laws, and by laws
the sequence of events as ascertained by us. With a littlo familiarity
such superfcial objections will be forzotten.

We shall best understand. the probable course of natural selection
by taking the case of a country undergoing some slight physical
cliange, for instance, of climate. The proportional numbers of its
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inhabitants will almost immediately undergo a change, and some
species will probably become extinct. 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 the inhabitants, independently of
the change of climate itself, would seriously affect the others. If
the country were open on its borders, new forms would. certainly
immigrate, and this would likewise seriously disturb the relations
of some of the former inbabitants. Let it bo remembered how
powerful the 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
i

my of nature which would assuredly be better filled
some of the original inhabitants were in some manner modified ;
or, had the area been open to immigration, these same places would
have been soized on by intruders. In such cases, slight modifica-
tions, which in any way favoured the individuals of any specis, by
better adapting them to their altered conditions, would tend to bo
preserved ; and natural selection would have free scope for the work
of improvement.

We have good reason to believe, as shown in the first chapter,
that changes in the conditions of life give a tendency to increased
variability; and in the forogoing cases the conditions have changed,
and this would manifestly be favourable to natural selection, by
affording a better chance of the ocourrence of profitable variations.
Unless such oceur, natural selection can do nothing. Under the
torm of “ variations,” it must never be forgotten that mere indivi-
dual differences aro included.  As man can produce a great result
with his domestic animals and piants by adding up in any given
direction individual differences, so could natural selection, but far
more easily, from having incomparably longer time for action. Nor
do Lelieve that any great physical change, as of climate, or any un-
‘usual degreo of isolation to check immigration, is necessary in order
that new and unoccupied places should be left, for natural selec-
tion to fill up by improving some of the varying inhabitants. For
as all the inhabitants of cach country are struggling together with
nicely balanced forees, extremely light modifications in the struc-
ture or habits of one species would often give it an advantage over
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¢he native inhabitants are now so perfectly adapted to each other
and to the physical conditions under which they live, that nono of
them could be still better adapted or improved ; for in all countries,
the natives have been 5o far conquered by naturalised productions,
that they have allowed some foreigners to take i possession of
the land. And as foreigners have thus in every country beaten
some of the natives, wo may safely conclude that the natives might
have been modified with advantage, s0 as to have better resisted the
intruders.

As man can produce, and certainly has produced, a great resule
by his methodical and unconscions means of selection, what may not
natural selection effcct ? Man can act only on external and vi
characters: Nature, if T may be allowed to personify the natural
preservation or survival of the fittest, cares nothing for appearances,
except in so far us they are useful to any being. She can act on
every intemal organ, on every shade of constitutional difference,
on the wholo machinery of life. Man selects only for his own
good : Nature ouly for that of the being which she tends. Every
selected character is fully exercised by her, as is implied by the fact
of their sclection. Man keeps the natives of many climates in the
same country ; he seldom excreises each sclcoted character in some
peculiar and fitting wanner; he feeds a long and a short beaked
pigeon on the sume food; he does not, exercise a long-backed or
IongFlegged. quadruped in any peculiar manner; ho exposes shecp
with long and short wool to-the same climate,  He does not allow
the most vigorous males to struggle for the females.  He does nat
vigidly destroy all inferior animals, but protcets during cach varying
season, as far as lies in his power, all his productions. He often
begins s selection by some half-monstrous forms or at least by
somo modification prominent enough to catch the eye or to be
plainly useful to him. Under nature, the slightest differences of
structure or constitution may well turn the nicely-balanced scale in
the strugglo for life, and 50 bo preserved. How fleeting are tho
wishes and.offorts of man! how short ks time! and consequently
Bow poor will be his results, compared with thoso accumulated by
Nature during wholo geological periods! Can wo wonder, then, that
Nature's productions should be far * truer ” in character than man’s
Iroductions; that they should be infinitely better adapted to tho
most complex conditions of life, aud should plainly bear tho stamyy
of fur higher workmaship ?

1t may metaphorically bo said that natural selection is daily and
hourly serutinising, throughout the world, the slightest variations ;
ejesting those that are bad, preserving and adding up all that ar

®
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good; silently and insensibly working, whensver and wherever
pportunity offers, at the improvement of each organio being i

to its organic and inorganic conditions of Life. Wo ses
nothing of these slow changes in progress, until the hand. of time
has marked the lapse of ages, and then so imperfect is our view into
long-past geological ages, that we sco only that the forms of life are
now different from what they formerly were.

Tn order that any great amount of modification should bo effetel
in a species, a variety when once formed must again, perhaps afier
a long interval of time, vary or present individual differences of the
same favourable nature as before; and these must be again pre-
served, and so onwards siep by step. Secing that individual
differences of the same kind perpetually recur, this can hardly bo
considered as an unwarrantable assumption. But whether it is
truc, we can judge only by seeing how far the hypothesis accords
with and explains the general phenomena of nature, On the other
hand, the ordinary belief that the amount of possiblo variation is &
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 importance, may thus be acted on. When |
we see leaf-eating insects green, and bark-feeders mottled-grey; the
alpine ptarmigan white in winter, the red-grouse the colour of
heather, we must believe that these tints are of service to these |
irds and insects in preserving them from danger. Grouse, if not
destroyed at some period of their lives, would increas in countless.
fumbers ; they are known to suffer largely from birds of prey; aud
hawks are guided by eyesight to their prey—so much so, thaton
parts of the Continent persons are wamed not to keep white
pigeons, as being the most liable to destruction. Hence natural
selection might be effective in giving the proper colour to each
kind of grouse, and in keeping that colour, when once acquired,
true and constant. Nor ought we to think that the occasional
destruction of an animal of any particular colour would produce
little effect : we should remember how essential it is in & flock of
white sheep to destroy a lamb with the faintest trace of black.
‘We have seen how the colour of the hogs, which feed on the
“paint-root” in Virginia, determines whether they shall live or die.
In plants, the down on the fruit and the colour of the flesh are con=
sidered by botanists as characters of the most trifling importance®
yet we hear from an excellent horticulturist, Downing, that in the
United States smooth-skinned fruits suffer far more from a beetle;
a Curculio, than those with down ; that purple plums suffer far
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Jnore from a certain disease than yellow plums ; whereas another
diseaso attacks yellow-fleshed peaches far more than those with
other coloured flesh. 1f, with all the aids of art, theso slight differ-
ences make a great difference in cultivating the soveral varicties,
assuredly, in @ state of nature, where the trees would have to
strugglo with other trecs and with a host of enemies, such differ-
ences would effectually settle which variety, whether a smooth o
downy, a yellow or purple fleshed fruit, should succeed.

In looking at many small points of difference between species,
which, as far as our ignorance permits us to judge, scem quite
unimportant, we must not forget that climate, food, &c., have no
doubt produced some direct effect. 1t is also necessary to bear in
‘mind that, owing to the law of correlation, when one part varies,
and the variations are accumulated through natural selection, other
modifications, often of the most unexpected nature, will ensue.

As we see that those variations which, under domestication appear
at any partioular period of life, tend to reappear in the offspring at
the same period ;—for instance, in the shape, size, and flavour of
the seeds of the many varicties of our culinary and agricultural
plants; in the caterpillar and cocoon stages of the varioties of th
silkworm; in the eggs of poultry, and in the colour of the down of
their chickens; in the homns of our sheop and cattle when nearl
adult;—s0 in a state of nature, natural selection will be enabled to
act on and modify organic beings at any age, by the accumulation
of variations profitable at that age, and by their inheritance at &
cor ing age. If it profit a plant to have its secds more and
more widely disseminated by the wind, T can sce no greater diffi-
culty in this being effected through natural selection, than in the
cotton-planter increasing and improving by sclection the down in
the pods on his cotton-trees. Natural selection may modify and
adapt the larva of an insect to a score of contingencios, wholly
different from those which concern fhe mature insect; and these
modifications may affect, through correlation, tho structure of tho
adult. So, conversely, modifications in the adult may affect
the structure of the larva; but in all cases natural selection will
ensure that they shall not be injurious: for if they were so, the
species would become extinet.

Natural selection will modify the structure of the young in relation
to the parent, and of the parent in relation to the young. In social
animals it will adapt the structure of each individual for the benefit
of the vhole community ;. if the community profits by the selected
cliange. What natural sclection cannot o, is to modify the struc-
ture of cne species, without giving it any advantage, for the good of

r2
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another species ; and though statements to this effect rmay be found
in works of natural history, I cannot find one case which will bear
investigation. A structure used only once in an animal’s life, if of
high importance to it, might be modified to any extent by natunl
selection 3 for instance, the great jaws possessed by certain inseots,
used exclusively for opening the cocoon—or the hard tip to the
beak of unbatched birds, used for breaking the egg. It has been
asserted, that of the best short-beaked tumbler-pigeons a greater
number perish in the egg than are able to get out of it; so that
fanciers assist, in the act of hatching. Now if nature had to make
the beak of a full-grown pigeon very short for the bird's own advan-
tage, the process of modification would be very slow, and thero
would be simultancously the most rigorous selection of all the
young birds within the egg, which had the most powerful and
Tardest beaks, for all with weak beaks would inevitably perish; or,
more delicate and more easily broken shells might be selected,
the thickness of- the shell being known to vary like every other
structure.
may be well here to remark that with all beings there must be
much fortuitous destruction, which can have little or no influencs
on the course of natural selection. For instance a vast number of
eggs or seeds are annually devoured, and these could be modified
through natural selection only if they varied in some manner which
protected them from their enemies. Yet many of thesc eggs or
scods would perhaps, if not destroyed, have yiclded individuals
Detter adaptod to their conditions of life than any of those which
happened to survive. So again a vast number of mature animals
aud plants, whether or not they be the best adapted to their con-
ditions, must. be annually destroyed by accidental causes, which
would not bo in the least degree mitigated by certain changes of
structure or constitution which would in other ways be beneficial o
" tho species.  But let the destruction of the adults be ever so heavy,
if the number which can exist in any district be not wholly kept

—Yet of thoso which do survive, the best adapted individuals, sup-
posing that there is any variability in a favourable direction, will
ted to propagate their kind in larger numbers than the less well

L If the numbers be wholly kept down by the causes just
indicated, as will often have been the case, natural selection will be
powerless in certain beneficial directions; but this is no valid
“bjection to its efficiency at other times and in other ways ; for we
are far from having any reason to suppose that many species ever
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u;da.go ‘modification and improvement at the same time in the

Seaual Selection.

Tnasmuch as peeuliarities often appear under domestication in one
sex and become hereditarily attached to that sex, so no doubt it will
‘bo under nature. Thus it is rendered possible for the two sexes to
e modified through natural selection in relation to different habits
of lfe, s is sometimes the case; or for one sex to be modified in
relation o the other sex, as commonly occurs. This leads mo to
say a fow words on what I have called Sexual Selection. This form of
selcction depends, not on a struggle for existence in relation to other
organic beings or to external conditions, but on a struggle between
the individuals of one sex, generally the males, for the posscssion of
the other sex. The result is not death to the unsuccessful com-
petitor, but few o o offspring. Sexual selection is, therefore, less
Tigorous than natural selection. 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 ot so much on
general vigour, as on having special weapons, confined to the male
sex. A hornless stag or spurless cock would have a poor chance of
Leaving numerous offspring. Sexual selection, 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, in
nearly the same manner as does the brutal cockiighter by the care-
ful selection of his best cocks, How low in the scale of nature the
law of battle descends, I know not; male alligators have been
deseribed as fighting, bellowing, and whirling round, like Indians in
@ war-dance, for the possession of the fmales ; male salmons have
Deen observed fighting all day long; male stag-beetles sometimes
bear wounds from the huge mandibles of other males; the males
of ecrtain hymenopterous inscots have been frequently seen by that
inimitable observer M. Fabre, fighting for a particular female who
slts by, an apparently unconcerned beholder of the struggle, and
then retires with the conqueror. The war is, perhaps, severest
between the males of polygamous animals, and these seer oftanest
Provided with special weapons. The males of carnivorous animals
are already well armed; though to them and to others, special
means of defence may be given through means of sexual selection,
o the mauo o the lion, and the hooked jaw to the malo salmon

‘© shield may be as important for victory, as the sword o

spear.
Amongst irds, the contest is often of  more peaceful charastcr,
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Al those who have attended to the subjoot, belicve that thero 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 ofhers, congregate 3 and successive males display with the most
elaborate care, and show off in the best manner their gorgeous ply-
mage; they likewise perform strange antics before the females, which,
standing by as spectators, at lnst choose the most attractive partncr,
Those who have closely attended to birds in confinement well know
that they often teke individual preferences and dislikes: thus SirR,
Heron has described Tow a pied peacock was eminently attractive to
all his hen birds. I cannot here enter on the necéssary datails; bug
if man can in a short time give beanty and an elegant carriage tokis
Tantams, according to his standard of beauty, T can 5o no good
reason to doubt. that femalo birds, by selecting, during thousands of
‘generations, the most melodions or beautiful males, according to their
standard of beauty, might produce a marked effect. Some well
known laws, with respect to the plumage of male and female birds,
in comparison with the plumage of the young, can partly e ex-
plained through the action of sexual selection on variations occurring
at different ages, and transmitted to the males alone or to both sexes
at corresponding ages; but T have not space here to enter on this
subject.

Thus it is, as I believe, that when the males and females of any
animal have the sune gencral hatits of life, but differ in structure,
colour, or crnament, such differences have bocn mainly caused by
sexual sclection: that is, by individual males having bad, in sue-
sessive generations, some slight advantage over other males, in their
weapons, means of defence, or charms, which they have transmittel
o their male offspring alone. Yet, I would not wish to attributeall
sexual differences to this agency : for we see in our domestic animals
‘peculiarities arising and becoming attached to the male ses, which
apparently have not been augmented through selection by man.
Tho tuft of hair on the breast of the wild turkey-cock cannot be of
any use, and it is doubtful whether it can be ormamental in the eyes
of the femalo bird ;—indeed, had the tuft appeared under domestica-
tion, it would have been called a monstrosity.

Titustrations of the Action of Natural Selection, or the Survival
of the Fittest,

Tn order to make it clear how, as I believe, natural selection acts,
Tmust beg permission to give one or two imaginary illustrations.
Let us take the case of & wolf, which preys on various animals,
securing some by craft, some by strength, and some by fleetness
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and let us suppose that the flestest 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 was hardest pressed for food. Under such circumstances the
swiftest and slimmest wolves would have the best chance of surviv-
ing,and 30 be preserved or sclected,—provided always that they
retained strength to master their prey at this or some other period of
the year, when they were compelled to prey on other animals. I can
sec 1o more reason to doubt that this would be the result, than that
man should be able to improve the fieotucss of his greyhouuds by
careful and mothodical solcction, or by that kind of unconscious
sclection which follows from cach man trying to keep the best dogs
without any thought of modifying the breed. I may add, that,
according to Mr. Pierce, there are two varicties of the wolf inhabiting
the Catskill Mountains in the United States, one with a light grey-
hound-like form, which pursues deer, and the other more bulk

with shorter legs, which more frequently attacks the shepherd’s

flocks.

It should be observed that, in the above illustration, I speak of
the slimmest individual wolves, and not of any single strongly-
marked variation having been preserved. In former editions of this
work I sometimes spoke s if this latter altornative had frequently
occurred. 1 saw the great importance of individual differences, and
this led me fully o discuss the results of unconscious sclection by
man, which depends on. the preservation of all the more or less
valuable individuals, and on the destruction of the worst. I saw,
also, that tho preservation in a state of nature of any occasional
deviation of structure, such a5 & monstrosity, would be a rare event;
and that, if at first preserved, it would generally bo lost by subse.
quent intercrossing with ordinary individuals. Nevertheless, until
reading an ablo and valuable article in the * North British Review’
(1867), I did not appreciate how rarely single variations, whether
slight or strongly-marked, could be perpetuated. The author takes
the case of a pair of animals, producing during their lifetime two
hundred ofispring, of which, from various causes of destruction, only
430 on an average survivo to pro-create their kind. This is rather
an estreme estimate for most of the higher animals, but by nomeans
50 for many of the lower organisms, Ho then shows that if  single
individual were born, which varied in some manner, giving it twice
wpols Shaee f o s that of the cther individual, yt the

wou strongly against its survival, Supposing it tc
survive and to breod, and.that blf its young iuherted the fovour-
able variation ; still,as the Reviewar gocs on to show, the youg

Danwin Online: By permission of the Trustees of the Natural History Museum
(London).



72 Tllustrations of the Action of Ciiar, 27,

would have only  slightly better chance of surviving and brecding;
and this chance would go on decreasing in the succeeding genera-
tions, The justice of thése remarks cannot, I think, be disputed
1, for instance, a bind of some kind conld procure its food more
casily by having its beak curved, and if ono were born with its beak
strongly curved, and which: consequently flourished, novertheless
there would be a very poor chance of this one individual perpetuat-
kind to the exclusion of the common form; but there can
rdly be a doubt, judging by what we see taking place under
domestication, that, this result would follow from. the preservation
during many gencrations of  large number of individuals with more
or less strongly curved beaks, and from the destruction of a still
larger mumber with the straightest beaks.

1t should not, however, be overlooked that certain rather strongly
marked variations, which no one would rank as mere individual
differences, frequently recur owing to a similar organisation being
similarly acted on,—of which fact numerous instances could bs
given with our domestic productions. In such cases, if the varying
individual did notactually transmit to its offspring its newly-aequired
character, it would undoubtedly transmit to them, as long as the
existing conditions remained the same, & still stronger tendency to
vary in the same manner. There can also be little doubt that the
tendency to vary in the same manner has often been 5o strong thas
all the individuals of the same species have been similarly modifiel
without the aid of any form of selection. Or only a third, fifth, or
tenth part of the individuals may have been thus affected, of which
fact several instances could be given. Thus Graba estimates that
about one-fifth of the guillemots in the Faroo Islands consist of &
variety so well marked, that it was formerly ranked as a distinet
species under the nawe of Uria lacrymans.  In eases of this kind, if
the variation were of a_beneficial nature, the original form would
soon be supplanted by the modified. form, through the survival of
the fittest.

o the effects of intercrossing in_eliminating variations. of all
kinds, T shall have to recur; but it may be here remarked that
most animals and plants keep to their proper homes, and. do
not, noedlessly wander about; wo seo this even with migratory
birds, which almost always return to the same spot.  Consequently
each nowly-formed variety would generally bo at first local, asseems
to be the common rule with vari

ould oon exist in a small
Logether, and would often breod togother, 11 the new varisty wem
snccessful in its battle for life, it would #lowly spread frorm a centiad
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district, competing with and conquering the unchanged individuals
on the margins of an ever-incrensing circle.

Tt may be worth while to give another and more complex illus—
tration of the action of natural selection, Certain plants excrete-
sweet juice, apparently for the sake of eliminating something in-
jurious from the sap: this is effected, for instance, by glands at the
Tase of the stipules in some Leguminose, and at the backs of the
Jeaves of the common laurel. This juice, though small in quantity, -
s greedily sought by insects ; but their visits do not in any way
‘Tenefit the plant. Now, let us suppose that the juice or nectar was-
excreted from the inside of the flowers of a certain number of plants.
of any species. Insects in seeking the nectar would get dusted with.
pollen, and would often transport, it from one flower to another.
The flowers of two distinct individuals of the same species would
thus get crossed ; and the act of crossing, as can be fully proved,
gives rise to vigorous seedlings, which consequently would have the.
est chanco of flourishing and surviving. The plants which produced
flowers with the largest glands or nectaries, excreling most nectar,
would oftenest be visited by insects, and would oftenest be crossed ;
aud 50 in the long-run would gain the upper hand and form a local
variety. The flowers, also, which had their stamens and pistils.
placed, in relation to the size and habits of the particular insect
which visited them, 50 as to favour in any degre the transportal of
the pollen, would likewise be favoured. We might have taken the-
caso of insects visiting flowers for the sake of collecting pollen in-
stead of nectar; and as pollen is farmed for the sole purpose of
fertilisation, its destruction appears to be  simple loss to the plant ;
yet if a little pollen were carried, at first occasionally and then
luabitually, by the pollen-devouring insects from flower to fower,
and a cross thus effected, althongh ninc-tenths of the pollen were
destroyed, it might stil be a grent gain to the plant to be thus
mobled; and the individuals which produced more and more pollen,
and had larger anthers, would be selected.

When our plant, by the above process long continued, had been
rendered highly attractive to inscets, they would, unintentionally on
their part, regularly carry pollen from flower to flower; and that
ey do this effectually, T could easily show by many striking facts.
1 vill give ouly one, as likewise illustrating one step in the separa-
“:‘;: (;\“hc sexes of plants, Some holly-trees bear only male flowers,.
Tl e four stamans producing a rather small quantity of
flomees n,:.:‘ }::‘ve_mmyt ﬁsrgl; other holly-trees bear only female-
shiivelln e & fullsized pisil, and four stamens with.

s, in which not a grain of pollen can bo detected.
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ing $und a fomale tree exactly sixty yards from a malo tree,1
under the microscope, and on all, without exception, there wero g
fow pollen-grains, and on somo a profusion. As the wind had set
for several days from the female to the male tree, the pollen conld
not thus have been carried. Tho weather had been cold and
boisterous, and therefore not favourable to bees, nevertheless every
female flower which T cxamined had been effectually fertilised by
the bees, which had flown from tree to tree in search of nectar. But
to return to our imaginary case: as soon as the plant had been
rendered so highly attractive to insects that pollen was regularly
carried from flower to flower, another process might commence, No
naturalist doubts the advantage of what has been called the “physio-
logical division of labour ;> hence we may believe that it would be
advantageous to a plant to produce stamens alone in ono flower or
on one whole plant, and pistils alone i another flower or on another
plant. In plants under culture and. placed under new conditions of
life, sometimes the male organs and sometimes the female organs
become more or less impotent ; now if we suppose this to occur in
ever 5o slight a degree under nature, then, as pollen is already
carried regularly from flower to flower, and as a more complete sefa-
ration of the sexes of our plant would bo advantageous on the prin-
ciple of the division of labour, individuals with this tendency more
and moro_increased, would be continually favoured or solected,
until at last a complete separation of tho sexes might bo 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;
ut T may add that some of the species of holly in North America,
are, according to Asa Gray, in an exactly intermediate condition, or,
48 e expresses it, are more or less diaciously polygamous.

Let us now turn to the nectar-feeding insects; we may suppose
the plant, of which we have been slowly increasing the nectar by
continued selection, to be a common plant; and that certain
insects 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 outting holes and sucking the nectar ab
the hases of cartain flowers, which with a very little more trouble,
they can enter by the mouth. - Bearing such facts in mind, it may
e elieved that under cortain circumstances individual differences
in the curvature or length of the proboscis, de., too slight to bo
appreciated by us, might profit a bee or other insect, so tha
certain individuals would be able to obtain their food more quickly
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than others; and thus the communities to which they belonged
would flourish and throw off many swarms inheriting the same
peculiarities. The tubes of the corolla of the common red and
incarnate clovers (Trifolium pratense and incarnatum) do not on a
‘Tasty glanco appear to differ in length ; yet the hive-hee can easily
suck the nectar out of the incarnate clover, but not out of the
common red clover, which is visited by humble-bees alone ; 5o that
whole felds of the red clover offer in vain an abundant supply of
precious nectar to the hive-bee. That this nectar is much liked by
the hive-bee is certain ; for I have repeatedly seen, but only in the
autumn, many hive-bees sucking the flowers through heles bitten
in the base of the tube by humble-bees. The difference in the
Length of the corolla in tho two kinds of clover, which determines
the visits of the hive-bee, must be very trifling; for I have been
assured that when red clover has beon mown, the flowers of the
nd crop are somewhat smaller, and that these are visited by
many hive-bees. T do not know whether this statement is acou-
rate; nor whether another published statement can be trusted,
aamely, that the Ligurian bee, which is generally considered a
mere variety of the common hive-bee, and which frecly crosses with
i, is able to reach and suck tho neotar of the red clover. Thus, in
a country where this kind of clover abounded, it might bo a great
advantage to the hive-beo to have a slightly longer or differently
constructed proboscis. On the other hand, ns the fertility of this
clover absolutely depends on bees visiting the flowers, if humble-
were to become rare in any country, it might be a great
advantage o the plant to have a shorter or moro deeply divided
‘caroll, 5o that the hive-bees shiould be cnabled to suck its flowers.
Thus I can understand how a flower and a bee might slowly
‘become, cither simultancously or one after the other, modified and
adapted to each other in the most perfect manner, by the con-
tinued preservation of all the individuals which presented slight
deviations of structure mutually favourable to each other.

Tam well aware that this doctrine of natural selection, exempli-
fied in the above imaginary instances, is open to the ssme objections
which were first urged against Sir Charles Lyell's noble views on
*+the modern chavges of the earth, as illustrative of goology ;” but
‘e now seldom hear the agencies which we see still at work, spoken

ingor insignificant, when used in explaining the excavation

of the despest valleys or ‘the formation. of long lines of fnland
o selection acts only by the preservation and accumu-
c:r‘»’:i t mall inherited modifications, each profitable to the pre-
ved being; and as modern geology has almost banished such
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views as the excavation of a great valley by a single diluvial waye,
so will natural sclection banish the bolief of the continued oreation,
of new organic beings, or of any great and sudden modification in
their structure.

On the Tutercrossing of Tndsviduals.

T must here introduce a short digression. In the case of animals
and plants with separated sexes, it is of course obvions that two
individuals must always (with the exception of the curious and
not well-understood cases of parthenogenesis) unite for each birth ;
but in the case of hermaphrodites this is far from cbvious,
Nevertheless thero is reason to believe that with all hermaphrodites
two individuals, cither occasionally or habitually, concur for the
reproduction of their kind. This view was long ago doubtfully
suggested by Sprengel, Knight and Kélreuter. We shall presently
sec its importance ; but I must here treat the subject with extreme
brevity, though 1 have the materials prepared for an ample dis-
cussion.  All vertebrato animals, all insects, aud some other large
‘groups of avimals, pair for each birth. Modern research has much
diminished the number of supposed hermaphrodites, and of real
hermaphrodites a large number pair; that is, two individuals
regularly unite for reproduction, which is all that concerns us,
But still there are many hermaphrodite animals which certainly do
not habitually pair, and a vast majority of plants are hermaphro-
dites. What reason, it may be asked, is there for supposing in
these cases that two individuals ever concur in reproduction? As
it is impossible here to enter on details, I must trust to some
general considerations alone,

In the first place, I have collected so large a body of facts, and
made so many experiments, showing, in accordance with the almost
universal belief of breeders, that with animals and plants a cross
between different varicties, or between individuals of the samo
variety but of another strain, gives vigour and fertility to the off
spring; and on the other hand, that close interbreeding diminishes
vigour and fertility ; that these facts alone incline me to believe
that it is a general law of nature that no organic being fertilises
itself for a perpetuity of generations; but that a eross with another
individual is occasionally—perhaps at long intervals of time—
indispensable.

On the belief that this is a law of nature, we can, T think, under-
stand several largo classes of fucts, such as the following, whicl
on any other view are inexplicable. Every hybridizer knows how
unfavourable exposure to wet is to the fertilisation of a flower, yeb
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swhat a multitude of flowers have their anthers and stigmas fully
exposed to the weather! 1f an oceasional eross bs iudispensable.
‘notwithstanding that the plant’s own anthers and pistil stand so
near each other a8 almost to ensure sel-ferilisation, the fullest
freedom for the entrance of pollen from another individual will
explain the above state of exposure of the orguns. Many flowers,
on tho other hand, have their organs of fructification closely
enclosed, as in the great papilionaceous or pea-funily; but theso
almost, invariably present beautiful and curious adaptations in
relation to the visits of insects. So necessary are the visits of bees
to many papilionaceous flowers, that their fertility is greatly dimic
nished if these visits be prevented. Now, it is scarcely possible for
insects to fly from flower to flower, and not to carry pollen from
ane to the other, to the great good of the plant. Tnsects act like a
camel-hair pencil, and it is sufficient, to ensure fertilisation, just to
tonch with the sume brush the anthers of one flower and then the
stigma of another ; but it must not be supposed that bees would
thus produce a multitude of hybrids between distinet species ; for it
a plant’s own pollen and that from another species are placed on
the same stigma, the former is so prepotent that it invariably and
completely destroys, us lias been shown by Gértner, the influence
of the forcign polien.

+ When the stamens of a flower suddenly spring towards the pistil,
or slowly move one after the other towards it, the contrivance
seems adapted solely to ensure self-fertilisation ; and no doubt it is
useful for this end: but the agency of insects is often required to
cause the stamens to spring forward, as Kilreuter has shown to be
the case with the barberry ; and in this very genus, which seers to
Lave a special contrivance for self-fertilisation, it is well known
that, if closely-allied forms or varicties are planted near each other,
it is hardly possible to raise pure seedlings, o largely do they
naturally cross. In numerous other cases, far from self-fertilisation
being favoured, there are special contrivances which cficetally
proveat the stigma receiving pollen from its own flower, as 1 could
show from the works of Sprengel and others, as well as from my
own observations : for instance, in Lobelia fulgens, thero is a really
beantiful aud elaborate contrivance by which all the infinitely
numerous potlen-granules are swept, out of the conjoined anthers of
<ach flower, before the stigma of that individual flower is ready to
Teceive them; and as this flower is never ‘visited, at least in my
garden, by insects, it nover sets a sced, though by placing pollen
from one lower on the stigma of another, T raised plenty of sced-
lings. Another species of Lobelia, which is visited by bees, seeds
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Srecly in my garden. In very many other cases, though thero is no.
special mechanical contrivance to prevent the stigma recsiving
yollen from tho sume flower, yet, as Sprengel, and more recently
Hildobrand, and others, have shown, and as I can confirm, cither
the anthers burst before the stigma is ready for fertilisation, or the
stigma s ready before the pollen of that flower is ready, so that
these so-named dichogamous plants have in fact separated sexes,
and must habitually be crossed. So it is with the reciprocally
dimorphic and trimorphic plants previously alloded to. How.
strange are hese facts! How strange that the pollen and stigmatio
surface of the same fower, though placed so closo together, as if for
the very purpose of self-fertilisation, should be in so many cases
mutually useless to each other? How simply are these facts ex-
plained on the view of an occasional cross with a distinet individual
being advantageous or indispensablo!

If several varieties of the cabbage, radish, onion, and of some
other plants, be allowed to sced near each other, a large majority of
the secdlings thus raised turn out, as I have found, mongrels: for
instance, I raised 233 seedling cabbages from some plants of different
varioties growing near each other, and of these only 78 wero true to
their kind, and some even of these were not perfeetly true. Yet
the pistil of cach 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 1 have found that plants carefully
protected from insects produce the full number of pods. How,
then, comes it that such a vast number of the seedlings are mon-
grelized ? Tt must ariso from the pollen of a distinct variefy having
@ prepotent effect over the flower's own pollen; and that this i
part of the general law of good being derived from the intercrossing
of distinct individuals of the same species. When distinct species
are crossed the case is reversed, for a plant’s own pollen is almost
always prepotent aver foreign pollen; but to this subject we shall
Teturn in a future chapter.

Tn the case of a large tree covered with innumerable fowers, it
may e objected that pollen could seldom be carried from tree to
tree, and at most only from flower to flower on the same tree; and
flowers on the sume tree can be considered as distinet individuals
only in a limited sense. I believe this objection to be valid, bub
that nature has largely provided against it by giving to trees &
strong tendoncy to bear flowers with separated sexes.  When the
sexes are separated, although the male and female flowers may be
produced on the same tree, pollen must be regularly carried from
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Jower ; and this will give a better chance of pollen being
B oy i from tos o . That tress belonging o lj
Onders have their sexes more often separated than other plants, I
fnd fo be the caso in this country ; and at my request Dr. Hooker
tabulated the trees of New Zealand, and Dr. Asa Gray those of the
United States, and the result was as I anticipated. On the other
uand, Dr. Hooker informs me that the rule does not old good in
Australia; but if most of the Australian trees are dichozamous, the
<ame result would follow as if they bore flowers with separated
sexes. 1 have made these few remarks on trees simply to call
attention to the subject.
Turning for a brief space to animals: various terrestrial species
are ites, such as the 1 llusca and earth: N
but these all pair. As yet I bavo not found a single terrestrial
animal which can fertlise itself, This remarkable fact, which offers
50 strong a contrast with terrestrial plants, is intelligible on the view
of an cccasional cross being indispensable ; for owing to the nature of
the fertilising element there are no means, analogous to the action
of inscets and of the wind with plants, by which an occasional cross
could be effected with terrestrial animals without the concurrence of
two individuals. Of aquatic animals, there are many self-fertilising
hermaphrodites; but here the currents of water offer an obvious
means for an occasional cross.  As in the case of flowers, 1 have as
yet failed, after consultation with one of the highest authorities,
namely, Professor Huxloy, to discover a single hermaphrodite animal
with the organs of reproduction so perfeotly enclosed that access
from without, aud the oceasional influence of a distinet individual,
can be shown {o be physically impossible. Cirripedes long appeared
0 me to present, under this point of view, a case of great difficulty ;
but I have been enabled, by a fortunate chance, to prove that two
individuals, though both “are self-fertilising hermaphrodites, do-
sometimes cross, S
Tt must have strack most naturalists as a strange anomaly that,
bath with animals and plants, some species of the same family and
even of the same genus, though agrecing closely with each other in
their whole organisation, are hermaphrodites, and some unisexual,
But if, in fact, all hermaphrodites do occasionally intercross, the
difference between them and unisexual specis is, as far as function
is concerned, very small.
_ From these several considerations and from the many special
facts which I have collected, but which I am unable here to give,
it appears that with animals and plants an occasional intercross
between distiact individuals is a very general, if ot wniversal, law
f mature.

o
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Circumstances favourable for the production of new forms
through Natural Selection.

This is an extremely intricate subject. A great amfxuxxt‘of varia.
Dility, under which term individual differences aro always included,
will evidently be favourable. A large number of individuals, by
giving a better chance within any given period for the appearance
of profitable variations, will compensato for a lesser amount ot
variability in each individual, and is, I believe, a highly importang
clement of success. Though Nature grants long periods of time for
the work of natural selection, she does not grant an indefinite
period ; for as all organic beings are striving to seizo on cach place
in the economy of nature, if any one species does not become modi-
fied and fmproved in a corresponding degree with its competitors, it
will be exterminated. Unless favourable variations be inherited by
some at least of the offspring, nothing can be effcoted by natural
selection. The tendency to reversion may often check or prevent the
work; but as this tendency has not prevented man from forming
by selection numerous domestic races, why should it prevail against
anatural selection ?
s0 of methodical selection, a breeder selects for somo
definite object, and if the individuals bo allowed freely to intereross,
his work will completely fail. But when many men, without
intending to alter the breed, have a nearly common standard of
ction, and all try to procure and breed from the best animals,
improvement surely but slowly follows from this unconscious
process of selcction, notwithstanding that there is no separation of
selectod individuals. Thus it will be under nature; for within
confined area, with some place in the natural pality not perfectly
occupied, all the individuals varying in the right direction, though
in different degrecs, will tend to bo preserved. But if the area bo

acge, it several districts will almost, certainly present different
conditions of lifo; and then, if the same  spcies undergoes modifi
-cation in different distriots, the newly-formed varieties will intercross
o tho confines of cach. But we shall sco in the sixth chapter that
intermediate varieties, inhabiting intermediate districts, will in the

birth and wander much,
ate. Hence with aniny

o b hermaphrodite organisms which cross
«wnly occasionally, and likewise with animals which unite for each
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birth, but which wander lttle and can incroase at a rapid Tate, &
pew and improved variety might bo quickly formed on any one
Spot, and. might there maintain itself in a body and aftervards
spread, so that tho individuals of the new variety would chicfly
cross together. On this principle, nurserymen always prefer saving
seed from o large body of plants, as the chance of intercrossing is
thus lossene %

Evey with animals which unite for each birth, and which do not
Jropaghte rapidly, we must not assume that free intercrossing would
always eliminate tho effects of natural selection ; for I can bring
forward a considerable body of facts showing that within the same
aren, two varicties of the sume animal may long remain distinct,
from haunting different stations, from breeding at slightly different
seasons, or from the individuals of each variety preferring to pair
tozether. 8

Tntercrossing plays a very important part in nature by keeping
the individuals of the same specics, or of the same variety, true and
uniform in eharacter. Tt will obviously thus act far more efficiently
with those animals which unito for each birth ; but,as already stated,
o hiave reason to believe that occasional intercrosses take place with
all animals and plants.  Even if these take place only at long inter-

of time, the young thus produced will gain so much in vigour
and fertlity over the offspring from long-continued self-fertilisation,
that they will have a better chance of surviving and propagating
their kind; and thus, in the long run, the influence of crosscs, even
at rare infervals, will be great. With respect to organic beings
extremely low in’ the scale, which do not propagate sexually, nor
conjugate, and which cannot possibly intercross, uniformity of cha-
racter can be retained by them under the same conditions of life,
only throngh the principlo of inheritance, and through natural selec-
tion which will destroy any individuals departing from the proper”
type. If the conditions of ife change and the form undergoes modifi-
cation, uniformity of eharacter can be given to the modified offspring,
solely by natural selection presersing similar favourable variations.

Isolation, also, s an important element in the modification of
species through natural selection. In a confined or isolated area, if
ot very large, the organic and inorganic conditions of lifo will
generally be almost uniform; so that natural selection will tend to
modify all the varying individuals of the same species in the same
manner. Intercrossing with the inbabitants of the surrounding dis-
tricts will, also, be thus prevented. Moritz Wagner has lntely pub-
Lished an interesting essay on this subject, and has shown that, the
sarvice rendored by isolation in preventing crosses between newly-
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o1 varieties is probably greater cven than I supposed. - Bug
e eads assigned 1 cn by no means agroo with thiy
‘naturalist, that migration and isolation are necessary elements for
tho formation of now specics. The importance of isolation is like-
wise great in preventing, after any physical change in the conditions
such as of climate, elevation of the land, d:ci, the }malgr.mnn of
Detter adapted orgatiisms; and thus new places in the natural
coonomy o the district will bo left_open to b filled up by the
‘modification of th old inhabitants. ~Lastly, isolation will give time
for a new variety to be improved at a slowrate; and this may some-
times be of much importance, 1 however, an isolated area be very
small, either from being surrounded by barriers, or from having very
peculiar physical conditions, the total number of the inhabitants
will be small; and this will retard the production of new species
through natural selection, by decreasing the chances of favourabls
‘variations arising.

The mere lapse of time by itself does nothing, either for or against
natural selection, I state this because it has been erroneously
asserted that the clement of time has been assumed by me to play
an all-important part in modifying species, as if all the forms of lifs
were necessarily undergoing change through some innate law, Lapse
of time is only so far important, aud. its importance in this respect
is great, that it gives a better chance of beneficial variations arising,
and of their being selected, acoumulated, and fixed. ewiso
tends to increase the direct action of the physical conditions of life,
in elation to the constitution of each organism,

If we turn to nature to test the truth of these remarks, and lock
at any small isolated area, such a5 an occanic island, although the
number of species inhabiting it is small, as wo shall seo in our
chapter on Geographical Distribution ; yet of these species a very
Iarge propartion are endemic,—that is, have been produced there,
and nowhers else in the world. Hence an oceanic island at first
sight seems to have bocn highly favourable for the production of
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sanco of favourabl variations, arising from the large number
fxetifdr;:zum of the same species there supported, but the conditions
of lifo are miich more complex from the large mumber of already
existing specics ; and if some of these many species become modified
and improved, others will have to be improved in a corresponding
dogree, or they will be exterminated. Each new form, also, as soon
as it has been much improved, will be able to spread over the open
and continuous area, and will thus come into competition with
‘many other forms. Moreover, great areas, though now continuous,
will often, owing to former oscillations of level, have, existed in &
broken condition'; so that the good effects of isolation will generally,
1 a certain extent, have concurred. Finally, T conclude. that,
although small isolated areas have been in some respects highly
favourable for the production of new species, yet that the course of
modification will generally have been more rapid on largo 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, and will give rise to the
greatest number of new varities and species. They will thus play

a more important part in the changing history of the organic
world.

Tn accordance with this view, wo can, perhaps, understand somo
facts which will bo again alluded to in our chapter on Geographical
Distribution  for instance, the fact of the productions of the smaller
continent, of Australia now yielding before those of the larger
Europeo-Asiatic area. Thus, also, it s that continental productions
have everywhere become o largely naturalised on islands, On a
small island, the race for lifo will have been less severe, and there
will have been less modification and less extermination. Hence, we
can understand how it is that the flora of Madeira, according fo
Oswald Heer, resombles to a certain extent the extinet tertiary flora
of Europe. All fresh-water basins, taken together, make a small
area compared with thaof tho sea or of the land. - Consequently,
tho competition between fresh-water productions will have been less
severe than elsewhere ; new forms will have been then more slowly
produced, and old forms more slowly exterminated. And it is in
fresh-water basins that, we find soven genera of Ganoid fishes,

Omithorbynchus and Lepidosiren, which, like fossls, connect to

Sertain extent orders at. present widely sundered in tho natural

e iheso anomalous forms may be called living fossils; they

‘have endured to the Present day, from having inhabited a confined
c2
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varied, and therefore less

aren, and from having been exposed to les

Vi mpetition. i
T s \llp, as far as the extreme intricacy of the subject permits,
the ci favourable and for tho product
new spocies through natural selection. 1 conclude that for terrestrial
productions o large continental area, which has undergone many
oscillaions of level, will have been the most favourable for the pro-
duction of many new forms of life, fitted to endure for a long time
and to spread widely. Whilst the area existed as a continent, the
inhabitants will have been numerous in individuals and kinds, and
will have been subjected to severe competition. When converted
Ty subsidence into large soparate islands, there will still have existed
‘many individuals of the same species on each island ¢ intercrossing
on the confines of the range of each new species will have been
checked : after physioal changes of any ind, immigration will have
Teen prevented, so that new places in the polity of each island will
have had to be filled up by the modification of the old inhabitantss
and time will have been allowed for the varieties in each to become
wall modified and perfected. When, by renewed clevation, the
islands were reconverted into a continental area, there will again
have been very severe compevition : the most favoured or improved
varieties will have been enabled to spread : there will have boen
much extinction of the less improved forms, and the relative propor-
tional numbers of the varions inhabitants of the reunited continent
will again have been changed ; and again thero will have been a fuir
field for natural selection to improve still further the inhabitants,
and thus to produce new species,

That natural selection generally acts with extreme slownessT fully
adumit. Tt can act only when there are places in the natural polity
of a district which can be better occupied by the modification of
some of its existing inhabitants. The oceurrence of such places will
often depend on physical changes, which generally take place very
slowly, and on the immigration of better adapted forms being pre-
vented. As some few of the old inhabitants become modified,
the mutual relations of others will often be disturbed ; and this
will reate new places, ready o be filled up by better adapted forms;
but all this will take place very slowly. Although all the indi-
viduals of the same species differ in some slight degree from each
other, it would often be long before differences of the right nature

that theso soveral causes are amply suffcient to nentralise the power
of natural sclection. 1 do not believe so. But T do believe that
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satural selection will generally act very slowly, only at long intervals
of time, and only on a few of the inhabitants of the same region. I
further believe that these slow, intermittent results accord well
with what geology tells us of the rate and manner a¢ which the in-
Babitants of the world have changed.

Slow thongh the process of selection may be, if fecble man can
o much by artificial selection, T can see no limit to the amount, of
change, to the beanty and complexity of the coadaptations between
all organic beings, one with another and with their physical con-
ditions of life, which may have been effected in the long course of
time through mature's power of selection, that is by the survival
of the fittest.

Eatinction caused by Natural Selection.

This subject will be more fully disoussed in our chapter on
Geology ; but it must here e alluded to from being intimately con=
nected with natural selection. Natural selection acts solely throngh
the preservation of variations in some way advantageous, which
onsequently endure. Owing to the high geometrical rate of increase
of all organic beings, each area is already fully stocked with inhabit-
ants ; and it follows from this, thatas the favoured forms increase in
number, s0, generally, will the less favoured decrease and become
mare. Rarity, as geology tells us, is the precursor to extinction. We
can seo that any form which is represcnted by few individuals will
run a good chance of utter extinction, during great fluctuations in
the nature of the seasons, or from & temporary increase in the number
of its cnemies. But we may go further than this; for, as new forms
are produced, unless we admit that specific forms can go on indefi-
nitely increasing in number, many old forms must become extinct.
‘That the number of specific forms has not indefinitely increased,
geology plainly tells us; and we shall presently attempt to show
why it is that the mumber of species throughout tho world has not
Decome immeasurably great.

We have seen that the species which are most numerous in indi-
viduals have the best chance of producing favourable variations
within any given period. We have evidence of this, in the facts
stated in the second chapter, showing that it is the common and

used or dominant species which offer the greatest number of
recorded varieties. Hence, rare species will be less quickly modified
or improved within any given period they will cansequently be
beaten in the race for life by the modificd and improved descendants
of the commaoner specics.

From these several considerations T think it inevitably follows,
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thnt as new species in the course of time are formed through natural
selection, others will become rarer and rarer, and finally extinct,
“The forms which stand in closest competition with those undergoing
‘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 specis, and spocies
of the same genus or of related genera,—which, from having nearl
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 generally
pross hardest on its nearest kindred, and tend to oxterminato them,
W sce the same process of extermination amongst our domestioated
productions, through the selection of improved forms by man.
Many curions instances could bo given showing how quickly new
eeeds of cattle, sheop, and other animals, and varisties of fowers,
take the place of older and inferior kinds. In Yorkshire, it is
historically known that the ancient black cattle wero displaced by
the long-horns, and that these “were swept away by the short-
Torus” (I quote the words of an agricultural writer)  as if by some
‘murderous pestilence.”

Divergence of Character.

The principle, which I have designated by this term, is of high
importance, and explains, as I believe, several important facts. In
the first place, varietics, even strongly-marked ones, though having
somewhat of the character of species—as is shown by the hopeless
doubts in many cases how to rank them—yet certainly differ far
less from cach other than do good and distinct species, Neverthe-
less, according to my view, varieties are species in the process of
formation, or are, as I have called them, incipient, species. How,
then, does the lesser difference between vari come augmented
into the greater difference between species? That this does habitu-
ally happen, we must infer from most of the jnnumerablo species
throughont naturo preseuting well-marked. differences ; wheress
varicties, the supposed prototypes and parents of future well-marked
species, presont,slight and ill-defined differences, Mere chance, 1

2 degroo of difference as that betwoen the specics of the same

genus, :
As has always been my practice, T haye sought light on this
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head from our domestic productions, We sball hero find something
analogous. It will be admitted that the production of races so
different as short-horn and Hereford cattle, race and cart horses,
the several breeds of pigeons, &, could never have been effected by

0 mere chance acoumulation of similar variations during many
successive generations. In practice,a fancier is, for instance, struck
by a pigeon having a slightly shorter beak; another fancier is
struck by a pigeon having @ rather longer beak; and on the
acknowledged principle that  fanciers do not and will not admirs
2 medium standard, but like extremes,” they both g0 on (as has
actually occurred with the sub-breeds of the tumbler-pigeon)
choosing and breeding from birds with longer and longer beaks, or
with shorter and shorter beaks. Again, wo may suppose that at an
early period of history, the men of one nation or district required
switer horses, whilst thoso of another required stronger and bulkier
horses. The early differences would be very slight; but, in the
course of time, from the continued selection of swifter horses in
the one case, and of stronger ones in the other, the differences would
Decome greater, and would be noted as forming two sub-breeds.
Ultimately, after the lapse of centurics, these sub-breeds would
become converted into two well-established and distinct breeds. As
the difforences became greater, the infericr animals with interme-
diate characters, being neither very swift nor very strong, would
not have been used for breeding, and will thus have tended to dis-
appear.  Here, then, we see in man's productions the action of what
may be called the principle of divergence, causing differences, at
first barely appreciable, steadily to increase, and the breeds to
diverge in charaster, both from each other and from their common
parent,

But how, it may be asked, can any analogous principle apply in
anture? T believe it can and does apply most efficiently (though it
was a long time before I saw how), from the simple circumstanco
that the more diversified the descendants from any ono-species
Decome in structure, constitution, and habits, by so much will they
Do better enabled to seize on many and widely diversified places
in the polity of nature, and 5o be enabled to increase in mumbers,

We can clearly discern this in the case of animals with simple
habits. Take the case of a carnivorous quadruped, of which the
number that can be supported in any country has long ago arived
at its full average. If its natural power of increase be allowed to
act it can succeed in increasing (the country not undergoing any
change in conditions) only by its varying descendants seizing on
places at present occupied by other animals: some of them, for
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: ing enabled to feed on mew kinds of prey, cither dead
fasss BRI climbing trees, frequenting

or alive; some inbabiting new stations, X
\vater, and some perhaps becoming less carnivorous, n
diversified in habits and structure the descendants of our carnivo-
rous animals become, the more places they will be enabled to occupy.
What applies to one animal will apply throughout all time to all
animals—that is, if they vary—or otherwise natural selection can
effect nothing, So it will b with plants. It has been exper
‘mentally proved, that if a plot of ground be sown with one species
of grass, and o similar plot be sown with several distinct genera of
grasses, a greater number of plants and a greater weight of dry
Herbage can be raised in the latter than in the former case. The
same has been found to hold good when one variety and several
mixed varieties of wheat have becn sown on equal spaces of ground.
Hence, if any one species of grass were 0 go on varyiny, and the
Varicties were continually selcoted which differed. from each other
in the same manner, though in a very slight dex tho
distinet species and genera of grasses, a greater number of individual
plants of this species, including its modified descendants, would
suceeed in living on the same piece of ground. And we know that
cach species and each variety of grass is annually sowing almost
countless seeds ; and is thus striving, as it may be said, to the
utmost to increase in number. Consequently, in the course of many
thousand generations, the most distinct varieties of any one species
of grass would have the best chance of succeeding and of increasing
in numbers, and thus of supplanting the less distinet varieties; and
varictics, when rendered very distinct from cach other, take the rank
of specics.

The truth of the principle that the greatest amount of life can bo
supported by great diversification of structure, is seen under many.
natunal ciroumstances. In an_extremely small area, especially if
freely open to immigration, and whero the contest between indivi-
dual and individual must be very 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 specics of
Plants, and these belonged 1o eighteen genera and to eight orders,
which shows how much these plants differed from each other. S0
it is with the plants and insects on small and uniform islets: also
in small ponds of fresh water. Farmers find that they can maiso
most food by a rotation of plants belonging 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
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picce of ground, could live on it (supposing its nature not to be in
any way peculiar), and may be said to be striving to the utmost to
live there; but, it is seen, that where they come into the closest
competiio, the advantages of divensifeation of sructure, with the
accompavying differences of habit and constitution, determing

that the inhabitants, which thus jostle each other most c\nsl,ly,
shall, as a general rule, belong to what we call different genera
and orders.

‘The same principle is seen in the naturalisation of plants through

an’s agency in foreign lands. It might have been expected 1lmz
the plants which “ml]d succeed in becoming naturalised an;
Gl e A e e o
these are commonly looked at as specially created and adapted
for their own country. It might also, perhaps, have been expected
that naturalised plants would have belonged to a few groups more
especially adapted to certain stations in their new homes. But the
case is very different; and Alph. de Candolle has well remarked, in
bis great and admirable work, that floras gain by naturalisation,
proportionally with the number 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 the Northern United States,’ 260 naturalised plants aro
enumerated, and. theso belong to 162 genera. We thus sco that
these naturalised plants are of a highly diversified nature. They

ifler, moreover, to a large extent, from tho indigenes, for out of the

162 naturalised genera, no less than 100 genera are not there indi-
genous, and thus a largo proportional addition is made to the genera
now living in the United States.

By cousidering the nature of the plants o animals which bave in
any country struggled successfully with the indigenes, and have
there Lecome naturalised, we may gain some crude idea in what
manner some of the natives would have to be modified, in order to
fin an advantage over their compatriots; and we may at least
infer that diversification of structure, amounting to new generic
differences, would be profitable to them.

The advantage of diversification of structure in the inhabitants
of the same region is, in fact, the same as that of the physvologmnl
division of labour in the organs of the same individual body.
subict 30 wall olucidated by Milno Edwards, No physciogist
<loubts that a stomach adapted. to digest vegotable matter alone, or
Hlesh alone, draws most nutriment from L}zeu substances. So in the
general economy of any land, the more widely and perfectly the
animals and plants are diversified for different habits of life, so will
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4 ndividuals bo capable of there supporting
e e e with heir orgaisation but il
diversifed, could hardly competo with & set more perfectly diversified
(b structare, Tt may bo doubted, for instance, whether the Austra-
Hian marsupials, which aro divided into groups diflring but ltdle
from each other, and fecbly representing, as Mr. Waterhouso and
others have remarked, our carnivorous, ruminant, and Todent mame
Tmals, could successfuly competo with these well-developed.orders.
Tn the Australian mammals, we sce the process of diversification jn
an early and incomplete stage of dovelopment.

The Probable Effects of the Action of Natural Selection through
Divergence of Character and Extinction, on the Descendants of
Common Ancestor.

After the foregoing discussion, which has been much compressed,
we may assume that the modified descendants of any one species.
will succeed 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 2id us in understanding this.
Tather perplexing subject. Let A to L represent the species of &
gonus large in its own country; these species are supposed fo
Tesemble each other in unequal degrees, as is so generally the cas
in nafure, and as is represented in the diagram by the letters.
standing at unequal distances. 1 have said a largo genus, becanso
4 we saw in the second chapter, on an average more species vary i
large genera than in small genera ; and the varying species of the
large genera present a greater number of varictics. We have, also,
seen that tho species, which are the commonest and the most widely
diffused, vary more than do the rare and restricted species. Let (A)
be & common, widely-diffused, and varying species, belonging t &
genus large in its own country. The branching and diverging
dotted lines of uncqual lengths proceeding from (A), may represent
its varying offspring. ~ The variations are supposed {0 be extremely
slight, but of the most diversified nature; they are not supposed all
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sented by the outer dotted linu) eing preserved and accumulated
Ry it st When a dotted line reaches ono of th hori-

B itis il b Lt
affcent amount o variation is supposed o havo been sccumulatod
to form it into o firly woll-marked variety, such as would be
thought worthy of record in  systematic work.

The intervals between the Lorizontal lines in the diagram, may
represent each o thousand or moro generations.  After a thousand
genenations, species (A) is supposed. to have produced two fuirly

l-marked varieties, namely @*and m, These o varieties will
BRI 1% et 0 s oo which mads theic
parents variable, and_tho tendency to variability is in tself heredi-
tary; consequently they will likewise tend to vary, and commonly
in nearly the same manner as did their parents. Moreover, these
‘o varietes, being only slightly modified forms, will tend to inberit
thoso advantages which made their parent (A) more numerous than
‘most of the other inhabitants of the same country ; they will also
partake of those more general advantages which made the genus to
which the parent-species belonged, a large genus in its own country.
And all these ciroumstances aro favourable to the production of new

1, then, theso two varietics be variable, the most divergent of
their variations will generally be preserved during the next thousand
generations.  And after this interval, varicty a! is supposed in the
diagram to have produced variety %, which will, owing o the prin-
ciplo of divergence, differ more from (A) than did variety a,
Vatioty m is supposed to bave produced two varietics, namely m*
and &, differing from cach other, and more considerably from their
common parent (A). We may continue tho process by similar
stepsfor any lengih of time; some of the varieties, after each
thousand generations, producing only a singlo varicty, but in a more
and more modified condition, some producing 70 or three varicties,
and some failing to produce any. Thus the varieties or modified
descendants of the common parent (4), will generally go on
increasing in number and diverging in charcter. In the diagram
the process is represented up to the ten-thousandth generation, and
under a condensod and simplificd form up to the fourteen-thousandth
gencration.

But T must here remark that T do not suppose that the process
ever goes on 50 regularly as is ropresented in the diagram, though in
itself made somewhat irregular, nor that it gocs on continuously ; it
is far more probablo that each form remains for lovg periods unal~
tored, and then again undergoes modification. Nor do I suppose
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that the most divergent varieties are invariably presorved:
‘medium form may often long endure, and may or may not produce
more than one modified descendant; for natural solection will
always act according to the nature of the places which are either
unoceupied or not perfectly occupied by other beings; and this will
depend on infinitely complex relations. 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 o seize on,
and the more their modified progeny will increase. In our diagrm.
the line of succession is broken at regular intervals by small num-
hered letters warking the sucoessive forms which have become
sufficiently distinct to be recorded as varioties. But theso breaks
are imaginary, and might have been inserted anywhere, after inter-
vals long enough to allow the accumulation of a considerable amorus
of divergent variation.
As all the modified descendants from a common and widely-
iffused. species, belonging to a large genus, will tend to partake
f the samo advantages which made their parent successful in
life, they will generally go on multiplying in number as well as
diverging in character : this is represented in the diagram by tho
several divergent branches proceeding from (A). The modified
offspring from the later and more highly improved branches in tho
lines of descent, will, it is probable, often take the place of, and so
destroy, the earlier and less improved branches: this is ropresented
in the diagram by some of the lower branches not reaching to the
upper horizontal lines. In some cases no doubt the process of
aodification wili be confined to a single line of descent, and the
number of modified descendants will not be increased ; althongh
the amount of divergent modification may have been augmented.
This case would he represented in the diagram, if all the lines pro-
eceding from (A) were removed, excepting that from o’ to a®, In
the same way the Inglish race-horse and English pointer have appa-
sently 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 supposed to have
produced three forms, a¥, 7, and 7Y, which, from having diverged
in character during the successive generations, will have come to
differ largely, but perbaps unequally, from each other and from
their common parent. 1 we suppose the amount of change be-
ween each horizoutal line in our diagram to be excessively small,
these three forms may still be only well-marked varietics; but wo
have only to suppose the steps in the process of modification to bo
more numerous o greater in amount, to convert these three forms
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into doubtful or at last into well-defined specics. Thus the diagram.
illustrates the staps by which the small differences distinguishing
varieties aro increased into the larger differences distinguishing spe-
ies. By continuing the same process for a greater number of gene~
rations (as shown in tho diagram in a condensed and simplifiet
manner), wo get cight specios, marked by the lottes betwcen ot
sconded from (A). Thus, us T believe, specics arc
‘multiplied and genera are formed.

In a large genus it is probable that more than one species would
vary. Tn the diagram I have assumed that a second species (1) has
‘produced, by analogous steps, after ten thousand generations, cither
two well-marked varicties (1 and 22) or two species, according to-
‘the amount of change supposed to be represented between the hori
zontal lines. ~ After fourteen thousand generations, six new specios,
marked by the letters ' to 2%, are supposed to have been produced.
Tn any genus, the specics which are already very different in cha-
racter from each other, will generally tend to produce the greatest
number of modified descendants; for these will have the best
chance of seizing on new and widely difforent places in the pol
of nature: hence in the diagram 1 have chosen the extreme specics
(A), and the nearly extreme species (1), as those which have largely
varied, and have given riso to new varieties and species. The other
nine species (marked by capital letters) of our original genus, may
for long but unequal periods continue to transmit unaltered de-
scendants ; and this is shown in the diagram by the dotted lines.
unequally prolonged upwards.

But during the process of modification, represented in the dia-
gram, another of our principles, namely that of extinction, will have
played an important part. As in each fully stocked country mmnl
selection necessarily acts by the seleoted form having some adva
over other forms, there will be a censm.nt
tendency in the improved descendants of any one species to sup-
Plant and exterminate in each stage of descent their predecessors
and their original progenitor. For it should be remembered that
the competition will generally be most severe betiween those forms
which are most nearly related to each other in habits, constitution,
and structure, Hence all the intermediate forms between the earlier
and later states, that is between the less and more improved states
of the same species, as well as the original parent-species itself,
generally tend to become extinct. So it probably will be with many
whole collateral lines of descent, which will be conquered by later
and improved lines. 1f, however, the modified offspring of a species
et into some distinet country, or become quickly adapted to some
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quite new station, in which offspring and progenitor do not come
into competition, both may continue to exist.

1f, then, our diagram be assumed to represent a considerable
amount of modification, specics (A) and all the earlier varieties will
have become extinct, being replaced by eight new species (a to
iy and species (1) will bo replaced by six (4 to ) new species,

But we may go further than this, The original species of our
senus were supposed to resemblo each other in_unequal degrees, as
s so generally the case in naturo; species (A) being more nearly

ted to B, C, and D, than to the other species; and species (1)
more to G, H, K, L, than to the others. These two specics (A) and
(1) were also supposed to be very common and widely diffused
Species, o that they must originally have bad some advaniage over
most of the other species of the genus. Their modified descendants,
fourteen in number at the fourteen-thousandth gemm.m, will
probably have inherited some of the same advantages: they have
s o ool e tcgeoved nia w1 S
stage of descent, 50 as to have become adapted to many related
places in the natural economy of their country. It seems, therefore,
extremely probable that they will have taken tho places of, and
thus exterminated, not only their parents (A) and (1), but likewise
some of the original species which were most nearly rolated to their
parents. Hence very fow of the original species will have trans-
mitted offspring to the fourteen-thousandth generation. We may
suppose that only one (F), of the two species (T and F) which were
Teast closely related to tho other nine original species, has trans-
mitted descendants to this late stage of descent.

The new species in our diagram descended from the original
eleven species, will now be fifteen in number. Owing to the diver-
gent tendency of natural selection, the extreme amount of difference

s o™ and 24 will be much greater than
that between the most distinct of the original cleven species. Tho
now species, moreover, will be allied to each other in a widely dif-
ferent manner. Of the eight descendants from (A) the three marked
@, gt g, will be nearly related from having recently branched off
from 5 B, and 4, from having diverged at an earlier period from
%, will b in some degree ditinet rom the three frt-named speies
and lastly, o', ¢, and M, will be nearly related one to the other,
‘but, from having diverged at the first commencement of the process
of modification, will be widely different from the other five species,
and may constitute a sub-genus or a distinct genus.

The six descendants from (1) will form two sub-genera or gencra,
But as the original species (1) differed largely from (A), standing

Darwin Online: By permission of the Trustees of the Natural History Museum
(Londor).



Cuar. IV, Natural Selection. 95

nearly at he extreme end of the original gonus, the six descendants
from (1) will, owing to inheritance alone, differ considerably from
tho cight descendants from (A)3 the two groups, morcover, aro
supposed to have gone on diverging in different, directions. The
intermediate species, lso (and tbis is a very important considera-
tion), which connected the original species (A) and (I), have all
become, excepting (F), extinct, and havo left no descendants,
Henco the six new species descended from (), and the cight, de-
scended from (A), will have to be ranked as very distinct genera,
o even as distinct sub-families.

Thus it s, as T believe, that two or more genera are produced.
by descent, with modification, from two or more. species of the same
genus. And tho two or more parent-species are supposed to be
descended. from some one species of an carlier genus. - In our dia-
gram, this is indicated by the broken lines, beneath the capital
letters, converging in sub-branches downwards towards a. single
point ; this point represents a species, the supposed progenitor of our
several new sub-genera and genern.

It s worth while to reflect for & moment on. the character of the
now species ¥, which is supposed not, to have diverged much in
haracter, but to have retained the form of (F), either unaltered or
alfered only in a slight degree. In this case, its affnities to the
other fourteen new species will be of a curious and circuitous nature.
Being descended from a form which stood between the parent-species
(&) and (1), now supposed to be extinct and unknown, it will be
in some degree intermediate in character between the two groups
descended from these two species. But s these two groups have
gone on diverging in character from the type of their parents, the
new specics () will not be directly intermediate between them,
but rather between types of the two groups 3 and every naturalist
will be able to call such cases before his mind.

Tn the diagram, each horizontal line has hitherto been supposed
to represent a thousand generations, but each may represent a
million or more generations ; it may also represent a sction of the
stccessive strata.of the earth's orust including extinct remains. We
shall, when we come to our chapter on Geology, bave to refer again
o this subject, and I think we shall then see that the diagram
throws light on the affnities of extinet beings, which, though genc-
rally belonging to the same orders, familics, or genera, with those
oW living, yet are often, in some degree, intermediate in character
Dbetween existing groups; and we can understand this fact, for the
extinet species lived at various remote epochs when the branching
Tines of descent had diverged less.
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1 see no reason to limit the process of modification, as now ex-
‘plsined, to the formation of genera alone. 1f,in the diagram, e
suppose the amount of change represented by each successive group
of diverging dotted lincs to bo great, the forms marked o™ o 34,
those marked 5™ and /%, and those marked o** to m, will form
three very distinct genera. Wo shall also have two very distinct
genera. descendod from (1), differing widely from the descendants
of (A). These two groups of genera will thus form two distinct
families, or orders, according to the amount of divergent modifica-
tion supposed to be reprosented in the diagram.  And the two new
families, or orders, are descended from £wo species of the original
genus, and these are supposed to be descended from some still more
ancient and unknown form.

Wo have scen that in cach country it is the species belonging
to the larger genera which oftenest present varieties or incipient
species. This, indeed, might have been expected ; for, s natural
selection acts through one form having somo advantage over other
forms in the struggle for existence, it will chiefly act on those which
already have some advantage; and the largeness of any group
shows that its species have inherited from a common ancestor some

vantage in common. Hence, the struggle for the production of
new and modificd descendants will mainly lie between the larger
groups which are all trying to increase in number. One large group
will slowly conquer another large group, reduce its numbers, and
thus lessen its chance of further variation and improvement.
Within the same large group, the later and more highly perfected
sub-groups, from branching out and. scizing on many new places in
the polity of Nature, will constantly tend to supplant 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 have
as yet suffered least extinction, will, for a long period, continue to
inorease. But whichegroups will ultimately prevail, no man can
predict; for we know that many groups, formerly most estensively
developed, have now become extinct. Looking still more remotely
to the future, we may predict that, owing to the continued and
steady inorease of the larger groups, a multitude of smaller groups
will become utterly extinct, and leave no modified descendants;
and consequently that, of the species living at any one period,
extremely fow will transmit descendants to a remoto futurity. I
shall have to return to this subject in the chapter on Classification,
but I may add that as, according to this view, extremely fow of the
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wore dncient species have transmitted descendants to the prosent
ay, and, as all the descendants of the same species form a class, we
“an understand how it is that there exists 5o fow classes in cach
main division of the animal and vegetable Kingdoms. ~Although
fow of the most ancient species have lefs modified descendants, yet,
at remote geological periods, the carth may have been almost as
well peopled with species of many genera, familics, orders, and
classes, as at the present time.

On the Degree to which Organisation tends to aduance.

Natural Selection acts exclusively by the preservation and accu-
‘mulation of variations, which are beneficial under the organic and.
inorganic conditions to which each creature is exposed at all periods
oflife, The ultimate result is that cach creature tends to become
more and more improved in relation to its conditions, This im-
‘provement inevitably leads to the gradual advancement, of the
organisation of (ho greater number of living beings throughout the
world. But here we enter on a very intricate subject, for naturalists
hiave not dofined to each other’s satisfuction what is meant by an
advance in organisation. Amongst the vertebrata. the degreo of
intellect and an_approach in structure to man clearly come into
play. Tt might be thought that the amount of change which the
various parts and organs pass through in their development from
the embryo to maturity would suffice as a standard of comparison ;
but there are cases, as with certain parasitic crustaceans, in which
several parts of the structure become less perfect, so that the maturo
animal cannot be called higher than its larva. Von Baer’s standard
‘scems the most widely applicable and the best, namely, the amount
of differentiation of the parts of the same crganic being, in the
adult state as I should be inclined to add, and their specialisa-
tion for different functions; or, as Milne Edwards would express it,
the completeness of the division of physiological labour. But wo
shall seo how obsoure this subject is if we look, for instanee, o fishes,
amongst which some naturalists rank those as highest which, like
the sharks, approach nearest to amphibians ; whilst other naturalists
rank the common bony or teleostean fishes as the highest, inasmuch

ey are most strictly fish-like, and differ most from the other

vertebrate classes. W see still more plainly the obscurity of the

subject by turning to plants, amongst which the standard of intel-

deot s of course quite excluded ; and here some botanists rank those

‘plants as highest which have every organ, as segals, petals, stamens,

and pistils, fully developed in cach flower; whereas other botanists,
n
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probably with more truth, look at the plants which have their
several organs much modified and reduced in number as the
‘highest.

Tt we take as the standard of high organisation, the amount of
differentiation and specialisation of the several organs in each being
when adult (and this will include the advancement of the brain for
intelloctual purposes), natural solection clearly leads towards this
standard : for all physiologists admit that the specialisation of organs,
inasmuch as in this state they perform their functions better, i an
advantage to each being; and hence the accumulation of variations.
tending towards specialisation is within the scopo of natural selec-
tion. On the other hand, we can sce, bearing in mind that all
organic beings are striving o increase at a high ratio and to soizo on.
every unoccupied or less well occupied place in the economy of
nature, that it is quite possible for natural selection gradually fo fit
a being to a situation in which several organs would be superfluous
or useless : in such cases there would be retrogression in the scale of
organisation.  Whother organisation on the whole has sctually
advanced from the remotest geological periods to the present day
will be more conveniently discussed in our chapter on Geological
Succession.

But it may be objected that if all organic beings thus tend to
vise 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 forms are far more highly developed than others? Why have
n0t the more highly developed forms everywhere supplanted and
exterminated he lower? Lamarck, who believed in an innate and
inevitablo tendency towards perfection in all organic beings, seems.
to have felt this diffiulty o strongly, that he was led o suppose
that new aud simple forms are continually being produced by spon-
taneous generation. Science has not s yet proved the truth of
this belief, whatever the future may reveal. On our theory the
continued existence of lowly organisms offers no difficulty; for
natural selection, or the survival of the fittest, does not necessarily
include progressive development—it only takes advantage of such
ariations as arise and are beneficial to cach creature under its com-
plex relations of life. And it may be asked what advantage, as far
as we can see, would it be to an infusorian animalcule—to an in-
testinal worm—or cven to an earth-worm, to be highly organised.
If it were no advantage, these forms would be left, by natural selec-
tion, unimproved or but little improved, and might remain for
indefinite ages in their present lowly condition. And geology tells.
us that some of the lowest forms, as the infusoria and rhizopods,
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have remained for an enormous period. in nearly their present state.
But to suppose that most of the many now existing low forms have
a0t in the least advanced since the first dawn of life would be
extremely rash 3 for every naturalist who has dissected some of the
teings now ranked as very low in the scale, must have been struck
with their really wondrous and beautiful organisation.

Nearly the same remarks are applicable if we look to the different
srades of orzanisation within the sume great group; for instance,
1n the vertebrata, to the co-cxistence of mammals and fish—amongst
mammalis, to the co-existence of man and the ornithorhynchus—
amongst fishes, to the co-existence of the shark and. the lancelet
(Amphioxus), which latter fish in the extreme simplicity of its
structure approaches the invertebrate classes. But mammals and
fish hardly come into competition with each ofher; the advance-
ment of the whole class of mammals, or of certain menibers in this
class, to the highest grade would not lead to their taking the place
of fishes.  Physiologists believe that the brain must bo bathed by
warm blood to be highly active, and this requires adrial respiration s
5o that warm-blooded mammals when inbabiting the water lic
under a disadvantage in having to come continually to the sur-
face to breathe. With fishes, members of the shark family would
uot tend to supplant the lancelet; for the lancelet, as T hear
from Tritz Miller, has as sole companion and competitor on the
barren sandy shore of South Brazil, an anomalous annclid. The
threo lowest orders of mammals, namely, marsupials, edentata, and
rodents, co-exist in South America in the same region with nume-
tous monkeys, and probably interfere little with each other.
Although organisation, on the whole, may have advanced and be
still advancing throughout the world, yet the scale will always
present many degrees of perfection; for the high advancement of
certain whole classes, or of certain members of each class, does not
46 all necessarily lead to the extinction of thoso groups with which
they do not enter into close competition. In some cases, as we
shall hereafter see, lowly organised forms appear to have been pre-
servod to the present day, from inhabiting confined or peculiar
stations, whre they have been subjected to Less severe competition,
and where their seanty numbers have retarded the chance of favour-

+ able variations arising,

Tinally, T believe that many lowly organised forms now exist
throughout the world, from. various causes. In some cases varia-
tions or individual differences of a favourable nature may mever
have arisen for natural selection to act on and accumulate. In no
case, probably, has time suficed for the utmost possible amonnt of

H2
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development. Tn some few cases there has been what we must call
retrogression of organisation. But the main cause lies in the fact
that under very simple conditions of life a high organisation would
e of o service,—possibly would be of actual disservice, as being
of a more delicate nature, and moro liable to be put out of order
and injured.

TLooking to the first dawn of life, when all organio beings, as wo
may believe, presented the simplest structure, how, it has been
asked, could the first steps in the advancement or differentiation of
parts have arisen? M. Herbert Spencer would probably answer
that, as soon as simple unicellular organism came by growth or
division to be compounded of several cells, or became aitached to
any supporting surface, his law * that homologous units of any
order become differentiated in proportion as their relations to inci-
dent forces become different” would come into action, Bt as wo
have no facts to guide us, speculation on the subject is almost useless.
1t is, however, an error to suppose that there would be no struggle
for existence, and, consequently, no natural selection, until many
forms had been produced : variations in a single species inhabiting
an sclated station might be beneficial, and thus the whole mass of
individuals might be modified, or two distinct forms might arise.
But, as I remarked towards the close of the Introduction, no ono
ought to feel surprise at much remaining as yet unexplained on the
origin of species, if we make due allowance for our profound igno-
rance on the mutual relations of the inhabitants of the world at the
present time, and still more so during past ages.

Convergence of Claracter.

Mr. H. C. Watson thinks that I have overrated the importance
divergence of character (in which, however, he apparently
believes), and that convergence, as it may be called, has likewiso
played a part. If two specics, belonging to two distinot though
allied genera, had both produced a large number of new and diver-
gent forms, it is conceivable that these might approach each ofher
50 closely that they would have all to be classed under the same
genus 5 and thus the descendants of two distinct genera would con-
vergeintoone. Butit would in most cases be extremely rash to attri-
bute to convergence a close and general similarity of structure in the
modified descendants of widely distinct forms. The shape of acrysta
is determined solely by the molecular forces, and it is uot surprising
that dissimilar substances should sometimes assume the same form;
but with organic beings we should bear in mind that the form of
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each depends on an infinitude of complex relations, namely on the
variations which have arisen, these being duo to causes far too
intricate to be followed out,—on the nature of the variations which
hiavo been preserved or sclcoted, and this depends on the surround-
ing physical conditions, and in a still higher degree on the sur-
rounding organisms with which each being has come into competi-
tion,—and lastly, on inheritance (in itself a fluctuating

innumerable progenitors, all of which have had their forms deter-
‘mined through equally complex relations. It is incredible that the
descendants of two organisms, which had originally differed in a
marked manner, should ever afterwards converge 5o closely as to
lead to a near approach to identity throughout their whole organi-
sation. If this had occurred, we should meet with the same form,
independently of genctic connection, recurring in widely scparated
geological formations; and. the balance of evidence s opposed to
any such an admission.

Mr. Watson has also objected that the continued action of natural
selcotion, together with divergence of character, would tend to make
au indefinite number of specific forms. As far as mere inorganic con-
ditions are concerned, it seems probable that a sufficient number of
species would soon become adapted to all considerable diversities
of leat, moisture, &o. 5 but I fully admit that the mutual relations
of organic beings are more important ; and as the number of species
in any country goes on increasing, the organic conditions of life
must become more and more complex.  Consequently there seems
at first sight 0o limit to the amount of profitable diversification of
structare, and therefore no limit to the number of specics which
might be produced. Wo do not know that even the most prolific
area is fully stoeked with specific forms : at the Cape of Good Hope.
and in Australia, which support such an astonishing number of
species, many European plants have becomo naturalised. But
geology shows us, that from an early part of the tertiary period tho
number of species of shells, and. that from the middle part of this
same period the mumber of mammals, has not greatly or at all
increased.  What then checks an indefinite increase in the number
of species? Tho amount of life (I do not mean the number of
Specific forms) supported on an area must have a limit, depending
S0 largely as it docs on physical conditions ; therefore, if an area b
inhabited by very many species, each or nearly each species will be
Tepresented by few individuals; and such species will be liable to
extermination from aceidental fluctuations in the nature of the
seasons or in the number of their encmies. - The process of extermi-
mation in such cases would be rapid, whereas the production of new
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species must always be slow. Tmagine 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 each species will become rare if the
number of species in any country becomes indefinitely increased,
will, on the principle often explained, present within a given period
few favourable variations ; consequently, the process of giving birth
to now specific forms would thus be retarded. When any species
becomes very rare, close interbreeding will help to exterminate it;
authors have thought that this comes into play in accounting for
the deterioration of the Aurochs in Lithuania, of Red Deer in Soot-
land, and of Bears in Norway, &c. Lastly, and this I am inclined
to think is the most important element, a dominant species, which
has already beaten many competitors in its own home, vill tend to
spread and supplant many others. Alph. de Candolle has shown
that those species which spread widely, tend generally to spread
wery widely ; consequently, they will tend to supplant and exter-
minate several species in several areas, and thus check the inordinate
increase of specific forms throughont the world. Dr. Hooker has
recently shown that in the S.E. corner of Australia, where, appa-
rently, there are many invaders from different quarters of the globe,
the endemic Australian species have been greatly reduced in number.
How much weight to attribute to these several considerations T
will not pretend to say ; but conjointly they must limit in each
country the tendency to an indefinite augmentation of specific
forms.
Summary of Chapter.

g conditions of life organio beings present indivi-
dual differences in almost every part of their structure, and this
cannot be disputed ; if there be, owing to their geometrical rate of
increase, a severe straggle for life at some age, season, or year, and
this certainly cannot be disputed ; then, considering the infinite
complexity of the relations of all organic beings to cach other and o
their conditions of life, causing an infinite diversity in structure, con~
stitution, and habits, to be advantageous to them, it would be  most
extraordinary fact if no variations had ever occurred useful o each
being's own welfare, in the same manner as so many variations have
cccurred useful to man. But if variations useful to any organic
being ever do ocour, assuredly individuals thus characterised will
have the best chance of being preserved in the struggle for lifes
and from the strong principle of inheritance, these will tend to
produce offspring similarly characterised. This principle of pre-
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i survival of the fittst, 1 havo called Natural
e i s Improvemint of each creature in relation
Yo it arganio and inorganic conditions of Life; and consequently, in
e cases, 0 what, must bo regarded 85 an advaneo in organisation.
Nerverthelees, low and simple forms wil long endure if well itted for

e simple conditions of lfe. o)
O utural slotion, on fhe princigle of qualitis being inberited at
corresponding ages, can modify the ez, seed, or young, as cusily
28 tho adult, Amongst wapy animals, soxul selection will have
given its aid to ordinary selection, by assuring to the most vigorous
and best adapted males the greatest number of offspring, - Sexal
seleotion will also give characters useful to the males alone, in their
strugsles or rivalry with other males; and these charaotars will be
transmitted to ons sex or to both sexes, according to the form of
inheritance which prevails.

‘Whether natural selection has really thus acted in adapting the
various forms of life to_their soveral conditions and. stations, must

st
divergence of charaoter; for the more organic beings diverge in
structare, habits, and constitution, by so much the more can 4 large
number bo supported on the sam area,—cf which wo see proof by
Tooking to tho inhabitants of any small spot, and to the productions
naturalised in foreign lauds.  Therefore, during the modification of
the descendants of any one species, and during the incessant struggle
of all speies to increas in numbers, the more diversified the de-
scendants become, the better will be their chance of success in the
battle for life. Thus the small differences distinguishing varieties
of the same species, steadily tend to_increase, till they equal the
greater differences between. specics of the same genus, or even of
distinet genera.

We have scen that it is the common, the widelyliffused, and
Videly-ranging species, belonging to the larger genera within cach

Improved and ntermediate forms of life. On these prinei

e rm . principles, the

Dot tho affinitis, and. the gencraly well-deine distinetions
eea the fanumerable organie beings in each class thronghout.
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the world, 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 all time and spaco should be
related to each other in groups subordinate to groups, in the manner
which we everywhere behold—namely, vatieties of the same species
most closely rolated, species of the same genus less closely and
unequally related, forming sections and sub-gener, species of
distinct genera. much loss closely related, and genera related in
different degrees, forming sub-families, families, orders, sub-classes,
and classes. The several subordinate groups in any class cannot be
ranked in a single file, but seem clustered round points, and these
round other points, and so on in almost endless cycles. If species
had been independently created, no explanation would have been
possible of this kind of classification ; but it is explained through
inheritance and the complex action of natural selection, entailing
extinction and divergence of character, as we have seen illustrated
in the diagram.

‘The affinities of all the beings of the same class have sometimes
Dbeen represented by a great tree. I believe this simile largely
speaks the truth. The green and budding twigs may represent
existing species; and those produced during former years may
Tepresent the long succession of extinct species. At each period of
growth all the growing twigs have tried to branch out on all sides,
and to overtop and kill the surrounding twigs and branches, in the
same mauner as species and groups of species have at all times
overmastered other species in the great battle for life, The limbs
divided into great branches, and these into lossor and lesser branches,

and this connection of the former and present buds by ramifying
branches may well represent the classification of all extinct and
living specics in groups subordinate to groups.  OF tho many twigs
which flourished when the tree was a. mero bush, only two or throe,
now grown into great branches, yet survive and bear tho other
branches; so with the species which Tived during long-past

gical periods, very fow havo loft living and modified descendants.
Trom the first growth of the tree, many a limb and branch bas
decayed and dropped off; and theso fullon branches of various sizes
‘may represent those whole orders, families, and genera which have
now 1o living representatives, aud which aro known fo us only in
a fossl state. As wo hero and thero sco a thin siraggling branch
springing from & fork low down in a tree, and which by some
chance has been favoured and is sill alive on its summit, so o

Danwin Online: By permission of the Trustees of the Natural History Museum
(London).



105

Cnar. IV.

ccasionally see an animal like the Omithorhynchus or Lepidosiren,
\which in some small degree connects by its affinities two large
branches of life, and which has apparently been saved from fatal
competition by having inhabited a proteoted station. ~ As buds give
rise by growth to fresh buds, and these, if vigorous, branch out and
overtop on all sides many a feoblor branch, so by generation I
Delieve it has been with the great Tree of Life, which fills its.
dead and broken branches the crust of the earth, and covers the-
surfuce with its ever-branching and beautiful ramifications.

Darwin Online: By permission of the Trustees of the Natural History Museum

i e



106 Latws of Variation. Cuar. .

CHAPTER V.

LAwS oF VABIATION.

e B, comblasd i e
sion — isation — Correlated
variation — Compensation e pestigus £ =
— Multiple, rudimentary, and lowly organised structures varia

Part developed 1 an uwasual macner are highly varikblas specifia
charaoters more variable than generic: secondary sexual characters
variable — Species of the same genus vary in an analogous manner—
Reversions to long-lost characters— Summary.

Ellts of chngel conditons—

T 5AVE hitherto sometimes spoken as if the variations—so common
and multiform with organio beings under domestioation, and in a
losser degree with those under nature—were due to chance. This,
of course, i & wholly incorrect expression, but it serves to acknow-
ledge plainly our ignorance of the cause of each particular variation.
Some authors believe it to be as much the function of the repro-
ductive system to produce individual differences, or slight deviations
of structure, as to make the child like its parents. But the fact of
variations and monstrosities occurring much more frequently under
domestication than under nature, and tho greater variability of species
having wide ranges than of those with restrioted ranges, lead to
the conclusion that variability is generally related to the condi-
tions of life to which each species has been exposed during several
successive generations. Tn the first chapter I attempted to show that
hanged conditions st n two ways, dxmclly on the whvla crgacie;
‘tion or on certain part: i
system. In all cases there are two raco,m, t.he nature of the
organism, which is much the most impartant of the two, and the
nature of the conditions. The direct action of changed conditions
leads to definite or indefinite results. In the latter case the organi-
sation seem o becomo plasic, and wo have much fiuctuating vari-
ability. In the former case the nature of the organism is such
that it yields readily, when subjected to certain conditions, and all,
or nearly all the individuals become modified in the same way.

Tt is very difficult o decide how far changed conditions, ok as
of climate, food, &c., have acted in a definite manner. Th
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reason to believe that in the course of time the effects have been
greater than can be proved by clear cvidence. But we may safely
‘conclude that the inaumerable complex co-adaptations of structure,
which we sce_throughout nature between various organic beings,
cannot be attributed simply to such action. In the following case

the conditions seem to have produced some slight definite effect: .

Forbes asserts that shells at their southern limit, and when living in
shallow water, are more brightly coloured than those of the same
species from further north or from & greater depth; but this
certaiuly does not always hold good.  Mr. Gould believes that birds
of the same species are more brightly coloured under a clear atmos-
phere, than when living ncar the coast o on islands; and Wollaston
is convinced that residence near the sea affects the colours of insects.
Moquin-Tandon gives a list of plants which, when growing near the
sea-shore, have their leaves in some degree fleshy, though not clse-
whero fleshy. These slightly varying organisms are interesting in
as far as they present characters analogous to those possessed by the
species which are confined to similar conditions.

‘When a variation is of the slightest use to any being, we cannot tell
‘how much to atiby ive action of natural selecti
and how much to the definite action of the conditions of life. Thus,
it s well known to furriers that animals of the same species have
thicker and better fur the further north they live; but who can tell
how much of this difference may be due to the warmest-clad indivi-
duals having been favoured and preserved during many generations,
aud how much to the action of the severe climate? for it would
appear that climate has some direct action on the hair of our domes-
tic quadrapeds,

Instances could be given of similar varieties being produced from
the same species under external conditions of life as different as can
well be conceived ; and, on the other hand, of dissimilar varieties
leing produced under apparently the same external conditions,
Agtin, innumerablo instances are known to every naturalist, of
specics keeping true, or not varying at all, although living under
tho most opposite limates, Such considerations as theso incline mo
o lay less weight on the direct action of tho surrounding con-
ditions, than on a tendency to vary, due to causes of which we are
auite ignorant,

1 omo sense the conditions of life may be said, not anly to cause
Z??J.'il“ﬁi;;;":f.‘ ‘d.\m,tly or indirectly, but likewise to include
Ve g ons fo the condtions determine whether this or that

e But when man is the sclecting agent, wi

o
clearly sce that the two elements of change are distinct; variability
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is in somo manner excited, but it is the will of man which acoumu-
ates the variations in certain dircctions ; and it is this latter agency
‘which answers to the survival of the fittest under nature.

Effects of the increased Use and Disuse of Parts, as contrlled
by Natural Selection.

Trom the facts alluded to in the first chapter, I thitlk there can
e no doubt that use in our domestic animals has strengthened
and enlarged certain parts, and disuse diminished them ; and that
such modifications are inherited. Under free nature, we have no
standard of comparison, by which to judge of the effects of long-
continued use or disuse, for we know not the parent-forms ; but
smany animals possess structures which can bo best explained by
the effects of disuse. As Professor Owen has remarked, there is no
greater anomaly in naturo than a bird that cannot fly ; yet there are
soveral in this state. The logger-headed duck of South America
can anly flap along the surface of the water, and has its wings in
nearly the same condition as the domestic Aylesbury duck it is @
remarkable fact that the young birds, according to M. Cunning-
ham, can fly, while the adults have lost this power. As the larger
ground-feeding birds seldom talke flight except to escape danger, it
is probable that the nearly wingless condition of several birds, now
inbabiting or which lately inhabited several oceanic islands, tenanted.
by mo beast of prey, has been caused by disuse. Tho ostrich indeed
inhabits continents, and is exposed to danger from which it cannot
escape by flight, but it can defend itself by kicking its enemies, as
effciently as many quadrupeds. We may believe that the proge-
nitor of he ostrich genus had habits like those of the bustard, and
that, as the size and weight of its body were increased during suc-
cessive generations, its legs were used more, and its wings less,
until they became incapable of fight,

Kirby has remarked (and I have observed the same fact) that the
anterior tarsi, or feet, of many male dung-foeding beetles are often
broken off; he examined seventeen specimens in his own collection,
and not one had even a relio left, In the Onites apelles the tarst
are so habitually lost, that the insect has been described a8 nob
having them. In some other genera they are present, but in &
rudimentary condition. Tn the Ateuchus or sacred bectle of the
Tayptians, they are totolly deficient. The evidenco that accidental
mutilations can be inherited i at present not decisive; but the
remarkable cases observed by Brown-Séquard in guinea-pigs, of the
inherited effects of operations, should make s cautious in denying.
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this tendency. Hence it will perhaps be safest to look at the entire
absence of {he anterior farsi in Ateuchus, and their rudimentary
condition in some other genera, notas cases of inherited mutilations,
but as duo to the effects of long-continued disuse ; for as man
dung-feeding beetles are generally found with their tarsi lost, this
mnst happen early in life; therefore the tarsi cannot be of much
importance or be much used by these insects. R

Tn some cases we might easily put down to disuse modifications
of structure which are wholly, o mainly, duc to natural seleotion.
Mr. Wollaston has discovered the remarkable fact that 200 bec
out of the 550 species (bt more are mow known) inhabiting
Madsira, are 8o far deficient in wings that they cannot fly; and
that, of the twenty-nine endemic genera, no less than twenty-three
have all their specics in this condition! Several facts,—namely,
that beotles in many parts of the world are frequently blown to sea
and perish; that the beetles in Madeira, as observed by Mr.
Wallaston, lio much concealed, until the wind lulls and the sun
shines; that the proportion of wingless beetles is larger on the
exposed Desertas than in Madeira.itsclf; and_especially the extra-
ordinary fact, so strongly insisted on by Mr. Woilaston, that certain
large groups of beetles, clsewhore excessively mumerous, which
absolutely require the use of their wings, are here almost entirely
absent;—theso several considerations make mo belicve that the
wingless condition of so many Madeira Deetles is mainly due to
the action of natural selection, combined probably with disuse. For
during many successive generations each individual beetle which
flew least,cither from its wings having been ever so little less perfectly
developed or from indolent habit, will have had the best chance of
surviving from not being blown out to sea s and, on the ofher hand,
those beetles which most readily took to fight would oftencst have
een blown to sea, and thus destroyed.

The insects in Madeira which are not ground-feeders, and which,
4 certain flower-feeding coleaptera and lepidoptera, must habitually
uso their wings to gain their subsistence, have, as Mr, Wollaston
suspects, their wings not at all reduced, but even enlarged. This is
e compele it action of naturl elocton. For when o

i 4 o island, the tendency of natural

i, or by siving up th atiompt and rareiy or

vith mariners shipwrecked near a coast, it would

have i

o been beter fo tho good swimmers if they had beca ablo to
further, whereas it would have been better for the bad
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swimmers if they had not been able to swim at all and had stuck
to the wreck.

The eyes of moles and of some burrowing rodents are rudimenta
in size, and in some cases are quite covered by skin and far. This
state of the eyes is probably due to gradual reduction from disuse,
but aided perhaps by natural selection. In South America, a bur-
rowing rodent, the tuco-tuco, o Ctenomys, is even more subter-
rancan in its habits than the mole; and I was assured by a
Spaniard, who had often caught them, that they were frequently
Dlind, One which I kept alive was certainly in this condition, the
cause, as appeared on dissection, having been inflammation of the
ictitating membrane. ~ As frequent inflammation of the eyes musy
be injurious to any animal, and as eyes are certainly nob necessary
to animals having subterrancan habits, a reduction in their size,
with the adhesion of the eyelids and growth of fur over them,
might in such case be an advantage; and if so, natural selection
would aid the effects of disuse.

Tt is well known that several animals, belonging to the most
different classes, which inhabit the caves of Carniola and of Ken-
tucky, are blind. In some of the crabs the foot-stalk for the eye
remains, though the eye is gone ;—the stand for the telescope is
there, though the telescope with its glasses has been lost. As it is
difficult to imagine that eyes, though useless, could be in any way
injurious to animals living in darkness, their loss may be attributed
to disuse. In one of the blind animals, namely, the cave-rat
(Neotoma), two of which were captured by Professor Silliman at
above half a mile distance from the mouth of the cave, and there-
fore not in the profoundest depths, the eyes were lustrous and of
large size; and these animals, as T am Informed by Professor Silli-
man, after having been exposed for about a month to a graduated
light, acquired a dim perception of objects,

It is dificult to imagine conditions of lifo more similar than
deep limestone caverns under a nearly similar climate; so that, in
accordance with the old view of the blind animals having been
separately created for the American and European caverns, very
close similarity in their organisation and affinities might have been
expected. This is certainly not the case if we look at the two
whole faunas ; and with respect to the insects alone, Schiddte has
remarked, “We are accordingly prevented from considering the
entire phenomenon in any other light than something purely local,
aud the similarity which is exhibited in a few forms between the
Mammoth cave (in Kentucky) and the caves in Carniola, otherwise
than as a very plain expression of that analogy which subsists
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goneally otmen. tho fauna of TBurope and of North America”
On my view we must suppose that American animals, having in
‘most cases ordinary powers of vision, slowly migrated by successive
generations from. the outer world into the deaper and deeper ro-
cesses of the Kentucky caves, as did European animals into the
caves of Europe. We have some ovidence of this gradation of
habit ; for, as Schiédte remarks, “ We accordingly look upon the
subterranean faunas as small ramifications which have penctrated
into the earth from the geographically limited faunas of the adja-
cent tracts, and which, as they extendod themselves into darkness,
have been accommodated to surrounding circumstances. Animals
not far remote from ordinary forms, prepare the transition from
light to darkness. Next follow those that are constructed for twi-
light ; and, last of all, those destined for total darkness, and whose
formation is quite peculiar.” These remarks of Schiodtc’, it should

understood, apply not to_ the same, but to distinct specics. By
the time that an animal had reached, after numberless generations,
the deepest recesses, disuse will on this view have more or less
perfectly obliterated its eyes, and natural selection will often have
effted other changes, such as an increase in the length of th
antennze or palpi, as a compensation for blindness. Notwithstand-
ing such modifications, we might expeot still to seo in the cave-
animals of America, affnities to the other inhabitants of that con-
tinent, and in those of Europe to the inhabitants of the European
continent,  And this s the case with some of the American cave-
animals, as T hear from Professor Dana ; and some of the Buropean
cave-insects are very closely allied to those of the surrounding
co 1t would be difficult to give any rational explanation of
the affinities of the blind cave-amimals to the other inhabitants
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have ranged over both continents, and then have become extinct,
excepting in their present seoluded abodes. Far from feeling sur.
priso that some of the cave-animals should be very anomalous, as
‘Agussiz has remarked in regard to tho blind fish, the Amblyopsis,
and as is the caso with the blind Proteus with reference {o the
coptiles of Europe, T am only surprised that more wrecks of ancient,
lifo have not been preserved, owing to the less severo competition to
which the scanty inhabitants of these dark abodes will have been
exposed.

Acclimatisation.

Habit is hereditary with plants, as in the period of fowering, in
the time of sicep, in the amount of rain requisite for secds o germi-
nate, &., and this leads me'to say a few words on acclimatisation.
As it is extremely common for distinet species belonging to the same
zenus to inhabit hot and cold conntries, if it be true that all the
species of the same genus are descended from 5 single pareut-form,
acclimatisation must be readily effected during a long course of
descent, It is notorious that each species is adapted to the climate
of its own homo: species from an arctic or even from a temperate
rogion cannot endure a tropical climate, or conversely. So again,
many succulent plants cannot endure a damp climate. But the
degree of adaptation of species to the climates under which they
live is often overrated. We may infer this from our frequent fa-
ability to predict whether or not an imported plant will endure our
climate, and from the number of plants and animals brought from
difforent countries which are hero perfeotly healthy, We have
reason to believo that specics in a state of nature are closely limited
in their ranges by the competition of other organic beings quite a8
much a3, or more than, by adaptation to particular climates. But
whether or not this adaptation is in most cases very close, we have
cvidenco with some fow plants, of their becoming, to a certain
extent, naturally habituated to different, temperatures ; that i, they
ecome acclimatised : thus the pines and rhododendrons, raised from
sced callected by Dr. Hooker from the same species growing ab
different heights on the Himalaya, were found to possess in this
country difforent constitutional powers of resisting cold. Mr.
“hyaites informs me that he has observed similar facts in Ceylon;
analogous observations have been made by Mr, H. C, Watson on.
Turopean species of plants brought from the Azores to England;
and I could give other cascs. In regard to animals, several authentio
instances could be adduced of specics having Inrgely extended,
aithin historical times, their range from warmer to cooler latitudes,
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versely ; but wo do not positively know that theso animals
e Svpto o hele naiv ciits, Gough f all oy
cases we assumo such to bo the case; nor do we know that they
Jave subsequently become  specially acclimatised to their new
Tiomes, 50 as to be better fitted for them than they were at first,

As e may infer that our domestic animals were originally chosen
by uncivilised man because they were useful and because they bred
readily under confinement, and not. because they were subsequently
found capable of far-extended transportation, the common and ex-

ing the most different climates, but of being perfectly fertile (a far
severer test) under them, may be used as an argument that a large
proporiion of other animals now in a state of nature could casily
be brought to bear widely different climates. We must not, how-
ever, push the foregoing argument too far, on account of the pro-
bable origin of some of our domestic animals from several wild
stocks; tho blood, for instance, of a tropical and arctic wolf may
perhaps be mingled in our domestio breeds. The rat and mouse
cannot be considered as domestic animals, but they have been trans-
ported by man to many parts of the world, and now have a far
wider rango than any other rodent; for they live under the cold
climate of Faroe in the north and of the Falklands in the south,
and on many an island in the torrid zones. Hence adaptation to
any special climate may bo looked at a5 a quality readily grafted on
an innate wide flexibility of constitution, common to most animals,
On this view, the capacity of enduring the most different, climates
by man himself and by his domestio animals, and the fact of tho
cxtinct elephant and rhinoceros having formerly endured a glacial

o sxamples of a very common fexibility of constitution, bronght,
5 tion.

0 ac
: tisation of species to any peculiar
climato is due to mere habit, and how much 1 the matars] et
of ;.mct:cs hlvm‘g ifferent innate constitutions, and how much to
e :‘\::l::;:mbmeld, is an obgﬂnm question. That habit or custom.
ncount et T must believe, both from analogy and from the
Eneyclopagce £ in agricultural works, even fn the ancient

edias of China, to be very cautious in transporting ani-
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tion would inevitably tend to preserve those individuals which wero
orn with constitutions best adapted to any country which they
nhabited. Tn treatises on many kinds of cultivated plants, certain

i d to withstand certain climates better than others;
{his s strikingly shown in works on. ruit-trees published in the
United States, in which certain varieties are habitually Tecom-
mended for the northern and others for the southern States; and as
most,of these varietics are of recent origin, they cannot owe their
constitutional differences to habit. The case of the Jerusalem
artichoke, which is never propagated in England by sced, and of
which consequently new varieties have not been produced, Has even

advanced, as proving that acclimatisation cannot be effected,
for it is now as tender as ever it was! The case, also, of the kidney-
bean has been often cited for a similar purpose, and with much
greater weight; but until some one will sow, during o score of
generations, his kidney-beans so early that a very large proportion
are destroyed by frost, and then collect seed from the fow survivors,
with caro to provent accidental crosses, and then again got sced
from these seedlings, with the same precautions, the experiment
cannot be said to have been tried. Nor let it be supposed that
differences in the constitution of seedling kidney-beans never
appear, for an account has been published how much more hardy
some’ secdlings are than others; and of this fact I have myself
observed striking instances.

On the whole, we may conclude that habit, or use and disuse,
have, in some cascs, played a considerable part in the modification.
of the constitution and structure; but that the effects have often
been largely combined with, and sometimes overmastered by, the
natural selection of innate variations,

Correluted Variation,

T mean by this expression that the wholo organisation is 5o tied
together during its growth and development, that when slight
variations in any one part occur, and are accumulated through.
natural selection, other parts become modified. This is a very im-
‘portant subject, most imperfectly understood, and 1o doubt wholly
different classes of facts may be hero casily confounded together.
‘We shall presently see that simple inheritance often gives the false
appearance of correlation. One of the most obvious real cases is,
that variations of structure arising in the young or larva naturally
tend to affect the structure of the mature animal. The soveral
parts of the body which are homologous, and whicl early
cmbryonic period, are identical in structure, and which are neces-
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ilar conditions, seem eminently liable to vary
ina like manner: we seo this in the right and left sides of the
body varying in the same manner ; in the front and hind legs, and
cven in the jaws and limbs, varying together, for the lower jaw
is belioved by some anatomists to bo homelogous 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.
‘vith an antler only on one side; and if this had been of any great
use {0 tho breed, it might probably have been rendered permanent
by selection.

Homdlogous parts, as has been remarked by some authors, tend
10 cohere; this is often seen in monstrous plants: and nothing
s more common than the union of homologous parts in normal
structures, s in the union of the petals into a tube. Hard parts
scem to affect the form of adjoining soft parts; it is believed by
somo authors that with birds the diversity in the shape of the
pelvis causes the remarkable diversity in the shape of their kidneys.
Others believe that tho shape of the pelvis in the buman mother
influences by pressure the shape of the head of the child. In

of swallowing determine the position and form of several of the
‘most important visoera.

Tho nature of the bond is frequently quite obscure. M. Is.
Geoffroy St. Hilaire has forcibly remarked, that certain malcon-
formations frequently, and that others rarely, co-exist, without, our
being able to assign any reason. What can be more singular than
the relation in cats between complete whiteness and blue eyes with
deafness, or between the tortoise-shell colour and the female sex;
or in pigeons between their feathered feet and skin betwixt the outer
toes, or Letaween the presence of more or less down on the young
vigeon when first hatohed, with tho future colour of its plumage ;
o, again, the relation between the Lair and teeth in the naked

P o o

{pmormal in their dermal covering, viz., Cetacea (whales) and
ke (amadillos, sealy ant-aters, &), are likewiso on tho
: qmn: :u:;i:hnoml in their teeth ; but there are so many
oy rule, as Mr. Mivart has remarked, that it has
4 Vsk!:;wcﬁ.:]:r:us better adapted to show the importance of the
bl :.xon and variation, independently of utility and
atural selection, than that of the difference between

12
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fhe outer and inner flowers in some Compositous and Umbelliferous
plants. Every one is familiar with tho differonce between the ray
and central florets of, for instance, the daisy, and this difference is
often accompanied with the partial or complete abortion of the
Toproductive organs. But in some of these plants, the sceds also
differ in shape and soulpture. These differences have sometimes
been attributed {o the pressuro of the involucra on the florets, or
to their mutual pressure, and. the shape of the sceds in the ray-
florets of some Composite countenances this idea; but with the
Unbellifer, it is by no means, as Dr. Hooker informs me, the
species with the densest heads which most frequently differ in
their inner and outer flowers. It might have been thought that
the development of the ray-petals by drawing nourishment from the
reproductive organs causes their abortion ; but this can hardly be
the sole cause, for in some Composit the seeds of the outer and
inner florets differ, without any difference in the corolla. Possibly
these several differences may be connected with the different flow
of nutriment towards the central and_ external flowers: we know,
at least, that with irregular flowers, those nearest to the axis aro
most, subject to peloria, that is to become abnormally symmetrical.
Imay add, as an instance of this fact, and as a striking case of
correlation, that in many pelargoniums, the two upper petals in
the central flower of the truss often lose their patches of darker
colour; and when this ocours, the adherent nectary is quite aborted ;
the central flower thus becoming peloric or regular. When the
colour is absent from only one of the two upper petals, the nectary
s not quite aborted but is much shortencd.

With respect to the development of the corolla, Sprengel’s idea
that the ray-florets serve to attract insects, whose agency is highly
advantageous or necessary for the fertilisation of theso plants, is
highly probable ; and if so, natural selection may bave come into play.
But with respect to the seeds, it seems impossiblo that their differ-
cnces in shape, which are not always correlated with any difference
in the corolla, can be in any way beneficial: et in tho Umbelli-
forw these differences aro of such apparent importance—the seeds
being sometimes orthospermous in the exterior flowers and calo-
spermous in the central flowers,— that the elder De Candolle
founded his main divisions in the order on such characters. Henco
modifications of structure, viewed by systematists as of high value,
may be wholly due to the laws of variation and correlation, without
eing, as far as we can judge, of the slightest service to the species.

‘We may often falsely attribute to correlated variation structures
which are common to whole groups of species, and which in truth
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are simply due to inheritance; for an ancient progenitor may :wm
acquired through natutal scleotion.some one modification in struc-
ture, and, after thousands of generations, some other and inde-
‘pendent. modification ; and these two modifications, having been
transmitted. to a whole group of descendants with diverse habits,
would naturally bo thought to bo in some necessary manner cor-
related.  Some other correlations are apparently duo to the manner
in which natural selection can alone act, For instance, Alph. de
Candolle has remarked that winged. seeds are never found in fruits
which do not, open : I should explain this rule by the impossibility
of seeds gradually becoming winged through natural selection, unless
tho capsules were open; for in this case alone could the seeds, which.
wero a little better adapted to bo wafted by the wind, gain an
advantage over others less well fitted for wide dispersal.
Compensation and Eeonomy of Growth.

The elder Geoffroy and Goethe propounded, at about the same time
their law of compensation or balancement, of growth ; or, as Goetho
expressed. it, “in order to spend on ono side, nature is forced to
econamise on the other side.” 1 think this holds true to a certain
extent with our domestio productions : if nourishment flows to one
part or organ in excess, it rarely flows, at least in excess, to another
part; thus it is difficult to got a cow o give much milk and to
fatten readily. The samo varieties of the cabbage do not yicld
abundant and nutritious foliage and & copious supply of oil-bearing
sceds. When the sceds in our fruits becomo atrophied, the fruit
itself gains largely in size and quility. In our poultry, a large
tuft of feathers on the head is generally accompanied 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 obsorvers, more ‘especially
botanists, believe in its truth. I will not, however, here give any
instances, for I sco hardly any way of distinguishing between the
elfcts, on the ane hand, of a part being largely developed through
patural seloction and another and adjoining part being reduced by

s samo process or by disuse, and, on the other hand, the actual
Vithdrawal of nutriment from ono part owing to the excess of
growth in anotler and adjoining part,

Sispect, also, that some of the cases of compensation which
:::nzl\immagmm and likewise some other rms,l::u.y e merged
soumiinmlio ;ﬂ general principle, namely, that natural selection is

ying to e every part of the organisation. 1

d
andor changod. conditions of 1fe a structure, Afors useful, becomes
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less useful, its diminution will be favoured, for it will profit the
individual not to have its nutriment wasted in building up an
useless structure. I can thus only understand a_fact with which
T was much struck when examining cirripedes, and of which many
analogous instances could be given : namely, that when a cirripede is
parasitic within another cirripede and is thus proteoted, it loses more.
or less completely its own shell or carapace. This is the caso with
the male Tbla, and in a traly extraordinary manner with the Proteo-
lepas: for the carapace in all other cirripedes consists of the three
high, yrtant anterior segments of the head enormously deve-
loped, and furnished with great nerves and muscles; but in the
parasitic and proteoted Proteolepas, the whole anterior part of

cad s reduced to the merest rudiment attached to the bases.
of the prehensile antenne. Now the saving of a large and complox
siructure, when rendered superfluous, would be a decided advantage

h successive individual of the species ; for in the strugele for
life to which every animal is exposed, each would have a betler
chance of supporting itself, by less nutriment being wasted.

“Thus, as T believe, natural selection will tend in the long run to
roduce any part of the organisation, as soon as it becomes, through
changed habits, superfluous, without by any means causing some
other part to be largely developed in a corresponding degree.  And,
conversely, that natural selection may perfectly well succeed in
largely developing an organ without requiring as @ neoessary com-
‘pensation the reduction of some adjofning part.

Mutiple, Rudimentary, and Lowly-organised Structures are
Variabie.

Tt scems to be a rule, as remarked by Ts. Geoffroy St. Hilaire,
Doth with varieties and species, that when any part or organ i
repeated many times in the same individual (as the vertebra in
snakes, and the stamens in polyandrous flowers) the number i
variable ; whereas the same part or organ, when it occurs in lesser
numbers, is constant. The same author as well as some botanists
have farther remarked that multiplo parts are extremely liable to
vary in struoture. ~As “ vegotative repetition,” to use Prof. Owen's
expression, is a sign of low organisation, the foregoing statements
accord with the common opinion of naturalists, that beings which
stand low in. the scale of naturo are more variable than those which
are higher. I presume that lowness here means that the several
parts of the organisation have been but little specialised for particular
functions ; and as long as the same part has to perform diversified
work, we can perhaps see why it should remain variable, that is,
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by natural selection should not bave preserved or rejected each
e P vitionof form so ereflly s when tho purt has to sarve
Jo- some one special purpose. In the same way that a knife which
has to cut all sorts of things may be of almost any shape; whilst
a tool for somo partioular purpose must be of some particular
shape. Natural selection, it should never be forgotten, can act
solly through and for the advantage of cach being.

Rudimentary parts, as it is generally admitted, are apt to be
highly variable. W shall have to recar to this subject; and I will
here only add that their variability seems to result from. their use-
Tossuess, and. consequently from natural selection Laving had no
‘power t0 check deviations in their structure.

A Part developed in any Species in an extraordinary degree or
manner, in comparison with the sume Part in allied Specics,
tends to'be highly variable.

Several years ago I was much struck by a remark, to the above
effect, made by Mr. Waterhouse. Professor Owen, also, scems to
have come o a nearly similar conclusion. Tt is hopeless to attempt
10 convince any one of the truth of the above proposition without
giving tho long array of facts which T have collected, and which
cannob,possibly be here introduced. I can only state my conviction
that it is a rule of high generality. T am aware of several causes of
error, but I hope that 1 have made due allowance for them. It
should be understood that the rule by no means applies to any
part, however unusually developed, unless it be unusually developed
in one specics or in a few species in comparison with. the sume part
in many closely allied species. Thus, the wing of a bat is a most
abnormal structure in the class of mammals; but the rule would
ot apply here, because tho whole group of bats possesses wings; it
would apply only if some one species had wings developed in o
remarkable manner in comparison with the other species of th
same gonus. The rule applics very strongly in the caso of secondary
sexual characters, when displayed in any unusual manner, The term,
secondary sexual characters, used by Hunter, relates to charactery
which are aftached to one sex, but are not directly connected with the
cctof reproduction. The rule applics to males and females ; but more
rarely as
characters, i i i i
sexual characters, may be due to the great variability of theso charac.
ters,whethe ornot displayed in any unsual mannesof wh o St {
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hermaphrodite cirripedes; I particularly attended to Mr. Water-
Tiouse’s remark, whilst investigating this Order, and I am fully o~
vinced that the rule almost always holds good. I shall, in 2 future
work, give a list of all the more remarkable cases ; T will liere yive
only one, as it illustrates the rule in its largest application. The
opercular valves of sessile cirripedes (rock barnacles) are, in every
e of the word, very important structures, and they differ
extremely littlo even in istinct genera ; but in the soveral species
of one genus, Pyrgoma, these valves present a marvellous amount
of diversification ; the homologous valves in the different spccies
‘eing sometimes wholly unlike in shape; and the amount of varia-
tion in the individuals of the same species is so great, that it is no
exaggeration to state that the varieties of the same species differ
more from each other in the characters derived from these impor-
tant organs, than do the specics belonging to other distinct gener.

As with birds the individuals of the same species, inhabiting the
same country, vary extremely little, I have particularly attended to
thom ; and the rulo certainly seems to hold good in this class. I
cannot make out that it applies to plants, and this would have
seriously shaken m; in its truth, had not the great vari
ability in plants made it particularly difficult to compare their
relative degrees of variability.

When we see any part or organ developed in a remarkable degree
or manner in a species, the fair presumption is that it is of high
importance to that species; mevertheless it is in this case eminently
liable to variation. Why should this be so? On the view that
each species has been independently created, with all its parts as
we now see them, I can see 1o explanation.  But on the view that
groups of species are descended from some other species, and have
been modified through natural selection, T think we can obtain
some light, - First let me make some preliminary rematks. If, in
our domestic animals, any part or the whole animal be neglected,
and 00 selection be applicd, that part (for instance, the comb in the
Dorking fowl) or the whole breed will cease to have a uniform
character ; and the breed may be said to be degenerating, In
rudimentary organs, and in those which have been but little
specialised for any particular purpose, and perhaps in polymorphio
groups, we see a nearly arallel case; for in such cases natural selec-
tion either has not or cannot have come into full play, and thus the
organisation is left in a fluctuating condition. - But what here more
patticularly concers us s, that those points in our domestio
animals, which at the present time are undergoing rapid change by
ventinued selection, ate also eminently liable to variation. Lok ab
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S sune breed of the pigeon, and seo what
‘3‘,:;?;;",“:.‘;5\.2'. o it 84 4 the beaks of tumblers, in
o beaks and wattle of carriers, in the carriage and tail of fantails,
., these being the points now mainly attended to by English
fanciers. Even in the same subreed, as in that of the short-faced
tambler, it is notoriously difficult to breed nearly perfect birds,
many departing widely irom the standard. There may truly be
<aid to be a constant strugglo going on betrveer, on the one hand,
the tendency to reversion to a less perfect state,as well as an innate
{endency to new varations, and, o tho other hand, the power of
steady selection to keep tho breed true. In the long run sclection
gains the day, and we do not expect to fail so completely as to breed
bird as coarse as a common tumbler pigeon from a good short-faced
steain,  But as long as seection is rapidly going on, much variability
in the parts undergoing modification may always be ex) L

Now let us tun to nature. When a part has been developed in
an extraordinary manner in any one species, compared with the
other species of the sume genns, we may conclude that this part has
undergone an extraordinary amount of modification since the period
when tho several species branched off from the common progenitor
of the genus. This period will seldom be remote in any extreme
degree, as species maroly endure for more than one geological period,
An extmordinary amount of modification implies an unusually
large and long-continued amount of variability, which has con-
tinually been accumulated by natural selection for the benefit of
the species. Bt as the variability of the extraordinarily developed
part or urgan 1ias been 50 great and long-continued within 4 period
not excessively remote, wo might, a5 . general rule, stll expect to
find more variability in such parts than in other parts of the
organisation which have remained for a much longer period nearly
constant. And this, T am convinced, s the case. That the strugsle
between natural selection on the ane hand, and the tendency to
Teversion and variability on the oher band, will in the cours of
time cease; and that the most abnorually doveloped.organs may be
nde constant, I 560 10 reason 1o doubt.  Hence, when an organ,
bomerer tuormual it may e, s ben transmitted o approximately
Y same condition to many modified descendants, as in the caso of

e of the bat it must have existed, according to our theory,

cases
recent and extraordinaril

variability, 18 it may Ve called, stll present, gn 5 high degree. For
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in this case the variabil will seldom as yet have been fixed by
the continued selection of the individuals varying in the required.
‘manner and degree, and by the continued rejection of those tending
to revert to a former and less-modified condition.

Specific Characters more Variable than Generic Characters,
The principle discussed under the last heading may be applied to
ject. It is notorious that specific characters are
more saizble than generic. To explain by a simple example what
is meant: if in a large genus of plants some species had blue
flowers and some had red, the colour would be only a specific
charaoter, and o 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 s vari
tion wonld bo. o more unusual circumstance. 1 have chosen this
example because the explanation which most naturalists would
advance is not hero applicable, namely, that specific characters are
more variable than generic, because they are taken from parts of less
physiological importanco than those commonly used for classing
gonera. ieve this explanation is partly, yet only indirectly,
true; I shall, however, have to return to this point in the chapter
on Classification. Ttwould be almost superfiuous to adduce evidence
in support of the statement, that ordinary specific characters are
more variable than generic ; but with respect to important charac-
ters, T have ropeatedly noticed in works on natural history, that
when an author remarks with surprise that some important organ
or part, which is generally very constant thronghout a large group
of species, differs considerably in. closely-allied species, it is often
wariable in the individuals of the same 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 physiological importance may remain the same. Some-
thing of the sume kind applies to monstrosities: at lcast Is. Geoffroy
St. Hilaire apparently entertains no doubt, that the more an organ
normally differs in the different species of the same group, the moro
subject it is 1o anomalies in the individuals,

On the ordinary view of each species having been independently
created, why should that part of the structure, which differs from
the same part in other independently-created species of the same
genus, be more variable than those parts which are closely alike in
the several species? T do mot see that any explanation can bo
siven. But on the view that species are only strongly marked and
fixed varieties, we might expect often to find them still continuing
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in those parts of their structure which havo varied within a
iy xeunﬁ:ﬁnﬂ, and which have thus come to differ. Or
{o state the case in another manneri—the points in which all the
species of & genus resemble each other, and in which they differ
from allied genera, are called generic characters; and these characters
‘may be attributed to inheritance from a common. progenitor, for it
can rarely have happened that natural sclection will have modified
several distinct species, fitted to more or less widely-different habits,
in exactly the same manner : and as these so-called generic charac-
ters have been inherited from before the period when the several
species first branched off from their common progenitor, and subse-
quently have not varied or come to differ in any degree, or only in a
slight degree, it is not probable that they should vary at the present.
day. On the other band, the points in which species differ from
other species of the same genus are called specific characters; and as
these specific characters have varied and come to differ sinco the
period when the species branched off from a common progenitor, it
s probable that they should stll often be in some degreo variable,—
at least more variable than those parts of the organisation which
have for a very long period remained constant.

Secondary Secual Claracters Variable—1 think it will be ad-
mitted by naturalists, withont my entering on details, that
sccondary sexual characters aro highly variable. It will also bo
admitted that species of the same group diffr from each other more
‘widely in their sccondary sexual characters, than in other parts of
their organisation : compare, for instance, the amount of difference
between the males of gallinaceous ‘birds, in which secondary sexual
characters are strongly displayed, with the amount of difference
betrween the females. i

sccumulated 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 favoured males. Whatever the cause may
be of the variability of secondary sexual characters, as they are
highly variable, sexul selection will have had a wido scopo for
Goton, and may thus have succeeded in giving to the species of the
Tepog P & grater amount of difference in theso than i other

1t o remy
genus diflr from each other,
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{ration tho tuwo first instances which happen to stand on my list;
and as the differences in these cases are of a very unusual nature, the
Telation can hardly be accidental. The same number of joints in
the tarsi is a character common to very large groups of beetles, bu
in the Engidm, s Westwood has remarked, tho number varies
greatly; and the number likewiso differs in the two sexes of tho
same species.  Again in the fossorial hymenopter, the neuration of
tho wings is a character of the highest importance, because common
to largo groups ; but in certain genera. the neuration differs in the
different species, and likewise in the two sexes of the same species.
Sir J. Lubbock has recently remarked, that several minute orusta-
ceans offer excellent illustrations of this law. “In Pontella, for
instance, the sexual characters aro afforded maily by the anterior
antenns and by the fifth pair of legs: the specifio differences also
are principally given by these organs.” This relation has a clear
‘meaning on my view: 1 look at all the species of the same genus as
having as certainly descended from a common progenitor, as have
the two sexes of any one species. Consequently, whatever part of
ihe structure of the common progenitor, o of its early descendants,
became variable, variations of this part would, it s highly probable,
be taken advantage of by natural and sexual selection, in order to fit
the several species to their several places in the economy of nature,
and likewise to it the two sexes of the same spacies to cach other,
or to fit the males to struggle with other males for he possession of
the females.

Finally, then, T conclude that the greater variability of specific
characters, or those which distinguish species from species, than of
generic characters, or those which are possessed by all the species;
Z_that the frequent extreme variability of any part which is deve-
loped in @ 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 bo developed, if it bo
common o a whole group of species ;—that the great variability of
secondary sexual characters, and their great difference in closely
allied speoies ;—that sccondary sexual and ordinary specifio differ-
ences are generally displayed in the same parts of the organisation,
—are all principles closely connected together. ~All being mainly
due to the species of the same group being the descendants of
a common progevitor, from whom they have inberited much in

mumon,—to parts which have recently and largely varied being
more likely still 1o go on varying than parts which have long been
inberited and have not varied —to natural selection Laving more o¢
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Less completely, according to the lapse of time, 0v('l’maslten‘:d the &
tendency to reversion and to further variability,—to sexual sclection
Deing less vigid than ordinary selection,—and to variations in the
same parts having been acoumulated by natural and sexual selection,
and having been thus adapted for secondary sexual, and for ordinary.
purposes.

Dtinct Specie present analogous Variations, s fhat & Varisty
of e Species often assumes a Claracter proper to anallicd
Species, or reverts to some of the Characters of an carly Progenitor.
—Theso propositions will be most readily understood by looking to
our domestic races. The most distinct breeds of the pigeon, in
countries widely apart, present sub-varieties with reversed feathers
on the head, and with feathers on the feet,—characters not possessed
by the aboriginal rock-pigoon; these then are analogous variations
in two or more distinet races. The frequent presence of fourteen
or even sixteen tail-feathers in the pouter may be considered as &
variation representing the normal structure of another race, the
fantail. I presume that no one will doubt that all such analogous
variations are due to the several races of the pigeon having inherited:
from a common parent the same constitution and tendency to
variation, when acted on by similar unknown infiuences. Tn the
vegetable kingdom we have a case of analogous variation, in tho
enlarged stems, or as commonly called roots, of the Swedish turnip
and Ruta baga, plants which several botanists rank as varieties
produced by cultivation from a common parent
the case will then be one of analogous variation in two so-called
distinct spacies ; and {0 these a third may be added, namely, the
common turuip.  According to the ordinary view of each specics
having been independently created, we should have to attributo
this similarity in the enlarged. stems of these three plants, not to
the veru causa of commaunity of descent, and a consequient tondency
to vary in.a like manuer, but to three separate yet closely related
acts of creation. Many similar cases of analogous variation have
‘een observed by Naudin in the great gourd-family,
authors in our cereals. Similar cases occurring with insects under
natural conditions have lately been discussed with much ability by
Mz Walsh, who has grouped them under his law of Equable
Variability,

With pigeons, howover, we have another case, namely, the occa-
:F‘:‘ﬂgalruﬂnca ifx all kh? bmc_\‘b, of slaty-blue birds with two
K pars on the wings, white loins, a bar at the end of the tail,
M BAI‘Iu:‘e\r feathers externally edged near their bases with

+ As all these marks are characteristic of the parent rock=
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% pigeon, T presumo that no one will doubt, that this is & case of
Teversion, and not of a new yet analogous variation appearing iy
the several breeds. We may, I think, confidently come to this
conclusion, becanse, a3 we have seen, these coloured marks are
eminently liable to appear in the crossed. offspring of two distinot
and differently coloured breeds; and in this case there is nothing
in the external conditions of life to causo the reappearance of the
slaty-blue, with tho several marks, beyond the influence of themer
act of crossing on the laws of inheritance.

o doubt, it is a very surprising fact that characters should re-
appear after baving been lost for many, probably for hundreds of
generations. But when a breed has been crossed only once by some
other breed, the offspring occasionally show for many generations a
tendency to revert in character to the foreign breed—some say, for
a dozen or even a score of generations.  After twelve gencrations,
the propartion of blood, to use a common expression, from one
ancestor, is only 1 in 2048; and yet, as we see, it is generally
Delieved that a tendency to reversion is retained by this remnant of
foreign blood. In a breed which has not been crossed, but in which
Both parents have lost some character which their progenitor pos-
sessed, the tendency, whether strong or weak, to reproduce the lost
character might, as was formerly remarked, for all that we can sce
to the contrary, be transmitted for almost any number of gener-
ations. When a character which has been lost in a breed, reappears
after a great number of generations, the most probable hypothesis
it, not that one individual suddenly takes after an ancestor
removed by some hundred generations, but that in each successivo
generation the character in question has been lying latent, and a6
Iast, under unknown favourable conditions, is developed.  With tho
‘barb-pigeon, for instance, which very rarely produces a blue bird, it
is probable that there is a latent tendency in each generation to
produce blue plumage. The abstract improbability of such a ten-
dency being transmitted through a vast number of generations, i
not greater than that of quite useless or rudimentary organs beins
similarly transmitted. A mere tendency to produce a rudiment 8
indeed sometimes thus inherited.

As all the species of the same genus are supposed to be descended
from a common progenitor, it might be expected that they would
occasionally vary in an analogous manner; so that the varieties of
two or more species would resemble cach other, or that a variety
of one species would resemblo in certain characters another and.
distinet, species,—this other species being, according to our view,
only a well-marked and permanent variety. But characters excli
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cariati 14 probably be of an unim-
sively due to “‘l"ﬁ:‘gﬂ:&: Rl unctionally important
amacters will have been determined through natural selévuor_-, in
‘aocordance with the different babits of the species. tl might
furtler be expected that the species of the sume gy 4 ocea-
sonally exhibit reversions to long lost charaeters. ~As, however,
‘e do not know the common ancestor of any natural group, we
cannot distinguish between reversionary and analogous characters.
1, for fnstance, we did not know that he parent rock-pigeon. was
1ot feather-footed or turn-crowned, we could not have told, whethor
«uch characters in our domestic breeds were reversions or ouly
analogous variations  but we might have inferred that the blue
colour was a case of reversion from the number of the markings,
which are correlated with this tint, and which would not probably
have all appeared. fogether from simple variation. - More especially
e might have inferred this, from the blue colour and the several
marks 50 often appearing when differently coloured breeds aro
crossed. - Hence, although under nature it must generally be left
doubtful, what cases are Teversions to formerly existing characters,
and what are new but analogous variations, yet we ought, on our
theary, sometimes to find the varying offspring of a species assuming
characters which are already present in other members of the same
sroup._And this undoubedly is the case.

Tho diffculty in distinguishing variable species is largely due to
the varieties mocking, as it were, other species of the samo genus.
A considerable catalogue, also, could be given of forms intermediate
between two other forms, which themselves can only doubifully bo
ranked as species; and this shows, unless all these closely allied
forms bo considered s independently created specics, that they
have in varying assumed some of the characters of the others. But
the best ovidence of analogous varintions is afforded by parts or
orguns which are generally constant in character, but which occa-
sonally vary 50 45 to resemble, in some degree, the same part or
organ in. an allied species. 1 have collected a long list of such
ke but here, as before, I Ji under the great disadvantage of not
g able to give them. 1 can only repeat, that such cases cor-

y oceur, and seem to me very remarkable,

, however, give one curious and complex case, ot indeed as
Wc‘:afn:-hyg important. character, but from ocourring in soveral
x e same genus, partly under domestication and partly
wm:i’f_f"":- Jtisa case almost certainly of reversion. The ass
o the g ey, it transvrso b n it legs, ko thoso

g + it has been asserted that these aro plainest

Darwin Online: By permission of the Trustees of the Natural History Museum
(London).



128 Distinct Species present Cuar. V.

in the foal, and, from inquiries which T have made, I believe this
4o bo true. Th stripe on the shoulder is sometimes double, and,
is very variable in length and outline. A white ass, but nof an
albino, has been described without either spinal or shoulder stripe
and these stripes are sometimes very obscure, or actually quite lost,
n dark-coloured asscs. The koulan of Pallas is said to have beon
soen with a double shoulder-stripe.  Mr. Blyth has seen & specimen
of the hemionus with a distinct shoulder-stripe, though it properly.
has none; and 1 have been informed by Colonel Poole that tho
foals of this species are generally striped on. the logs, and faintly on
the shoulder. The quagga, though so plainly barred Tike  zobra
over the body, s without bars on the legs; but Dr. Gray has figared
‘one specimen with very distinct zebra-like bars on the hocks.

With respect to the horse, I have collected cases in England of
tho spinal stripe in horses of the most distinct breeds, and of af
colours : transverse bars on the legs are not rare in duns, mouse-
duns,and in one instance in a chestnut : a faint shoulder-stripe may
sometimes be seen in duns, and I have seen a trace in a bay horse.
My son made a careful examination and sketch for me of a dun
Belgian cart-horse with a double stripe on each shoulder and with
leg-stripes; I have myself seen a dun Devonshire pony, and &
small dun Welsh pony has been carefully described to me, both
with fhree parallel stripes on each shoulder.

Tn the north-west part of India the Kattywar breed of horses is
5o generally striped, that, as I hear from Colonel Poole, who exa-
mined this breed for tho Tndian Government, a horse without stripes
is not considered as purely-bred. The spine is always striped ; the
legs are generally barred; and the shoulder-stripe, which is some-
times double and sometimes treble, is commons the side of tho
face, moreover, is sometimes striped. The stripes are often plainest
in the foal; and sometimes quite disappear in old horses. Colonel
Poole has seen both gray and bay Kattywar horses striped when
first foaled. T have also reason to suspeot, from information 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. T have myself recently bred a foal from a bay mare (of-
spring of & 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
disappeared completely. Without here entering on further details,
Lmay state that I have collected cases of leg and shoulder stripes
in horses of very different breeds in various countries from Britain te
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Fastern China; and from Norway in the north to the Malay Archi-
pelago n the south. In all parts of the wrld theso stripes oocue
B tenest i duns and mouse-duns; by the term dun a large rango
‘of colour is included, from one between brown and black to a close
pproach to cream-calour.

Tt aware that Colonol Hamilton Smith, who has written on
this subject, believes that the scveral breeds of the horso are
deseended from several aborigiual spedies—ono of which, the dun,
‘vas striped; and. that the above-described. appearances aro all duo
{o ancient crosses with the dun stock. But this view may be safely
ejected ; for it is highly improbablo that the heavy Belgian cart-
horsc, Welsh ponies, Norwegian cobs, the lanky Kattywar race, &c.,
inbabiting the most distant parts of tho world, should all have
been crossed. with one supposed aboriginal stock.

Now let us turn to the effects of crossing the several species of
the borse-genus, ollin asserts, that the common mulo from tho
rse is particularly apt to have bars on its legs; accord-

osse, in cerfain parts of the United States about nine
out of ten mules have striped legs. T once saw a mule with its
lags so much striped that any one might have thought that it was
a hybrid-zebra; and Mr. W. C. Martin, in his excallent treatiso on
the horse, has given a figure of a similar mule. In four coloured
drawings, which I have seen, of hybrids between the ass and zebra,
the legs were much moro plainly barred. than the rest of the body ;
and in one of them thero was a double shoulderstripe, In Lowd
Morton's famous hybrid from  chestnut mare and male quaggs,
tho liybrid, and even the pure offspring subsequently produced
from the same mare by a black Arabian sire, were much more
plinly ol s tho lgs han, is even the pure quaggn.
ﬁ;{x i E.\a Dlxl'mG is another most remarkable case, a hybrid has been

y Dr. Gray (and he informs mo that ho knows of  second
case) from the ass and the hemionus ; and this hybrid, though b
a8 only occasionally has siripes on Tis legs and tho hemiors has
e ad s . ven » shouldestripe, nevertheless had all for
ega barred, and Tiad. three short shoulder-stripes, 1k he
aun Devonstire and Welsh pont e
RS et s ponies, and even had some zebra-like
o heidsof s e, Wi rospct o thi s i, T wos

o ipe of colour appears from what is

i Zo’li);-:-"lr]icd c}mnc?, that I was led solely }:::‘:‘:h! oceurrence

ol pe; on this hybrid from the ass and hemionus to ask

Doty sy et such fuce-stipes ovr ocured i the emi-

sl | :giywmbbmed of horses, and was, as we have seen,
irmative. ?
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What now are we to say to these several facts? We sce several
distinct 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 wo sco this tendency strong whenever a dun ting
sppears—a tint which approaches to that of the general colouring
of the other species of the genus. Theappearance of the stripes is not
‘accompanicd by any change of form or by any other new character.
We seo this tendency to becoma striped most strongly displayed in
Tybrids from between scvoral of the most distinct species.  Now
observe the caso of the several breeds of pigeons: they are descendedt
from a pigeon (including two or three sub-species or geographical
races) ofa biuish colour, with certain bars and other marks ; and when
any breed assumes by simple variation a bluish tint, theso bars and
other marks invariably reappear; but without any other change of
form or charater. When the oldest and truest breeds of various
colours are crossed, we seo 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 account for the reappearance of very ancient
characters, is—that thero is a fendency in the young of each succes-
sive generation to produce the long-lost character, and that this
tendency, from unknown causcs, sometimes prevails. And we have
just seen that in. several specics of the horse-genus the stripes are
ither plainer or appear more commonly in the young than in the
old. ~Call the breeds of pigeons, some of which have bred true for
centuries, 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 on thousands of generations, and I see an
animal striped like a zebra, but perhaps otherwise very differently
constructed, the common parent of our domestio horse (whether or
mot it be descended from one or more wild stocks) of the ass, the
hemionus, quagga, and zbra,

e who believes that each equine species was independently
created, will, I presume, assert that each species has been created
with a tendency to vary, both under nature and under domestication,
in this particular manner, so as often to become striped like the
other species of the genus ; and that each has been created with
a strong tendency, when orossed with species inhabiting distaut
quarters of the world, to produco hybrids resembling in their
stripes, not their own parents, but other species of tho genus. To
admit this view s, as it seems to me, o reject a real for an unreal,
or at least for an unknown, cause. Tt makes the works of God &
mero mockery and deception ; I would almost as soon believe With
the old and ignorant cosmogonists, that fossil shells had never lived,
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bt lad bocn created in stone 80.as to mock the shells living on tho
ey Our iguorance of tho laws of variation is profound.
Not in one case out of a hundred can we pretend to assign any
Teason why this or that part hos varied. But whenever wo have
the means of instituting a comparision, the same laws appear to
Dave acted in producing tho lesser differences betevecn varietics of
tho samo species, and tho greater differences hetween specics of the
same genus. - Changed conditions generally induco mero fluctuating
variability, but sometimes they causo direct and definite offeot
and these may become strongly marked in the course of time,
though we have ot sufficient ovidenco on this head. Halit in
‘producing constitutional peculiarities and use in strengthening and
disuse in weakening and diminishing organs, appear in many c
10 have been potent in their effets. Homologous parts tend fo v
in the same manner, and homologous parts tend to cohere, - Modi
cations in hard parts and in external parts sometimes affect softer
and internal parts. When ono part is largely developed, perhaps it
tends to draw nourishment from the adjoining parts 3 and cvery
part of the structure which can bo saved without detriment will bo
saved. Changes of structure at an carly age may affect parts sub-
soquently developed ; and many cases of correlated variation, tho
maturo of which we are unable to understand, undoubtedly ocour.
Multiple parts are variablo in number and in structure, perhaps
arising from such parts not having been closely specialised for any
particular function, so that heir modifications have not been closely
checked by natural selection. Tt follows probably from this same
cause, that organic beings low in the scale are more variable than
those standing higher in the scale, and which have their whole
organisation more specialised.  Rudimentary organs, from being
useless, are not regulated by mnatural selection, and henco aro
variable. Specific characters—that, is, the characters which have
come {0 diffr since the several species of the same genus branched
off fiom 4 common parent—aro more variablo than generic cha-
fisters or those which have long been inherited, and have not
¢ “‘t"’s‘;:?ltgtﬂme period.  In these remarks we have re-
ial parts or organs being still variable, becanso tho

have recently vaied and thus como (o differ but we have also soen
2 dx_hg‘lmna chapter that the same princi

[u“:;_u&& in a district where many species of a gemus are
differentiation, or where
been actively at work—in.

ry
B

that district and amongst these spocies,

K2
Darwin Online: By permission of the Trustees of the Natural History Museum
(London).



132 Laws of Variation. Cuar. V.
we now find, on an average, most varieties. Secondary sexual
characters are highly variable, and such characters differ much in
the species of the same group. ~ Variability in the sam parts of the
organisation has generally been taken advantage of in giving secon-
dary sexual differences fo tho two sexes of the same species, and
specific differences to the several species of tho sume genus. ~Any.
part or organ developed. to an extraordinary size or in an extra-
ordinary manner, in comparison with the same part or organ in the
allied species, must have gone through an extraordinary amount of
‘modification since the genus arose; and thus we can understand
be variable in a much higher degree than
other parts ; for variation is a long-continued and slow process, and
natural selection will in such cases not as yet havo had timo to
overcome the tendency to further variability and to reversion 0 3
less modified state. Dut when a species with any extraordinarily-
developed organ has become the parent of many modified descen-
dants—which on our view must be a very slow process, requiring a
long lapse of time—in this case, natural selection has succeeded in.
giving a fixed character to the organ, in however extraordinary a
‘manner it may have been developed. ~Specics inheriting nearly the
same constitution from a common parent, and exposed to similar
influences, naturally tend to present analogous variations, or these
same species zay uv:cnsmmﬂy revert to some of the characters of
their ancient pro; though new and important modifica-
B e e analogous variation, such
molifcations will add 1o the beautiul and harmonious diversity of

Whnmvcr the cause may be of cach slight difference between the
offspring and their parents—and . cause for cach must exist—we
have reason to believe that it is tho steady accumulation of bene~
ficial differences which has given rise to all the more importaut
‘modifications of structure in relation to the habits of each species.
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CHAPTER VI

DrrricvLTies or TE THEORY.

oo th hwory o et ith mdintion — Ao or rsity
of trto] vl Trntin a Dbt ol Divesied
with habit widly ifurent

habits in the

transition —Cases of diffcalty — Natura non facit saltum — Organs
of small importance —Organs not. in all cases absolutely perfoct —
“The Jaw of Unity of Type and of the Conditions of Existence embraced
by the theory of Natural Selection.

Loxa before the reader has arrived at this part of my work, a crowd
of difficulties will have occurred to him. Some of them are so
serious that to this day T can haxdly reflect on them without being
in some dogree staggered ; but, to the best of my judgment, tho
number are only apparent, and those that are real aro greater ot,
1 think, fatal to the theory.

These difficulties and objections may be classed under the follow-
ing heads t, why, if species have descended from other species
by fine gradations, do we not everywhere soo innumerable tran.
sitional forms?  Why is not all nature in confusion, instead. of the
species being, as we see them, well defined ?

econdly, is it possible that an animal having, for instance, the
ture and habits of a bat, could have been formed by the modifi-
cation of some other animal with widely-different ~ habits and

fpintly, can intinets e aequired. and modifid through matural

e al we say to the instinct which leads the beo

S oo, and which has practically anticipated. the discoveriey
icians ?

x o We account, for specics, when crossed, ‘being
terile and producing sterlo offpring, ‘Whereas, when varicties are
crossed, theit fertility is unimpaired

The w0 frst heads will hero e discussed ; some miscellaneous
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cbjeotions in the following chapter ; Instinct and Hybridism in the
vo g chapters.
‘“oﬁ"mi’ni u‘: Rarity of Transitional Varictics—As natural
scleotion ncts solely by the preservation of profitable modifications,
each new form will tend in a fully-stocked country to take the place
of, and finally to exterminate, its own less improved parent-form
and other loss-favoured forms with which it comes into competition.
Thus extinction and natural selection go hand in hand. Hence, if
we look at each species as descended from somo unknown form,
both the parent and all the transitional varieties will generally have
been exterminated by the very process of the formation and per-
fection of the new form.

But, as by this theory innumerable transitional forms must have
existed, why do we not find them embedded in countless numbers
in the crust of the carth? Tt will be more convenient to disouss
this question in the chapter on the Imperfection of the Geological
Record ; and I will hers only state that T beliove the answer mainly
lios in the record being incomparably less perfect than is generally
supposed. The crust of the earth is a vast musewm; but the
natural collections have been imperfectly made, and only at long
intervals of time.

But it may be urged that when several closely-allied species
inhabit the same territory, we surcly ought to find at the present
time transitional forms. Let us take a simple case: in
travelling from north to south over a continent, we gencrally meet
at successive intervals with closely allied or representative species,
evidently filling nearly the same place in the natural economy of
the land. These representative species often meet and interlock ;
and as the one becomes rarer and rarer, the other becomes more and
more frequent, till the one replaces the other, But if we com
these species whero they intermingle, they are generally as absolutely
distinct from cach other in every detail of structure asare specimens
taken from the metropolis inhabited by each. By my theory these
allied species ate descended from a common parent; and during the
process of modification, each has become adapted to the conditions'
of life of its own region, and has supplanted and exterminated its
original parent-form and all the transitional varieties between its
past and present states. Henco we ought mot to expect at the
Ppresent time 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 intermediate varieties? This difficulty for a long time
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quite confounded me. But T think it can be in largo part ex-
P the first place wo should bo extremely cautions in inferring,
because an area. is now continuous, that it has been continuous
during 2 long period. Geology would lead us to believe that most
continents have been broken up into islands even during the later
trtiary periods 3 and in such islands distinct specics might have
been separately formed without the possibility of intermediate
varicties existing in the intermediate 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 continuous and
uniform condition than at present. But I will pass over this way
of escaping from the difficulty; for T believe that many perfcotly
defined species have been formed on strictly continuous areas;
though T do not doub that the formerly broken con areas
now continuous, has played an important part in the formation of new
species, more especially with freely-crossing and wandering animals,

In looking at species as they aro now distributed over a wide
area, we generally find them tolerably numerous over a large
territory, thon becoming somewhat abruptly rarer and rarer on tho
confines, and finally disappearing, Hence the neutral territory
between two representative species is generally narrow in comparison
with the territory proper to each. We see the same fact in
ascending mountains, and sometimes it is quite remarkable how
abruptly, as Alph. de Candolle bas observed, & common- alpine
species disappears. 'The samo fuct 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 lifo as the all-
important elements of distribution, these facts ought to cause

rprise, s climate and height or depth graduate away insensibly.

e range of others, will
each species on the confines
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of its range, where it exists in lessencd numbers, will, during fluct-
ations in the number of its enemies or of its prey, or in the nature
of the seasons, be extremely liablo to utter extermination ; and thus
its geographical range will come to be still more sharply defined.

‘As allied or representative species, when inbabiting a.continuous.
area, are generally distributed in such a manner that cach has a
wide range, with a comparatively narrow neutral territory botween.
them, in which they become rather suddenly rarer and rarer; then,
as varieties do not essentially differ from species, the same rule will
probably apply to both ; and if we take a varying species inhabiting
a very large area, we shall Lave to adapt two varisties to two largo
areas, and a third varicty to & narrow intermediate zone, The
intermediate variety, consequently, will exist in lesser numbers
from inhabiting a narrow and lesser area ; and practically, as far as
1 can make out, this rule holds good with varieties in a state of
nature. T have met with striking instances of the rule in the caso
of varieties intermediate between well-marked varieties in the genus
Balanus. And it would appear from information given me by M.
Watson, Dr. Asa Gray, and Mr. Wollaston, that generally, when
varioties intermediate between two other forms ocour, they are much
rarer numerically than the forms which they connect. Now, if we
may trust these facts and inferences, and conclude that varieties.
linking two other varioties together generally have existed in lesser-
umbers than the forms which they connect, then we can understand.
why intermediate varicties should not endure for very long periods :
—why, as a general rule, they should be exterminated and disappear,
sooner than the forms which they originally linked together,

For any form existing in lesser numbers would, as already
remarked, run 2 greater chance of being exterminated than one
existing in largo mumbers; and in this particular case the inter-
mediate form would b eminently liable to the inroads of closely~
allied forms existing on both sides of it. But it is a far more
important consideration, that during the process of further modifi-
cation, by which two varicties are supposed to be converted and.
perfected into two distinet species, the two which exist in larger
mumbers, from inbabiting larger areas, will have a great advantage
over the intermediate variety, which exists in smaller numbers.
in  narrow and intermediate zone. For forms existing in larger
numbers will have a better chance, within any given period, of
presenting further favourable variations for natural selcction o
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
eat and supplant the less common forms, for these will be moro:
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owly modified and improved. It is the same principle which, as
T elieve, accounts for the common species in each country, as
Shown in the second. chapter, prsenting on an average a greater:
number of well-marked varieties than do the rarer specics. 1 may
illustrate what I mean by supposing threo varictics of sheep to b
Kept, one adapted to an extensive mountainous region ; a second
t0 8 comparatively narrow, hilly tract; and a third to the wide
plains at the base; and that the inhabitants are all trying with
equal steadiness and skill to improve their stocks by selection ; the
chances in this case will be strongly in favour of the great holders
on the mountains or on the plains, improving their breeds more
quickly than the small holders on the intermediate narrow, hilly
tract; and consequently the improved mountain or plain breed will
soon take the place of tho less improved hill breed ; and thus the
two breeds, which originally existed in greater numbers, will come
into close contact with each other, without the interposition of the
supplanted, intermediate hill-variety.

To sum up, I believe that species come to be tolerably well-
defined objects,and do not at any one period prosent an inextricablo
chaos of varying and intermediate links: first, because new varie-
ties are very slowly formed, for variation is a slow process, and
natural selection can do nothing until favourable individual
differences or variations 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 inbabitants, and, probably, in a still more important degree,
on some of the old inhabitants becoming slowly modified, with the
new forms thus produced and the old ones acting and reacting on
cach other. 8o that, in any ono region and at any one timo, wo
ought to see only a fow species presenting slight modifications of
structure fn some degree permanent ; and this assuredly we do see.
g Secondly, arcas now continuous must often havo existed within

he recent period as isolated. portions, in which many forms, more

especially amongst the classes which unite for each birth and
:;l:m: ﬁucrﬁ;lkm-y lave separately been rendered sufficientl

‘el o, Tk a5 reprosentative specics. In this casc, inter-

Jugre varities botween the several represontative species and

common parent, st formery have existed within_cach

; . land, but heso links during the process of

nl"l::m;l selection will have been supplanted and exwlm}:nntl‘d 50
that they will no longer be found in a Livi, »

iy donger b found i a living stat,
» When two or more varieties have been formed in different
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portions of a strictly contiuous area, intermediate varieties will, it
is probable, at first have been formed in the intermediate zones, but
they will gencrally have had a short duration. For these inter-
‘mediate varieties will, from reasons already assigned (namely from
what we know of the actual distribution of closely allied or repre-
sentative specics, and likewiso of acknowledged varieties), exist in
the intermediate zones in lesser numbers than. the varieties which
they tend to connect. From this cause alone the intermediate
‘varieties will be liable to accidental extermination; and during the
‘process of further modification through natural selection, they will
almost certainly be beaten and supplanted by the forms which they
connect ; for theso from existing iu. greater numbers will, in the
aggregate, present more varicties, and thus be further improved
through natural seloction and gain further advantages.

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; bug
the very process of natural selection constantly tends, as has been
50 often remarked, to exterminate the parent-forms and the inter-
mediate links. Consequently evidenco of their former esistence
could be found only amongst fossil remains, which aro preserved, as
we shall attempt to show in 6 future chapter, in an extremely im-
perfect and intermittent record.

On the Origin and Transitions of Organic Beings with peculiar
Habits and Structure—It has been asked by the opponents of such
views as I hold, how, for instance, could a land carnivorous animal
Tave been converted. into one with aquatic habits; for how could
the animal in its transitional state have subsisted ? Tt would bo
casy to show that there now exist camnivorous animals presenting
close intermediate grades from strictly terrestrial to aquatic habits;
and as cach exists by a struggle for life it is clear that each must be
well adapted to its place in nature. Look at the Mustela vison of
North America, which has webbed feet, and which resembles an
otter in its fur, short legs, and form of fail. During the 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 caso 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
ifficul to answer. Yot I think such diffculties have little weight.

Hero, as on other occasions, I lio under a heavy disadvantage, for,
ot of tho many striking cases which I have collected, T can give
only one or two instances of transitional habits and structures in
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jes; and of diversified habits, cither constant or occa-
b s speces. Al it soems to_ me that nothing los
than a long list of such cases is suficient to lessen the difficulty in
any particular case like that of tho bat.

Took at the family of squirrels; here we have the finest gra-
dation from animals with their tails only slightly flattencd, 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 liumbs and even the baso of the tail united by a broad
expanse of skin, which sorves as @ parachute and allows them to
glide through the air to an astonishing distance from tree to treo.
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, to collect food more quickly, ar, as there is reason to
olieve, to lessen the danger from occasional falls. But it does not
follow from this fact that the structure of each squirrel is tho best
that it is possible to conceive under all possible conditions. Let
the climate and vegetation change, let other competing rodents or
zew 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 corresponding
manner. Therefore, I can see o difficulty, more especially under
changing conditions of life, in the continued preservation of indi-
viduals with fuller and fuller flank-membranes, each modification
Deing useful, cach being propagated, until, by the accumulated
effcets of this process of natural selection, . perfect, so-called flying
squirrel was produced.

Now look at the Galeopitheous or so-called flying lemur, which
formerly was ranked amongst bats, but s now believed to belong
I{:u:etinseclwum. An extremly wide flank-membrane stretches
o e gormers of the ju to tho tail, and inclades the limbs

i longated fingers. ‘I'his flank-membrane is furnished with
el ele. Although no gradusted links of structure,ftted
e glidin i i “
h e i mr;:iz‘ t:;n:xh, noW connect the Galeopithecus with

tusmmer as with the less perfeotly gliding squirrels ; each grade
o cful to its possessor. Nor can I see
comentey bl diffculty i further believing that the membrane
been greatiy oy fOFo-amm of the Galeopithecus might have
Srenlylengthened by natural secction - and this, as far as the
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organs of flight are concerned, would have converted the animal
intoabat. In certain bats in which the wing-membrano extends
{rom the top of the shoulder to the tail and includes the hind-logs,
e perhaps sce traces of an apparatus originally fitted for gliding.
through the air rather than for fight. f

If about @ dozen genera of birds were to become extinet, who
would have ventured to surmise that birds might have existed
whioh used. their wings solely as flappers, like the logger-headed.
duck (Micropterus of Eyton) ; as fins in tho water and as front-legs
on tho land, like the penguin; as sails, ke the ostrich; and func-
tionally for no purpose, like tho Apteryx? Yet the structuro of
each of theso birds s good for it, under the conditions of life to
which it is exposed, for each has to live by a strugale; but it is not
nocesarily the best possiblo under all possible conditions. ¢ must
1ot b infrred from these remarks that any of the grades of wing-
structure here alluded to, which perhaps may all be the result of
disuse, indicate_the steps by which birds actually acquired their
perfeet power of flight; but they serve to show what diversified
sneans of transition are at least possibl

Seeing that a few members of such water-breathing classes as
tho Crustacea and Mollusea are adapted to Live on the land; and
sccing that wo have flying birds and mammals, flying fuscets of the
most diversifid types, and formerly had flying reptiles, it is con-
ceivable that flying-fish, which now glide far through the air,
lightly rising and turing by the aid of their fluttering fins, might
have been. modified into perfectly winged animals. If this had
been effeoted, who would have ever imagined that in an carly
transitional state they had been the inhabitants of the open oocan,
and had used. their incipient orgms of fight exclusively, as fur a5
e know, to cscapo being devoured by other fish ?

When We see any structure highly perfected for any particular
habit, as the wings of a bird for flight, we should bear in mind thab
animals displaying carly transitional grades of the structure will
seldom have survived to the present day, for they will have been
supplanted by their successors, which were gradually rendered moro
verfect; through natural selection.  Furthermore, we may concludo
that transitional states between structures fitted for very different
habits of life will rarely have been developed at, an carly period in
reat numbers and under many subordinate forms. Thus, to return
to our imaginary illustration of the flying-fish, it does mot seem
probable that ishes capable of tru fight would have been developed
under many subordinate forms, for taking prey of many kinds in
‘many ways, on the land and in the water, until their organs of fight.
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had come to a high stage of perfection, 5o 1 to have given them o
decided advantago over other animals in the battle for life. Henco
the chanoo of discovering species with transitional grades of struc-
tare in o fossil condition will always be less, from their having
existed in lesser numbers, than in the case of species with fully
developed structures.

T will now give two or three instances both of diversified and of
changed habits in the individuals of the same specics. In either
case it would be casy for natural selection to adapt the structuro
of tho animal to its changed habits, or exclusively to one of its
soveral habits. It is, however, diffcult o decide, and immaterial
for us, whether habits generally change first and structure ater-
wards ; or whether slight modifications of structure lead to changed
habits 3 both probably often oceurring almost simultaneously. OF
cases of changed habits it will suffice merely to allude to that of the
many British insects which now feed on exotio plants, or exclu-
sively on artificial substances. Of diversified habits innumerable
imstances could bo given: I have often watched a tyrant flycatcher
(Sanrophagus sulphuratus) in South America, hovering over ono
spot 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 sometimes, liko a shrike, kills small birds by blows
on the fead ; and T have many times seen and heard it hammering
the seeds of the yew on a branch, and thus breaking them like a
suthatch.  In North America the black bear was seen by Hearne
swimming for hours with widely open mouth, thus catching, almost
Tike a whale, insects in the water.

As we sometimes sco individuals following habits difforent from
those proper to their species and to the other species of the sumo
gemus, we might expect that such individuals would occasionally
give riso to new species, having anomalous habits, and with their
structure cither slightly or considerably modified from that of
their type. And such. instances occur in nature. Can a mors
striking instance of adaptation be given than that of a woodpecker
fnr climbing trees and seizing insects in the chinks of the bark ? Yet
in North America there 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 hardly a tree grows, there is o
woodpecker (Colaptes campestris) which has two toes before and
two behind, a long pointed tongue, pointed tail-feathers, sufficiently
Sl to support tho kird in a vertical position on a post, but not so
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tiff s in tho typical woodpeckers, and a straight strong beak. Tho
‘beak, however, is not so straight or so strong as in the typical
woodpeckers, but it is strong enough to boro into wood. Hence
this Colaptes in all the essential parts of its structure is a wood-
er. Even in such trifling characters as the colouring, the
barsh tone of the voice, and undulatory flight, its close blood-
relationship to our common woodpecker is plainly declared; yet,
as I can assert, not only from my own observations, but from those
of the accurate Azara, in crtain large districts it does not climb
trees, and it makes its nest in holes in banks! Tn certain other
districts, however, this same woodpeoker, as Mr. Hudson states,
frequents trees, and bores holes in the trunls for its nest. I may
‘mention as another illustration of the varied habits of this genus,
that & Mexican Colaptes has been described by De Saussure as
boring holes into hard wood in order to lay up a store of acorns.

Petrels aro the most aérial and oceanic of birds, but in the quiet
sounds of Tierra del Fuego, the Puffinuria berardi, in its general
habits, in its astonishing power of diving, in its manner of swim-
ming and of flying when made to take flight, would be mistaken
by any one for an auk or a grebe; nevertheless it is essentially &
petrel, but with many parts of its organisation profoundly modified
in relation to its new habits of 1fo; whereas the woodpecker of
La Plata has had its stracture only slightly modified. In the caso
of the water-onzl, the acutest observer by examining its dead body
would never have suspected its sub-aquatio habits yet this bird,
which is allied to the thrush family, subsists by diving—using its
wings under water, and grasping stones with its fect. All the
members of the great order of Hymenopterous insects are terrestrial,
excepting the genus Proctotrupes, which Sir John Lubbock has
discovered to be aquatic in its habits; it often enters the water and
dives about by the use not of its legs but of its wings, and remains
as long as four hours beneath the surface; yet it exhibits no modi-
fication in structure in accordance with its abnormal habits.

He who believes that each being has been created as we now seo
it, must occasionally have felt surpriso when he has met with an
animal having habits and structure not in agreement. What can
bo plainer than that the webbed feet of ducks and geese are formed
for swimming? Yet there are upland gecse with webbed feet which
rarely go near the water ; and no one except Audubon has scen the
Irigate-bird, which bas all its four toes webbed, alight on the surface
of the ocean.  On tho other hand, grebes and coots are eminently
aquatic, although their tocs are only bordered by membrane, What
scoms plainer than that the long tocs, not furnished with membrane
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of the Grallatores are formed. for walking over swamps and floating
plants?—the water-hen and landrail are members of this order,
yet the frst is nearly as aquatic s the coot, and the second nearly
as terrestrial as the quail or partridge. In such cases, and many
others could be given, habits have changed without a corresponding.
change of structure. 'The webbed fect of the upland goose may be
said to have become almost rudimentary in function, though not
in structure. In tho frigate-bird, the deeply scooped membrane
etween the toes shows that structure has begun to change.

Ho who belioves in separate and innumerable acts of creation
may say, that in theso cases it has plensed the Creator to cause a
being of ono type to tako the place of one belonging to another
types but this seems to mo only re-stating the fact in dignified
language. Ho who belioves in the struggle for existenco and in the
principle of natural selection, will acknowledge that every organio
‘being is constantly endeavouring to increaso in mumbers ; and that
if any one being varies ever so little, either in babits or structure,
and thus gains an advantage over some other inhabitant of the
same country, it will seize on the place of that inhabitant, howover
different that may be from its own place. Henco it will cause him.
1o surprise that there should be geose and frigate-birds with webbed.
feet, living on the dry land and rarely alighting on the water;
that there should be long-toed corncrakes, living in meadows in-
stead of in swamps ; that there should be woodpeckers whero hardly
a tree grows; that thero should be diving thrushes and diving
Hymenoptera, and petrels with the habits of auks.

Organs of eatreme Perfection and Complication.

o suppose that the eye with all its inimitable contrivances for
adjusting the foous to different distances, for admitting different
amounts of light, and for the correction of spherical and chromatic
aberration, could have been formed by natural selection, scems,
T frecly confess, absurd in the highest degree. When it was first
said that the sun stood still and the world turned round, tho
common sense of mankind declared the doctrine false; but the old.
saying of Vow populi, vox Dei, as every philosopher knows, cannot.

+ be trusted in science. Reason tells me, that if numerous gradations
from a simple and imperfect eye to one complex and perfect can
e shown to exist, each grade being useful to its possessor, as is
certainly the case; if further, the eye ever varies and the variations
bo inherited, as is likewise certainly tho caso; and if such varia-
tions should be useful to any animal under changing conditions of
e, then the difficulty of believing that o perfect and complex eye
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could o formed by natural selection, though insuperable by our
imagination, should not b considered as subversive of the theory.
How a nerve comes to bo sensitive to light, hardly concerns us
more than how lifo itself originated; but I may remark that, as
some of the lowest organisms, in which nerves cannot be detected,
are capable of pereciving light, it does not seem. impossible that
certain sensitive clements in their sarcode should become aggregated
and developed into nerves, endowed with this special sensibility.

T searching for the gradations through which an organ in any
species has been perfected, we ought to look exclusively 1o its lineal
progenitors ; but this is scarcely ever possible, and we are forced to
ool to other species and genera of the same group, that s to the
collateral descendants from the same parent-form, in order to seo
what gradations aro possible, and for the chance of some gradations
having been transmitted in an unaltered or little altered condition.
But the state of the same organ in distinot classes may incidentally
throw light on the steps by which it has been perfected.

The simplest organ which can be called an eye consists of an
optic nerve, surrounded by pigment-cells and covered by translucent
skin, but without any lens or other refractive body. We may,
however, according to M. Jourdain, descend even a step lower
and find aggregates of pigment-cells, apparently serving as organs
of vision, without any nerves, and resting merely on sarcodi tissue.
Eyes of the above simple nature are not capable of distinct vision,
and sarve only to distinguish light from darkness. In cortain star-
fishes, small depressions in the layer of pigment which surrounds
the nerve are filled, as described by the author just quoted, with
transparent, gelatinous matter, projecting with a convex surface, ke
the cornea in the higher animals. He suggests that this sorves not
to form an image, but only to concentrate the luminous rays and
render their perception more easy. In this concentration of the
rays we gain the first and by far the most important step towards
the formation of a true, picture-forming eye; for we have only to
place the naked extremity of the optic nerve, which in some of tho
lower animals lies deeply buried in the body, and in some near
the surface, at the right distance from the concentrating apparatus,
and an image will be formed on it.

In the great class of the Articulata, we may start from an optic
nerve simply coated with pigment, the latter sometimes forming &
sort of pupil, but destitute of a lens or other optical contrivance.
With insects it is now known that the numerous facets on the
comea of their great compound eyes form true lenses, and that
thie cones include curiously modified nervous flaments. - But theso
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organs in the Articulata areso much diversified. that Miller formerly

5 main classes with seven subdivisions, besides a fourth
‘main class of aggregated simple eyes.

When w refleot on these facts, here given much too briefly, with
respect to the wide, diversified, and graduated rango of structure in
the eyes of the lower animals; and when we bear in mind how
small the number of all living forms must be in comparison with
those which have become extinct, the difficulty ceases to be very
great in believing that natural selection may have converted tho
simple apparatus of an optic merve, coated with pigment and
invosted by transparent membrane, into an optical instrument as
perfect as is possessed by any member of tho Articulate Class.

He who will go thus far, ought not to hesitate to go one step
further, if he finds on finishing this volume that large bodies
of ficts, otherwise inexplicable, can be explained by the theory of
‘modification through natural selection; he onght to admit that a
structure even as perfect a5 an eagle’s eyo might thus be formed,
althongh in this case he does not know the transitional states. 1t
Tas been objected that in order to modify the eye and still preserve
it as a perfect instrament, many changes would have to be effectec
simultancously, which, it is assumed, could not be done througe.
natural seloction ; but as I have attempted to show in my work on
the variation of domestic animals, it is not necessary to suppose.
that the modifications were all simultaneous, if they were extremely
slight and gradual. Difforent kinds of modification would, also,
serve for the same general purpose: as Mr. Wallace has remarked,
“if a lens has too short or too long a focus, it may bo amended
cither by an alteration of curvature, or an alteration of density; i
the curvature be irregular, and. the rays do not convergo to a point,
then any increased regularity of curvature will be an improvement.
80 the contraction of the iris and the muscular movements of the
eye are neither of them essential to vision, but only improvements
which might have been added and perfected ai any stage of the
construction of the instrument.” Within the highest division of
the animal kingdom, namely, the Vertebrata, we can start from an
eye so simple, that it consists, as in the lancelet, of a littlo sack of
transparent skin, farnished with a nerve and lined with pigment,
but destitute of any other apparatus. In fishes and reptiles, as
Owen has remarked, “the range of gradations of dioptric structures
s very great” It is a significant fact that even in man, acconding
to the high authority of Virchow, the beautiful crystalline lens is
formed in the embryo by an accumulation of epidermic cells, lying
in a sacklike fold of the skin; and the vitreous body is formed

2
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from embryonic sub-cutaneous tissue. To arive, however, at a
just conclusion regarding the formation of the eye, with all its mar-
Vellous yet not sbsolutely perfect characters, it is indispensable
that the reason should conquer the imagination; but I have felg
the diffiulty far too keenly to be surprised at others hesitating to
extend the principle of natural selection to 5o startling a length.

Tt is scarcely possible to avoid comparing the eye with a telescopo.
We know that this instrument has been perfected by the long-
continued efforts of the highest human intellects; and wo naturally
infer that the cye has been formed by a somewhat analogous
process.  Dut may not this inference be presumptuous? Have we
any right to assume that the Creator works by intellectual powers
like those of man? If we must compare the eye to an optical
instrument, we ought in imagination to take a thick layer of
transparent tissue, with spaces filled with fiuid, and with a nerve
sensitive to light beneath, and then suppose every part of this layer
to be continually changing slowly in density, 5o as to separate into
layers of different, densities and thicknesses, placed at different
distances from cach other, and with the surfaces of each layer
slowly changing in form, Further we must suppose that there is a
‘power, reprosented by natural selection or the survival of the fittest,
always intently watching each slight alteration in the transparent
Iayers; and carefully proserving each which, under varied ciroum=
stances, in_any way or in any degree, tends to produce a distincter
image. We must suppose each new state of the instrument to be
multiplied by the million; each to be preserved until a better ono
is produced, and. then the old ones to be all destroyed. In living
odies, variation will cause the slight alterations, generation will
‘multiply them almost infinitely, and natural selection will pick out
with unerring skill each improvement. Lot this process go on for
millions of years; and during each year on millions of individuals
of many kinds; and may we not believe that a living optical
instrament might thus be formed as superior to one of glass, as the
works of the Creator are to those of man?

Modes of Transition.

1f it could bo demonstrated that any complex organ existed,
which could not possibly have been formed by mumerous, suc-
cessive, slight modifications, my theory would absolutely break
down. But T can find out no such case. No doubt many organs
exist of which we do not know the transitional grades, more espe-
cially if we look to muckvisolated species, round which, according fo
the theory, thero has been much extinction. Or again, if we take
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all the members of a class, for in this latter

‘must have been originally formed at a remote period,
;ﬁﬂ?ﬁm the many members of the class have been developed ;
and in order to discover the early transitional grades through which
tho organ has passed, we should_ have to look to very ancient ances-
eral forms, long since become extinct. %

We should be extremely cautious in concluding that an organ
could not have been formed. by transitional gradations of scme kind.
Numerous cases could be given amongst the lower animals of the
“ame organ performing at tho same time wholly distinct functions;
thus in the larva of the dragon-fly and in the fish Cobites the
alimentary canal respires, digests, and excretes. In the Hydrm, the
animal may be turned inside out, and the exterior surface will then
digest and the stomach respire. In such cases natural selection
might specialise, if any advantage were thus gained, the whole or
part of an organ, which had previously performed two functions, for
‘one fanction alone, and thus by insensible steps greatly change its
nature. Many plants are known which regularly produce at the
same time differently constructed flowers; and if such plants wero
0 produce one kind alone, a great change would be effccted with
comparative suddenness in the character of the species. 1t is, how-
ever, probable that the two sorts of flowers borne by the same plant
were originally differentiated by finely graduated steps, which may
still be followed in some fow cases

Again, two distinct organs, or the same organ under two very
different; forms, may simultaneously perform in_the same individual
the same function, and this is an extremely important means of
transition : to give one instance,—there are fish with gills or
Dranchia that breathe the air dissolved in the water, at the same
time that they breathe free air in their swimbladders, this latter
organ being divided by highly vascular partitions, and having o
ductus poeumaticus for the supply of air. To give another instance
from ho vegotabl kingdom : plants climb by three distinct means,
by spirally twining, by clasping a support with their sensitive
tendrils, and by the emission of aérial rootlets ; theso threo means
o taually found in distinct groups, but some few species exhibit

0 of the means, or even all three, combined in the same indivi-

an organ common to

modified aud. perfected 50 as to perform all the work, being aided
ﬂ“-i;mn:h'::u ngvmiihuf b:nodiﬁw,tiun by the other organ; and then
organ might bo modified for some other and quite distinc
purpose, or be whally obliterated. e G 100
Tho illustration of the swimbladder in fishes is a good one,
L2
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becauso it shows us clearly the highly important fact that an organ
originally constructed for one purpose, namely, flotation, may be
converted into one for a widely different purpose, namely, respiration.
Tho swimbladder has, also, been worked in as an accessory o the
auditory organs of certain fishes. All physiologists admit that
the swimbladder is homologous, o * ideally similar™ in position and
structure with the lungs of the higher vertcbrate animals: henco
thero is mo reason to doubt that the swimbladder has actually
been converted into lungs, or an organ used exclusively for
respiration. :

“According to this view it may bo inferred that all vertebrate
animals with trae lungs are descended. by ordinary generation from
an ancient and unknown prototype, which was furnished with a.
floting apparatus or swimbladder,  We can thus, as T infer from
Oren's interesting description of these parts, understand the strange
fack that every particle of food and drink which we swallow has to
‘pass over the orifice of the trachea, with some risk of flling into
the lungs, notwithstanding the beautiful contrivance by which. the
glottis is closed. In the higher Vertebrata tho branchis have
srholly disappeared—but in the embryo the slits on the sides of the
neck and. the loop-like course of the arteries still mark their former
position.  But it is conceivable that the now utterly lost branchis
‘might have been gradually worked in by natural selection for some
distinot purpose : for instance, Landois has shown. that the wings
of insects are developed from the trachea; it is therefore highly
probable that in this great class organs which once served for
respiration have been actually converted into organs for fight.

In considering trausitions of organs, it is so important to bear in
‘mind the probability of conversion from one function to another,
that T will givo another instance. Pedunculated cirripedes have
two minute folds of skin, called by me the ovigerous frena, which.
serve, through the means of a sticky secrotion, to retain the eggs
until they are hatched within the sack. Theso cirripedes have no
branchi, the whole surface of the body and of the sack, together
with the small frena, serving for respiration, The Balanidw or
sessile cirripedes, on the other hand, have no ovigerous frena, the
eags lying loose at the bottom of the sack, within the well-enclosed
shell but they have, in the same relative position with. the frens,
large, much-folded membranes, which freely communicate with the
circulatory lacun® of the sack and body, and which have been
considered by all naturalists to act as branchiz. Now I think no
one will dispute that the ovigerous frena in the ono family are
strictly homologous with the brauchi of the other family ; indeed,
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they graduate into each other. Therefore it need not be doubted.
{hnt the two little folds of skin, which originally served as
ovigerous frena, but, which, likewise, very slightly aided in the
act of respiration, have beem grdually converted by natural
selection into branchiz, simply through an increase in their sizo
and the obliteration of their adhesive glands. If all pedunculated

extinction than havo sessile cirripedes, who would ever have
imagined. that the branchie i this latter family had originally
existed as organs for preventing the ova. from being washed out of
the sack ?

Thers is another possible mode of transition, namely, tl.\muwh
the acceleration or retardation of the period of reproduction.
s ely b insisted on by Prof. Cope and others in the nu.m

tates. Tt is now known that some animals are capable of Tepro-
e very catly age, before they have acquired their perfect
and if this power became thoroughly well developed in
a spocics, it soems probable that the adult stage of development
swould sooner or later bo lost 5 and in this case, especially if the
larva differed much from the mature form, the character of the
catly changed and degraded.  Again, not a few
avimals, after arriving at maturity, go on changing in character
during nearly their wholo lives. With mammals, for instance, the
form of tho skull is often much altered with age, of which Dr.
Murio has given somo striking instances with seals; every one
Jnows how the homs of stags become more and more branched,
and the plumes of somo birds become more finely developed, as
they grow older. Prof. Cope states that the tecth of certain lizards
change much in shape with advancing e with crustaceans not
only many trivial, but some important parts assume @ new
character, as recorded by Fritz Miiler, e maturity. Tn all such
cases,—and many could be siven,—if the age for reproduction were
vetarded, the character of the species, at least in its adult state,
would be modified; nor is it improbable that the previous and
catlier stages of development would in some cases bo hurried
through and finally lost.  Whether species have often or ever bet
modified through this comparatively sudden mode of transitio
can form no opinion; but if this has ocursed i s probablo that
tho differences between the young and the mature, and between
the mature and the old, were primordially acquired by graduated.
steps.
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Special Diicuities of the Theory of Natural Selection.

Although we must bo extremely cautious in concluding that any
organ could ot have been produced by successive, small, trane
sitional gradations, yet undoubledly serious cases of dificulty oceur,

One of the most serious s hat of neuter insects, which are often
differently constructed from either the males or fertle fomales ; bt
this case will bo treated of in the next chapter. The electric
organs of fishes offer another caso of special difficulty; for it is
impossible o conceivo by what steps these wondrous organs have
een produced. But this is not surprising, for we do not even
know of what use they are. In the Gymnotus and Torpedo they.
10 doubt serve as powerful means of defence, and_perhaps for
securing prey; yot in the Ray, as obscrved by Mattencel, en
analogous organ in the tail manifests but littlo eleotricity, even
when the animal is greatly irritated; so little, that it can
hardly bo of any uso for the above purposcs. Moreover, in tho
Ray, besides the organ just referred to, there is, as Dr. R. M-Donnell
has shown, another organ near the head, not known to bo electrical,
but which appears to be the real homologue of the electrio battery
in the Torpedo. It is generally admitted that thero exists between
theso organs and ordinary muscle a close analogy, in intimate
structure, in the distribution of the nerves, and in the manner in
which thiey aro acted on by various reagents. It should, also, b
especially observed that musular contraction is accompanied by an
electrical discharge ; and, as Dr. Radoliffe insists, “ n tho eloctrical
apparatus of the torpedo during rest, thero would. seem o bo 8
chargo in every respect like that which s met with in muscle and
nervo during rest, aud he discharge of the torpedo, instead of being
peculiar, may be only another form of the discharge which attends
‘upon the action of musole and motor nerve”  Beyond this we can-
Rt at prosent go in the way of explanation; but as we know s
littlo about tho uses of these organs, and as we know nothing about
the habits and structure of the progenitors of the existing electrc
fishes, it would e extremely bold o maintain that no serviceablo
transitions ate possible by which these organs might have been
gradually developed.

‘These organs appear at first to offor another and far more serious.
difficulty ; for they oceur in abont a dosen kinds of fish, of which
several are widely romote in their affinities. When the same organ
is fownd in several members of the samo class, especially if in
membors having very different habits of life, we may generally
attribute its presence to inheritance from a common ancestor; and
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its absence in some of the members to loss through disuse or
natural. selection. So that, if the clectrio organs bad been
inherited from some one ancient progenitor, we might have
expected that all eleotric fishes would have been specially related.
to each other ; but this is far from the case. Nor does geology at
all lead to tho belief that, most fishes formerly possessed clcetric
organs, which their modificd descendants have now lost. But
when we look at the subject more closely, we find in the soveral
fishes provided with electric organs, that these are situated in dif-
ferent parts of the body,—that they differ in construction, as in
the arrangement of the plates, and, according to Pacini, in the
process or means by which the electricity is excited—and lastly, in
being supplied with nerves proceeding from different sources, and.
this is perhaps the most important of all the differences.  Henco in
the several fishes furnished with electric organs, these cannot be
considered as homologous, but only as analogous in functio
sequently ther s no reason to suppose that they have been inhorited
from a common progenitar; for had this been the case they would
have closely 'h other in all respects. Thus the difficulty
of an organ, apparently the same, arising in several remotely allied
species, disappears, leaving only the lesser yet still great difficulty 5
namely, by what graduated steps these organs have been developed
in each separate group of fishes.

The luminous organs which ocour in a fow insects, belonging
to widely differont families, and which ave situated in different,
parts of the body, offer, under our present state of ignorance, o

y almost exactly parallel with that of the electric organs.
Other similar cases could be given; for instance in plants, the very
curious contrivance of a mass of pollen-grains, borne on a foot-stalk
with an adhesive gland, is apparently the same in Orchis and
Asclepias,—genera almost as remote asis possible amongst flowering
plants; but here again the parts are not homologous. In all cases
of beings, far removed from each other in the scale of organisation,
which are furnished with similar and peculiar organs, it will b
found that although the general appearance and function of the
organs may be the same, yet fundamental differences between them
can always be detected. For instance, the eyes of cephalopods
or cuttlp-ish and of vertebrate animals appear wonderfally alike ;
and in such widely sundered groups 1o part of this resemblance can
e due to inheritance from a common progenitor, Mr, Mivart has
advanced this caso as ono of special diffculty, bnt T am unable to
se the force of his argument.  An organ for vision must be formed
of transparent tissue, and must include some sort of lens for
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throwing an image at the back of a darkencd chamber. Beyond
this superficial resemblance, there is hardly any real similarit
between the eyes of cuttle-fish and vertebrates, as may be seen by
consulting Hensen's admirable memoir on these organs in the
Cephalopoda, 1t is impossible for me here to enter on details, bug
1 may specify a few of the points of difference. The crystalline lons
in the higher cuttle-fish consists of two parts, placed onc behind the
other like two lenses, both having a very different structure and
disposition to what ocours in the vertebrata. The retina is whally
different, with an actual inversion of the elemental parts, and-with
a large nervous ganglion included within the membranes of the
eye. 'The relations of the muscles are as different as it is pos-
sible to conceive, and o in other points. Hence it is not a little
diffcult to decide how fir even the same terms ought to be employed
in describing the eyes of the Cepbalopoda and Vertebrata, Tt i, of
course, open to any one to deny that the eye in cither ease could
ave been developed through the natural selection of successive,
slight variations; but if this ‘be admitted in the one case, it is
clearly possible in the other ; and fundamental differences of struc-
ture in the visual organs of two groups might have been antic
cipated, in accordanco with this view of their manner of formation.
As two men have sometimes independently bis on the samo
invention, so in. the several foregoing cases it appears that natural
selection, working for the good of cach being, and taking advan-
tage of all favourable variations, has produced similar organs, as
far as function is concorned, in distinct organic beings, which
owe none of their structure in common to inheritanco from a
common progenitor.

Fritz Miiller, in order to test the conclusions arrived at in this
volume, has followed out with much care a nearly similar line of
argument. Several families of crustaceans include a few species,
possessing an air-breathing apparatus and fitted to live out of the
water. In two of these families, which were more especially
examined by Miiller, and which are nearly related to each other,
the species agreo most closely in all important characters ; namely
in their sense-organs, circulating system, in the position of the
tufts of hair within their complex stomachs, and lastly in the
whole structure of the water-breathing branchiz, even to the
microscopical hookss by which they aro cleansed. Hence it might

n expected that in the fow species belonging to both
families which live on the land, the equally-importaut air-breathing
apparatus would have been the same; for why should this one
apparatus, given for the same purpose, have been made to differ,
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awhilst all the other important organs were closely similar or rather
identical.
Frita Miller argues that this close similarity in so many points
of structure must, in accordance with the views advanced by me,
e accounted for by inheritance from a common progenitor. But
as the vast majority of the species in the above two families, as
well as most other crustaceans, are_aquatic in their habits, it is
improbable in the highest degree, that their common progenitor
should have been adapted for breathing air. Miiller was thus led
carefully to examine the apparatus in the air-breathing species ;
and he found it to differ in each in several important points, as in
the position of the orifices, in the manner in which they are opened
and closed, and in some accessory details. Now such differences
are intelligible, and might even have been
sition that species belonging to distinet fami
adapted to live more and more out of water, and to breathe the
air. For these species, from belonging to distinct families, would
have differed to a certain extent, and in accordance with the
‘principle that the nature of each variation depends on two factors,
viz. the nature of the organism and that of the surrounding con-
itions, their variability assuredly would not have been exactly the
Consequently natural selection would have had different
materials or variations to work on, in order to arrive at the same
functional result; and the structures thus acquired would almost
accessarily have differed. On the hypothesis of separate acts of
<reation the whole case remains unintelligible, This line
argument seems to have had great weight in leading Fritz Miiller
accept the views maintained by me in this volume,

Another distinguished zoologist, the late Professor Clapardde, has
argued in tho same manner, and has arrived at the same result.
He shows that there are parasitic mites (Acarid), belonging to
distinct sub-families and families, which are furnished with hair-
claspers. These organs must have been independently developed,
as they could not have been inherited from a common progenitor ;
and in the several groups they are formed by the modification of
#he fore-logs,—of the hind-legs,—of the maxilla or lips,—and of
appendages on the under side of the hind part of the body.

In the foregoing cases, we see the same end gained and the same
function performed, in beings ot at all or only remotely allied, by
organs in appearance, though not in development, closely similar.
On the other hand, it is a common rule throughout nature that the
same end should be gained, even sometimes in the case of closely=
related beings, by the most diversified means, How differently
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constructed is the feathered wing of a bird and the membrane-
covered wing of a bat ; and still more o the four wings of  butter-
iy, the two wings of a fly, and the two wings with the clytra of o
Teetlo.  Bivalve shells are made to open and shut, but on what a
‘umber of patterns is the hinge constructed,—from.the long row of
neatly interlocking teeth in & Nucula to the simplo ligument of o
Mussel] Seeds are disseminated by their minuteness,—by their
capsulo being converted into a light Talloon-like envelope,—by
being embedded in pulp or flesh, formed. of the most divorse parts,
and rendared nutritious, as well as conspicuously coloured, 50 as fo
attract and bo devoured by birds,—by having hooks and grapnels
of many kinds and serrated awns, 50 as to adhere to the fur of

undrupeds,—and by being farnished with wings and plumes, as
different in shape as they are clogant in structure, 50 as to be wafted
by overy breeze, 1 will give one other instance; for this subject of
the same end being gained by the most diversified means well
deserves attention. Some authors maintain that organic beings
have been formed in many ways for the sake of mere varicty,
almost like toys in a shop, but such a view of nature is incredible.
With plants having separated sexes, and with thoso in which,
though the pollen does not fll o
the stigma, some aid is necessary for their fertilisation. With
several kinds this is cffected by the pollen-grains, which are light
and incoherent, 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
oceurs in many plants in which a symmetrical flower scoretes a fow
drops of ngetar, and is consequently visited by inseots ; and theso
carry the pollen from the anthers to the stigma.

From this simple stage we may pass through an inexhaustiblo
umber of contrivances, all for the samo purpose and effeoted in
essentially the same manner, but entailing changos in every part of
the flower.  The nectar may bo stored in variously shaped recep-
tacles, with the stamens and pistils modified in many ways, some-
tmes forming trap-like contrivances, and sometimes capable of
ueatly adapted movements through irritability o elasticity. From
such structures we may advance till we come to such a case of
extraordinary adaptation as that lately described by Dr. Criger in
the Coryanthes. This orchid has part of its labellum or lower lip
Tollowed out into a great bucket, into which drops of almost pure
water continually fall from two secreting horns which stand above
it; and when the bucket is half full, the water overflows by &
spout on one side. _The basal part, of the Inbellum stands over the
Ducket, and is itself hollowed out into a sort of chamber with t¥0
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lateral entrances ; within this chamber there aro curious fleshy
ridges. The most ingenious man, if ho had not witnessed what
takes place, could never have imagined what purpose all these parts
serve. But Dr. Criiger saw crowds of large humble-bees visiting
the gigantio flowers of this orchid, not in order to suck nectar, but
to gnaw off tho ridges within the chamber above the bucket; in
doing this they frequently pushed each. ofher into the bucket, and
their wings being thus wetted they could not fly away, but were
compelled to craw! out through the passage formed by the spout or
overflow. Dr. Criiger saw @ “continual procession” of bees thus
erawling out of their involuntary bath. The passage is narrow, and
s roofed over by the colum, 5o that a bee, in forcing its way out,
first rubs its back against the viscid stigma and then aguinst the
viscid glands of tho pollen-masses. The pollen-masses are thus
glued to tho back of the bee which first happens to crawl out
through the passago of a lately expanded flower, and are thus
carried away. Dr. Criger sent me a flower in spirits of wine, with
a bee which he had killed before it had quite crawled out with o
‘pollen-mass still fastened to its back. When the bee, thus provided,
fies 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
passage, the pollen-mass necessarily comes first into contact with
the viscid stigma, and adheres to it, and the flower is fertilised.
Now at last we see the full use of every part of the flower, of the
water-secreting horns, of the bucket half full of water, which
prevents the bees from flying away, and forces them to crawl out
through the spout, and rub against the properly placed viscid pollen-
‘masses and the viseid stigma.

The construction of the flower in another closcly allied orchid,
namely the Catasetum, is widely different, though serving the same
end; and is equally curious. Bees visit these flowers, like those of
the Caryanthes, in order to gnaw the labellum ; in doing this they
inovitably touch a long, tapering, sensitive projection, or, as I have
called it, the antenna. This antenna, when touched, transmits &
sensation ar vibration o a certain membrane which is instantly
Tuptured ; this sets free a spring by which the pollen-mass is shot
forth, like an arrow, in the right dircotion, and_adheres by its
visold extremity to the back of the bee. The pollen-mass of the
male plant (for the sexes are separate in this orchid) is thus carried
0 the flower of the fomale plant, where it is brought into contact
with the stigma, which s viscid enough to break certain elastic
threads, and retaining the pollen, fertilisation is effected.

How, it may be asked, in the foregoing and in innumerablo other
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instances, can we understand the graduated scalo of complexity and
the multifarions means for gaining the sume end. The answer no
doubt is, as already remarked, that when two forms vary, which
already differ from cach other in some slight degree, the variability
will not be of the same exact nature, and consequently the results
obtained through natural selection for the same general purpose will
ot be the same.  We should also bear in mind that every highly
developed organism has passed through many changes; and that
cach modified structure tends to be inherited, 5o that cach modi-
fication will mot readily bo quite lost, but may be again and again
further altered. Henco the structure of each part of cach spoc

for whatever purpose it may serve, is the sum of many inherited
‘changes, through which the species has passed during its sucocssive
adaptations to changed habits and conditions of life.

Finally then, although in many cases it is most difficult even to
conjecture by what transitions organs have arrived at their present
state; yet, considering how small the proportion of living and known
forms is to the extinct and unknown, I have been astonished how
rarely an organ can be named, towards which no transitional grade
is known to lead. It certainly is true, that mew organs appearing
as if created for some special purpose, rarely or never appear in any
being ;—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; or 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
real 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
gradusted sipe? Why sheckl not Nt faks & sudden lap
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 varia-
tions 3 she can never take a great and sudden leap, but must
advance by short and sure, though slow steps.

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

As nabural selection acts by life and death,—by the survival of
the fittest, and by the destruction of the less well-fitted indi-
viduals,— have sometimes felt great difficulty in understanding
the origin or formation of parts of little importance; almost as
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great, thongh of a very different kind, as in tho case of the most
perfect and complex organs. i g

Tn the first place, we are much {00 ignorant in regard to the
whole cconomy of any one organio being, t0 say what slight modifi-
cations would be of importance or not. In a former chapter I have
uiven instances of very 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 constitutional
differences or from determining the attacks of insects, might
assuredly bo acted on by natural selection. The tail of the giraffo
looks like an artificially constructed fly-flapper ; and it seems at
first incredible that this could have been adapted for its present
‘purpose by successive slight modifications, each better and better
fitted, for so trifling an object as to drive away flies; yet we should
pause before being too positive even in this case, for we know that
the distribution and existence of cattle and other animals in South
America absolutely depend on their power of resisting the attacks
of insects ¢ so that individuals which could by any micans defend
themselves from these small enemies, would be able to range into
new pastures and thus gain a great advantage. It is not that the
larger quadrupeds are actually destroyed (except in somo raro
cases) by flies, but they are incessantly harassed and their strength
reduced, so that they are more subjeet to discase, or not 5o welk
enabled in a coming dearth to search for food, or to escapo from
beasts of prey.

Organs now of trifiing importance have probably in some cases
been of high importance to an early progenitor, and, after having
been slowly perfected at a former period, have been transmitted to

isting species in nearly the same state, although now of very
slight use; but any actually injurious deviations in their structure
would of course have been checked by natural sclection. Seeing
how impartant an organ of locomotion the tail is in most aquatic

‘many land animals, which in their lungs or modified swimbladders
betray their aquatic origin, may perhaps be thus accounted for.
well-developed. tail having 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
in the case of the dog, though the aid in this lattar respoct must, bo
slight, for the hare, with hardly any tail, can double still more
quickly.

In the second place, we may easily arr in attributing importance
to chamcters, and in helieving that they have been developed
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through natural selection. We must by no means overlook the
effeots of the definito action of changed conditions of life,—of so-
called spontancous variations, which seem to depend in a quite
subordinate degree on the nature of the conditions,—of the ten-
dency to reversion to long-lost characters,—of the complex laws of
growth, such as of correlation, compensation, of the pressure of ono
part on another, &c.,—and finally of sexual selection, by which
characters of use to one sex aro often gained and then transmitted
more or less perfectly to the other sex, though of no use to this
sex. But structures thus indircotly gained, although at first of no
advantage 10 a specics, may subsequently have been taken advan-
tage of by its modified descendants, under new conditions of life
and newly acquired habits.

If green woodpeckers alone had existed, and we did ot know
that there were many black and pied kinds, T dare say that we
should have thought that the green colour was a beautiful adapta-
tion to conceal this tree-frequenting bird from its enemies; and
consequently that it was a character of importance, and had been
acquired through natural selection  as it i, the colour is probably
in chief part due to sexual selection. A trailing palm in the Malay
Archipelago climbs the loftiest trees by the aid of exquisitely con
structed hooks clustered around the ends of the branches, and this
contrivance, no doubt, is of the highest service to the plant ; but aswe
see nearly similar hooks on many trees which are not climbers, and
which, as there is reason to believe from the distribution of the thorn-
bearing species in Africa and South America, serve as a defenco
against browsing quadrupeds, so the spikes on the palm may ab
first have been developed.for this object, and subsequently have been
improved and taken advantage of by the plant, as it underwent
further modification and became a climber. The naked skin on the
head of a vulture is generally considered as a direot adaptation for
wallowing in putridity ; and so it may be, or it may possibly be
due to the direot action of putrid matter; but we should be very
cantious in drawing any such inference, when we see that he skin
on the head of the clean-feeding male Turkey is likewise naked.
The sutures in the skulls of young mammals have been advanced 5
a beautiful adaptation for aiding parturition, and no doubt they
fucilitate, or may be indispensable for this act; but as sutures
ocur in the skulls of young birds and reptiles, which have ouly to
escape from a broken ozg, we may infer that this structure has
arisen from the laws of growth, and has been taken advantago of in
the parturition of the higher animals,

We are profoundly ignorant of the cause of each slight variation
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or individual differenco; and we are immediately made consoious
of this by reflecting on the differences between tho breeds of our
Gomesticated animals in different countries,—more especially in tho
loss i countries where there has been but little methodical
sclection. Animals kept by savages in different countries often
have to struggle for their own subsistence, and are ex)

certain estent to natural selection, and. individuals with slightly
different constitutions would succeed best under different climates.
With cattle susceptibility to the attacks of flies is corelated 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
selection. Some observers ate convinced that a damp climate
affects the growth of the hair, and that with the hair the horns are
comrelated. 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 wonld probably be affected. The shape, also,
of the pelyis might affect by pressure the shape of certain parts of
the young in the womb. The laborious breathing necessary in
‘high'regions tends, as we have good reason to belicve, to increaso
the size of the chest; and again correlation wonld come into play.
The effects of lessened exercise together with abundant, food on tho
whole organisation is probably still more important; and this, as
H. von Nathusius has lately shown in his excellent Treatise, is
apparently one chief cause of the great modification which the
reeds of swine have undergone, But we are far too ignorant to specu-
lato on the relative importance of the several known and unknown
causes of variation; and I have made these remarks only to show
that, if we are unable to account for the characteristic differences
of our several domestic breeds, which nevertheless are generally
admitted to have arisen through ordinary generation from ono or a
few parent-stocks, we ought not to lay too much stress on our
ignorance of the precise cause of the slight analogous differences
between true species.

Utilitarian Doctrine, low far true : Beauty, how acquired.
The forezoing remarks lead me to eay a few words on the protest
Iately made by some naturalists, against the utilitarian doctrine
that every dotail of structure has been produced for the good of its
possessor. They Telieve that many structures have been created
for the sake of beauty, o delight man or the Creator (but this
latter point is beyond the scope of scientific discussion), or for the
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sake of mero variety, a view already discussed. Such doctrines, it
true, would be absolutely fatal to my theory. I fully admit tha
‘many structures are now of no direct uso to their possessors, and
‘may never have been of any use to their progenitors ; but this does
not prove that they were formed solely for beauty or variety. No
doubt the definite action of changed conditions, and the varions
causes of modifications, lately specified, have all produced an
effect, probably a great, eflect, independently of any advantage thus
gained. But a still more important consideration is that tho chicf
part of the organisation of every living creature is due to inberit-
ance; and consequently, though each being assuredly is well fitted
for its place in nature, many structures have now no very closs and
direct relation to present habits of life. Thus, we can handly
believe that the webbed fect of the upland goose or of the frigate-
bird are of special use to these birds; we cannot beliove 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 fiipper of the seal, aro of
special use to these animals. We may safely attribute theso
structures to inheritance. But wobbed feet no doubt were as
useful to the progenitor of the upland goose and of the frigate-bird,
as they now are to the most aquatic of living birds. So wo may
Telieve that the progenitor of the seal did not possess a flipper, but
o 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, were originally developed, on the
pnncxple of utility, probably through the_reduction of more

mmerous bones in the fin of some ancient fish-like progenitor of
the whole class. It is scarcely possible to decide how much
allowance ought to bo made for such causes of change, as the.
definite action of external conditions, so-called spontaneons varia=
tions, and the complex laws of growth ; but with these important
exceptions, we may concludo that the structure of every living.
creaturo cither now is, or was formerly, of some direct or in-
direct use to its possessor.

With respect to_the belief that organic beings have been created
Deantiful for the delight of man,—a belief which it has been Pro-
nounced is subversive of my whole theory,—I may first remark
ﬂm the sense of beauty obviously depends on the nature of the

mind, irrespective of any real quality in the admired object; and
that the idea of what is beautiful, s not innate or unalterable.
We sco this, for instance, in the men of different races admiring
entirely diffeent standard of beauty in their women. If bl
objects had been created solely for man's gratification, it ought to-
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en that before man appeared, thero was less beauty an the
R ek
tiful volute and cono shells of the Eocene epoch, and the gracefully
sculptured ammonites of the Secondary period, created that man
night ages afterwards admire them in his cabinet? Few objeots
e more beautiful than the minute siliceous casos of the diato-
macem: wero theso created that they might be examined and
admired under the higher powers of the microscope? Tho beauty
in this latter caso, and i many others, is apparently wholly duo
to symmetry of growth.  Flowers rank amongst the most beautiful
‘productions of nature; but they have been rendered conspicuons
in contrast with the green leaves, aud in consequence at the samo
time beautiful, 50 that they may be easily observed by insects. I
have come to this conclusion from finding it an invariable rule that
when a flower is fertilised by the wind it never has a gaily-coloured
corolla.Several plants habitually produce two kinds of flowers ;
une kind open and coloured so as to attract insects; the other
closed, not coloured, destitute of nectar, and never visited by inseots.
Hence wo may conclude that, if insects had not been developed on tho
faco of the earth, our plants would not have been decked with beau-
tiful flowers, but would have produced only such poor flowers as wo
sce on our fir, oak, nut and ash trees, on grasses, spinach, docks, and.
nettles, which are all fertiliscd through the agency of tho wind, A
similar lino of argument holds good with fruits ; that a ripe straw-
‘berry or cherry is as pleasing to the eye as to the palate,—that the
gaily-coloured fruit of the spindle-wood treo and the scarlet berties
of the holly are beautiful objects,—will be admitted by every one.
But this beouty serves mercly as a guide to birds and beasts, in
order tha the fruit may be devoured and the manured sceds dis-
seminated: Linfor that this is the case from having as yet found
10 exception to the rule that seeds are always thus disseminated
‘when embedded within a fruit of any kind (that is within a fleshy
or pulpy envelope), if it be coloured of any brilliant tint, or ren=
dered conspicuous by being white or black.

On the other band, I willingly admit that a great number of
male animals, as all our most gorgeous birds, some fishes, reptiles,
and mammals, and a host of magnificently coloured butterflis,
have been rendered beautiful for beauty's sake; but this has been
effected through sexual sclection, that is, by the more beautiful
pites having been continualy preferred by tho fomales, and not for
Jue deight of man. So it is with the musio of birds, Wo may

infer from Il! this that a nearly similar taste for beautiful colours
and for musical sounds uns through a large part of the animal
x
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Kinglom. When the female is as beautifully coloured. as the male,
Which is not rarcly the caso with birds and butterties, the cause
apparently lies in the colours acquired. through sexual soletion
baving been transmitted to both sexes, instead of to the males
alone, How the sense of beauty in its simplest form—that is, tho
reception of a peculiar kind of pleasure from. certain colours, forms,
and sounds—yas frst developed in the mind of man and of the lower
animals, is a very obscuro subject. The samo sort of dificulty is
prescnted, i we enquire how it is that certain flavours and. odours
give. pleasure, and. others displeasure. Habit in. all these casos
appears to have come to a certain extent into play ; but there must
bo some fundamental cause in the constitution of the nervous
system in each species.

Natural selection cannot. possibly produce any modification i
a species exclusively for the good of another species; though
throughout nature one species incessantly takes advantage of, and
profits by, the structures of others. But matural selection can
and does often produce structures for the direct injury of other
animals, as we seo in the fang of the adder, and in the ovipositor
of the ichneumon, by which its ezgs are deposited 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
o0 of anther species, it would annibilate my theory, for such
‘could not have been produced through natural selection. ~ Although
many statements may be found in works on natural history to this
effect, I cannot, find even one which seems to me of any weight.
Tt is admitted that the rattlesnake has a poison-fang for its own
defence, and for the destruction of its prey; but some authors
suppose that at th same timeit is furnished with a rattle for its own.
snjury, namely, to warn its prey. I would almost us soon believe
that the cat curls the end of its tail when preparing to spring, in
order to warn the doomed mouse. It is a much moro probable
view that the rattlesnake uses its rattle, the cobra expands its frill,
and the puffadder swells whilst hissing so loudly and harshly, in
order to alarm the many birds and beasts which aro known to
attack even the most venomous species. Snakes act on the samo
principle which makes the hen rufle her feathers and expand her
wings when a dog approaches her chickens; but T have not space
here to enlarge on the many ways by which animals endeavour to
frighten away their enemies,
Natural selection will never produce in a being any structu

more injurious than beneficial to that being, for naturai selection.
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2cts solely by and for the good of each. No organ will bo formed,
as Paley has remarked, for the purpose of causing pain or for doing
an injury to its possessor. If a fair balance bo struck between tho
o0 and evil caused by each party each wil be found on the whole
advantageous. After the lapse of time, under changing conditions
of lie, f any part comes to be injurious, it will be modified ; or if it
e not so, the being will become extinct as ‘myriads have become

extinet.

Natural seloction tends only to make each organic being as
perfect as, or slightly mor perfeck than, the other inhabitants of the
same country with which it comes into competition. ~And we see
that this is the standard of perfetion attained under nature. Tho
endemic. produotions of New Zealand, for instance, are perfect ono
compared with another; but they are now rapidly yielding beforo
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 Miller
10t to bo perfect even in that most perfect organ, the human cye.
Helmholtz, whose judgment no one will dispute, after describing
in the strongest terms the wonderful powers of the human eye,
adds these remarkable words : “That which we have discovered
in the way of inexactness and imperfection in the optical machine
and i the jmago on the retina, is as nothing in comparison with the
incongruities which we have just come across in the domain of the
sensations.One might say that naturo has taken delight in accu-
mulating contradietions in order to remove all foundation from the
theory of a pre-existing harmony between the external and internal
worlds” If our reason leads us to admire with enthusiasm a
imitable contrivances in nature, this same reason
tlls us, though we may easily err on both sides, that some other
contrivances aro less perfect. Can we consider the sting of the bee
as parfect, which, when used against many kinds of enemies,
“cannot be withdrawn, owing to the backward serratures, and thus
inevitably causes the death of the insect by tearing out its viscera ?

17 we look at the sting of the bee, as having existed in a remote
Trogenitor as a boring and serrated. instrument, like that in so many
members of the same great order, and that it has since been modi
died bt not perfeoted for its present, purpose, with the poison origi-
nally adapted for some other object, such as to produce galls, since
intensified, we can perhaps understand how it is that the use of the
sting should % often cause the insect’s own death: for if on
the whole the power of stinging be useful to the social community,

u2
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it will il all tho roqirementsof ntural sloction, hough it may
causo the death of some few members. If we admire the truly
wonderful power of scent by which the mles or many insects find
their females, can we admire tho production for this single purposo
of thousands of drones, which are utterly uscless to the community
for any other purpose, an aro ultimately slaughtered by
e st nd torlo sistes? 1t may be diffclt, but we
ought to admire the savage instinctive hatred of the queen- o
\hich urges her to destroy the young queens, her daughters, as

as they are born, or to perish herself in the combat;; for e
this is for the good of the community; and maternal lqve or ma-
ternal hatred, though the latter fortunately is most rare, is all tho
same to the inexorablo principle of natural selection. If we admire
the several ingenious contrivances, by which orchids and many other
plants are fertilised through insect agency, can we consider as.
cqually perfect the elaboration of dense clouds of pollen by our
fir-trees, so that a fow granules may be wafted by chance on to the
ovules ?

Summary: the Law of Unity o Type and of the Condiions of
Eaistence embraced by the Theory of Natural Select

Wo have in this chapter discussed somo of the dl!liculmx nd
objections which may be urged against the theory. Many of them
are serious; but I think that in the discussion light has been thrown
on scveral facts, which on tho beliof of independent acts of creation
are utterly obscure. We bave seen that species at any one period
are not indefinitely variable, and are not linked together by &
multitude of intermediate gradations, partly because tho process of
natural selection is always very slow, and at any one time acts only
on a few forms; and partly because the very process of natural
sclection implies the continual supplanting and extinction of pre-
ceding and intermediate gradations. Closely allied species, now
living on a continuous area, must often have been formed when the
area was ot continuous, and when the conditions of life did not
ibly graduate away from one part to auother. When two.
arioties are formed in two districts of a continuous area, an inter-
mediato variety will often be formed, fitted. for an infermediate

conneots; consequently the two latter, during the course of further
modification, from existing in greater numbers, will have a great
advantago over the less numerous intermediate variety, and will
thus generally sucoeed in supplanting and exterminating it.
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We have seen in this chapter how cautious we should be in con-
eluding that the most different habits of life could not graduate
into each other; that a bat, for instance, could not havo been
formed by natural seleotion from an animal which at first only
glided through the air. b g

We have seen that a species under new conditions of life may
change its habits; or it may have diversified habits, with some
very unlike those of its nearest congeners. Henco we can under-
stand, bearing in mind that each organic being is trying to live
wherever it can live, how it has arisen that there are upland geese
ith webbed feet, ground woodpeckers, diving thrushes, and. petrels
avith the habits of auks.

Although the belief that an orzan so perfect as the eye could
Dave been formed by matural selection, is enough to stagger any
one; yet in tho case of any organ, if we know of a long series of
gradations in_complexity, each good for its possessor, then, under
clhanging conditions of life, thero is 1o logical impossibility in the
acquirement of any conceivable degree of perfection through natural
slectic In the in which we know of no intermediate or
trausitional states, we should be extremely cautious in concluding
that none can have existed, for the metamorphoses of many organs
show what wonderful changes in function are at least possible. For
instance, o swimbladder has apparently boen converted into an air-
Dreathing lung. The same organ having performed simultaneously
very different funtions, and then having been in part or in wholo
specialised for one function ; and two distinct organs baving per-
formed at the same time the same function, the one having been
perfected whilst aided by the other, must often have largely facili-
tated transitions,

‘We have scen that in two beings widely remote from cach other
in the natural scale, organs serving for the same purpose and in
external appearance closely similar may have been separately and
independently formed ; but 'when such organs are closely examined,
essential differences in their structure can almostalways be detected
and this naturally follows from the principle of natural selection,
On the other haud, the common rule throughout naturo is infinite
diversity of structure for gaining the samo end; and this again
natarally follows from tho sume great principle,

N many cases we are far too ignorant to be enabled to assert that

. Dethor argan s o wnimpartant for tho welfaro of a species, that
;:M; buuenx inits structure could not have been stowly accumu-
¥ means of natural selection. - In many other cases, modifi-
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cations are probably the direct Tesult of the laws of variation or of
growth, md:‘;:ndanylly of any good having been thus gained. But
even such structures have often, as we may fecl assured, been
subsoquently taken advantage of, and still further modified, for tho-
good of species under new conditions of Life. W may, also, believe
that a part formerly of high importance has frequently been re-
tained (as the tail of an aquatic animal by its terrestrial descend=
ants), though it has become of such small importance that it could
not, in its present state, have been acquired by means of natural
selection.

Natural selection can produce nothing in one species for the
exclusive good o injury of another; though it may well produce:
parts, organs, and excretions highly useful or even indispensable, or
again highly injurious to another species, but in all cases at the
same time useful to the possessor, In each well-stocked country
uatural selection acts through tho competition of the inhabitants,.
and consequently leads to success in the battle for life, only in
accordance with the standard of that particular country. Henco
the inbabitants of one country, generally the smaller one, often
yicld to the inhabitants of another and gencrally the larger country.
Tor in the larger country there will have existed more individuals.
and moro diversified forms, and the competition will have been
soverer, and thus the standard of perfection will have been rendered
higher. Natural selection will not necessarily lead to absolute
perfection ; nor, as far as we can judge by our limited faculties, can
absolute perfection be everywhero predicated.

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 look to the present inhabitants
alone of the world, is ot strictly correct; but if we include all
those of past times, whether known or unknown, it must on this
theory be strietly true.

It is generally acknowledged that all organio beings have been
formed on two great laws—Unity of Type, and the Conditions of
Existence. By unity of type is meant that fundamental agreement
in structure which we se in organic beings of the samo class, and
which is quite independent of their habits of life. On my theory,
unity of type is explained by unity of descent. The expression of
conditions of existence, so often insisted on by the illustrious
Cuvier, is fully embraced by the principlo of natural selection. For
natural selection acts by either now adapting the varying parts of
cach being to its organic and inorganio conditions of ife; or by
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Having adapted them during past periods of time: the adaptations
being aided in many cases by tho increased uso or disuse of parts,
being affected by the direct action of tho external conditions of
life, and subjected in all cases to the several laws of growth and
variation. Hence, in fact, the law of the Conditions of Existence is
the higher law; a5 it includes, through the inheritance of former
variations and adaptations, that of Unity of Type.
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CHAPTER VIIL

MiscELLANEOUS OECTIONS T0 THE THEORY oF NaTURAYL
SELECTION.

Longevity — Modifications not necessarily simultancous — Modifications
P o development — Characters

class, developed from one and the same source—Reasons for disbeliev-
ing in great and abrupt modifications,

1 wit devote this chapter to the consideration of various mis-
cellancous objections which have been advanced against my views,
some of the previous discussions may thus be made clearer ; but
it would be useless to discuss all of them, as many have been made
Dy writers who have not taken the trouble to understand the
subject. Thus a distinguished German naturalist has asscrted that
the wealkest part of my theory is, that T consider all organic beings
as imperfect : what I have really said is, that all are not as perfect
as they might have been in relation to their conditions ; and this s
shown to be the case by so many native forms in many quarters of
the world having yielded their places to intruding foreigners. Nor
can organic beings, even if they were at any one time perfectly
adapted to their conditions of life, have remained so, when their
conditions changed, unless they themselves likewise changed; and
10 one will dispute that the physical conditions of each country, as
well as the numbers and kinds of its inhabitants, have undergone
many mutations.

A critic bas lately insisted, with some parade of mathematical
accuracy, that longevity is a great advantage to all species, o that
e who believes in natural sclection * must arrange his gencalogical
tree” in such & manner that all the descendants have longer lives
than their progenitors | Cannot our eritic conceive that a biennial
plant or one of the lower animals might range into a cold climate
and perish there every winter; and yet, owing to advantages
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gained through matural sclection, survive from year to year by
means of its sceds or ova? Mr. E. Ray Lankester has recently
discussed this subject, and he concludes, as far as its extreme com-
plesity allows him to form a judgment, that longovity is generally
related to the standard of each species in the scalo of organisation,
as well as to the amount of expenditure in reproduction and in
general activity. And these conditions have, it s probable, been
largely determined through natural selection.

It has been argued that, as none of the animals and plants of
Faypt, of which we know anything, have changed during tho last
thrce or four thousand years, so probably have none in any part
of the world, But, as Mr. G. H. Lewes has remarked, this line of
argument proves too much, for the ancient domestic races figured
on the Egyptian monuments, or embalmed, are closely similar or
cven identical with thoso now living; yet all naturalists admit that
such races have been produced through the modification of their
original types. The many animals which have remained unchanged
since the commencement of the glacial period, would have been an
incomparably stronger case, for these have been exposed to great
changes of climate and have migrated over great distances; whereas,
in Egypt, during the last several thousand years, the conditions of
life, as far as we know, have remained absolutely uniform. The
fact of little or no modification having been effected since tho
glacial period would have been of some avail against those who
Delieve in an innate and necessary law of development, but is
powerless against the doctrine of natural selection or the survi
of the fittest, which implies that when variations or individual
differences of a beneficial nature happen to arise, these will be
preserved; but this will be effeoted auly under certain favourable
circumstances,

‘The celebrated palontologist, Bronn, at the close of his German
trauslation of this twork, asks, how, on the principle of natural
selection, can a variety live sido by side with the parent-species?
1£ both have become fitted for slightly different habits of lifo or
conditions, they might live together; and if we lay on ono side
polymoryhic species, in which the variability scems to bo of &
peculiar nature, and. all mere temporary variations, such as size,
albinism, &, the mere permaneat varictis aro gencrally found, as

fr a3 1 can discover, inkabiting distinct stations,—such as high
1and o low land, dry ur molst districts. Morcover, in the caso of
animals which wander much about and cross freely, their varieties
seem to be generally confined to distinet regions,

Dronn also insists that distinct species never differ from each other
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iin single characters, but in many parts; and ho asks, how it always
comes that many parts of the organisation should have been modi-
fied ab the same time through variation and natural selection?
But there is no necessity for supposing that all the parts of any
being have been simultaneously modified. The most striking
‘modifications, excellently adapted for some purpose, might, as was
formerly remarked, be acquired by successive variations, if slight,
first in ono part and then in another; and as they would be trans-
mitted all together, they would appear to us as if they had been
simultancously developed. The best answer, however, to the above
objection is afforded by those domestic races which have been
‘modified, chiefly through man’s power of selection, for some special
purpose. Look at the tace and dray horse, or at the greyhound
and mastiff. Their whole frames and even their mental characteristics
have been modifiod ; but if we could trace each step in the bistory
of their transformation,—and the latter steps can be traced,—wve
should not see great and simultaneous changes, but first'one part.
and then another slightly modified and improved. Even when
selection has been applied by man to some one character alone,
—of which our cultivated plants offer the best instances,—it will
invariably be found that although this one part, whether it be the
flower, fruit, or leaves, has been greatly changed, almost all the
other parts have been slightly modified. ‘This may be attributed
‘partly to the principle of correlated growth, and partly to so-called
spontancons variation.

A much more serious objection has been urged by Bronn, and
recently by Broca, namely, that many characters appear to be of 10,
service whatever {o their possessors, and therefore cannot have been
influenced through natural selection. Bronn adduces the length of
the ears and tails in the different species of hares and mice,—the
complex folds of enamel in the teeth of many animals, and &
multitude of analogous cases. With respect to plants, this subject
has been discussed by Niigeli in an admirable essay. He admits that
natural selection has effected much, but he insists that the families
of plants differ chiefly from each other in morphological characters,
which appear to be quite unimportant for tho welfare of the species.
He consequently believes in an innate tendency towards progressive
and more perfect development. ~He specifies the arrangement of the
cells in the tissues, and of the leaves on the axis, as cases in which
natural selection could not have acted. To these may be added
the numerical divisions in the parts of tho flower, the position
of the ovules, the shape of the seed, when not of any use for dis~
semination, &e.
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There is much force in the above objection. Nevertheless, we
onght, in the first place, to be extremely cautious in pretending
to decide what structures now are, or have formerly been, of uso to.
each species. In tho sccond place, it should always be borme in
‘mind that when one part is modified, so will be other parts, through
certain dimly seen causes, such as an increased or diminished flow
of nutriment to & part, mutual pressure, an carly developed part
affecting one subsequently developed, and so forth,—as well as
through other causes which lead to the many mysterious cases
of coreelation, which we do not in the least understand. These
agencies may bo all grouped fogether, for the sake of brevity, under
the expression of the laws of growth. In the third place, we have
1o allow for the direct and definite action of changed conditions of
life, and for so-called spontancous variations, in which the nature
of the conditions apparentlg plays a quite subordinate part. Bud~
variations, such as the appearance of & MOsS-rose on 4 commo
1056, or of a nectarine on & peach-tree, offer good instances of spon-
tancous variations ; but even in these cases, if we bear in mind the
power of & minute drop of poison in producing complex galls, we
ought not to feel too sure that; tho above variations aro ot the
effect of some local change in the nature of the sap, due to some
change in the conditions., There must be somo efficient cause for
each slight individual difference, as well as for more strongly
marked variations which occasionally arise; and if the unknown
cause were to act persistently, it is almost certain that all the
individuals of the species would be similarly modified.

In the earlier editions of this work I under-rated, as it now seems
probable, the frequency and importance of modifications due to
spontancous variability. But it is impossible to attribute to this
causo the innumerable structures which are so well adapted to the
habits of life of each species. I can no more believe in this, thar
that the well-wapted form of a raco-horse or greyhound, which
‘before the principle of scletion by man was well understood, excited
£ much surprise in the minds of the older naturalists, can thus be
explained.

1t may beworth while to illustrate some of the foregoing remarks.
With respect to the assumed inutility of various parts and organs,
it is hardly necessary to observe that even in the higher and best-
known animals many structures exist, which are so higbly developed
that 1o one doubts that they are of importance, yet their use has
mot been, or has anly recently been, ascertained. ~ As Bronn gives
the length of the ears and tail in the several specics of mice as.
instances, though trifling ones, of differences in structure which can.
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be of no special use, T may mention that, according to Dr. Schib,
tho external cars of the common mouss are supplied in an extrar
ordinary manner with nerves, s that they no doubt serve as tactilo
organs ; hence tho longth of the cars can hardly bo quito unim
portant. W shall, also, presently seo that the tail is a highly
useful prehensile organ to some of the species; and its uso would
‘e much influenced by its length. fi

With respect to plants, to which on account of Niizelis essay
T shall confine myself in the following remarks, it will be admitted
that the flowers of orchids preseut a multitude of curious structures,
which a fow years ago would have been considered as mere morpho-
logical differences without any special function; but they are now.
Jnown to bo of tho highest importanco for the fertilisation of the
species through. the aid of insects, and have probably been gained
through natural sclection. No one until lately would have imagined
that in dimorphic and trimorphic plants the different lengths of the
stamens and pistils, and their arrangement, could have been of any
service, but now w know this to be the case.

In certain whole groups of plants the ovules stand ercot, aod in
others they are suspended ; and within the same ovarium of some
fow plants, one ovule holds the former and a sccond ovle the latter
posicion. These positions scem at first purely morphological, or
of no physiological signification ; but Dr. Hooker informs me that
within the same ovarium, the upper ovules alone in somo cases,
and in other cases the lower ones alone are fertilised ; and he
suggests that this probably depends on the direction in which the
pollen-tubes enter the ovarium. If o, the position of the ovules,
even when one is erect and the other suspended within the sume
ovarium, would follow from the seleotion of any slight deviatlons in
position which favoured their fertilisation, and the production of seed.

Several plants belonging to distinct, orders habitually producs
flowers of two kinds,—the ane open of the ordinary structure, the
other closed and imperfect. ‘These tuwo kinds of flowers sometimes
differ wonderfully in structure, yet may be scen to graduate into
each other on the same plant, The ordinary and open flowers can
b intercrossed ; and.the benefts which cortainly aro derived from
this process are thus secured. - Tho closed and imperfect flowers are,
Towever, manifestly of high importance, as they yield with the
utmost safety a large stock of seed, with tho expenditure of sondet-
fally littlo pollen. "The two kinds of flowers often differ much, 38
Just stated, in structure. - The petals in the imperfect, flowers almost
always consist of mere rudiments, and the pollen-grains are reduced
in diameter, - In Ononis column five of the alternate starens are
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rodimentary ; and in some  species of Viola threo stamens are in
this state, two retaining their proper function, but being of very
small size. In six out of thirty of the closed flowers in an Indian
iolet (name unknown, for the plants bave nover produced with me
perfect, flowers), the sepals aro reduced from the normal number
of five to three. In one section of the Malpighiacem tho closed
flowers, according to A. de Jussien, are still further modified, for
the five stamens which stand opposite to the sepals are all aborted,
a sixth stamen standing opposite to a petal being alone developed ;
and this stamen is ot present in the ordinary flowers of these
species; the stylo is aborted ; and the ovaria are reduced from threo
o two. Now although natural selection may well have had the
powwer to prevent some of the flowers from expanding, and to reduce.
the amount of pollen, when rendered by the closure of the flowers
superfiuous, yet. hardly avy of the above special modifications can
have been thus determined, but must have followed from the laws of
growth, including the functional inactivity of parts, during the pro-
gress of the reduction of the pollen and tho closure of the flowers.

Tt is so necessary to appreciate the important effects of the laws
of growth, that I'will give some additional cases of another kind,
namely of differences in the same part or organ, due to differences
in relative position on the same plant. In the Spanish chestnut,
and in certain fir-trees, the angles of divergenc of the leaves differ,
acoording to Schacht, in the nearly horizontal and in the upright
branches. In the common rue and some other plants, one flower,
usually the central or terminal one, opens first, and has five sepals
and petals, and five divisions to tho ovarium; whilst all the other
flowers on tho plant are tetramerous. In the British Adoxa the
uppermost. flower generally has two calyx-lobes with the other
organs tetramerous, whilst the surrounding flowers generally have
threo calyx-lobes with tho other organs pentamerous. In mav
Composita and Umbellifera (and in some other plants) the circum-
ferential flowers have their corollas much more developed than thoso
of the centre ; and this seems often connected with the abortion of the
Teproductive organs. It is a more curious fact, previously referred
to, that the achenes or seeds of the ciroumference and centro
sometimes differ greatly in form, colour, and other characters. In
Corthamus aud some other Compasite the central achenes alono
:;;e::":;esh‘::h;ﬂpppn 5 and in Hyoseris the same head yields
b i:\;:ﬂ;;;)::‘:l. 1o cetain Umbelifers th ex-
s ml%pmww'dm ng to Tausch, ars orthospermous, and the central
e Comgeperos and his i  haracter which was considered by

o be in other species of the highest systematic im-
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yortance, Prof. Braun mentions a Fumariaceous genu, in which

the flowers in the lower part of tho spike bear oval, ribbed, one-

eded nutlets ; and in the upper part of the spiko, lanceolate, two-

valved, and two-sceded siliques. In these several cases, with the
exception of that of the wall developed ray-florets, which are of service

in making the flowers conspicuous to inscots, natural selection can-

not, as far as we can judge, have come into play, or only in a quite ‘
subordinate manner. All these modifications follow from the relative
position and inter-action of the parts; and it can hardly bo doubted
that if all the flowers and lcaves on the same plant had been sub-
jected to the same external and internal condition, as are the flowers
‘nd leaves in certain positions, all would have been modified in the
same manner.

Tn numerous other cases we find modifications of structure, which
are considered by botanists to be generally of a highly import-
ant nature, affecting only some of the flowers on the same plant,
or occurring on distinet plants, which grow close together under the
same_conditions. s these variations seem of no special uso to
the plans, they cannot have been influenced by natural selection.
Of their cause we are quite ignorant; we cannot even attribute
them, as in the last class of cases, to any proximate agency, such
as relative position, I will give only a few instances. 1t is so
common to observe on the same plant, flowers indifferently tefra-
‘merous, pentamerous, &c., that I need not give examples; bub as
numerical variations are comparatively rare when the parts arc
few, T may mention that, according to De Candolle, the flowers of
Papaver bracteatum offer cither two sepals with four petals (which
is the common type with poppies), or three sepals with six petals.
The manner in which the petals are folded in the bud is in most
‘groups a very constant, morphological character; but Professor Ass
Gray states that with some speci i

nidew, to which latter tribe the genus belongs, Aug. St Hilaire
gives the following cases: the genus Zanthoxylon belongs to &
division of the Rutacew with a single ovary, but in some species
flowers may be found on the same plant, and even in the same
panicle, with cither_one or two ovaries. In Helianthemum the
capsule has been described as unilocular or 3-locular; and in
H. mutabile, “Une lame, plus ou moins large, Sétend entre lo
pericarpe et lo placenta.” Tn the flowers of Saponaria officinalis,
Dr. Masters has observed instances of both marginal and free central
placentation. Lastly, St. Hilaire found towards the southern ex-
treme of the range of Gomphia oleformis two forms which he did
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at first doubt were distinct specics, but he subsequently saw
e growing on the samo bush s and ho then adds, “ Voila done
dans un méme individu des loges et un style qui so rattachent
tant0t & un axe verticale ct tantdt & un gynobase.”

We thus see that with plants many morphological changes may
e attributed to the Laws of growth and the inter-action of parts,
independently of natural selection. But with respect to Niigeli’s
doctrine of an innate tendency towards perfection or progressive
development, can it be said in the case of theso strongly pro-
nounced variations, that the plants have been caught in the net of
progressing towards a higher state of development? On the con-
trary, I should infer from the mere fact of the parts in question
différing or varying greatly on tho sume plant, that such modi-
fications were of extremely small importance to the plants them-
selves, of whatever importance they may generally be to us for

said to raise an organism in the natural scale; and in the case
of the imperfect, closed flowers above described, if any new
ciple has to be invoked, it must bo one of retrogression rather than
of progression ; and so it must be with many parasitic and degraded
animals. We are ignorant of the exciting cause of the above
specified modifications ; but if the unknown cause wero to act
almost uniformly for a length of time, we may infer that tho result
‘would be almost uniforia; and in this case all the individuals of the
species would be modified in the same manner,

From the fact of the above characters being unimportant for the
elfare of the spacies, any slight variations which occurred in them
would not have been accumulated and augmented through natural
sclection. A structure which has been developed through long-
continued selection, when it ceases to be of service o a specics,
generally becomes variable, as we see with rudimentary organs ; for
it will 2o longer be regulated by this same power of selection.
But when, from the nature of the organism and of the conditions,

welfare of tho species, they may be, and apparently often have
been, transmitted in nearly the same state to numerous, otherwiso
modified, descendants. 1t cannot, have been of much importance
o the greater umber of mammals, birds, or reptiles, whether they
o clothed with hair, feathers, or scales ; yet hair bas been trans-
amitted to almost all. mammals, feathers to all birds, and scales to
all truo reptiles. A structure, whatever it may be, which is com-
foon to maay alled forms, s rauked by us as of high systematic

often assumed to be of high vital

a
importance, and consequenly s
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importance to the specics. Thus, as T am inclined to believe,
‘morphological differences, which wo consider as important—such as
the arrangement of the leaves, the divisions of the flower or of the
ovatium, the position of the ovules, &—first appeared in many
s as fluctuating variations, which sooner or later becamo con-
stant through tho nature of the organism and of the surrounding
conditions, as well as through the intercrossing of distinct indivi-
duals, but not through natural selection ; for as these morphologieat
charaters do not affect the welfare of the species, any slight devia-
tions in them could not have been governed or accumulated through
this latter agency. It is a strange result which wo thus arrive af,
namely that characters of slight vital importance to the species,
are the most important to the systematist ; but, as we shall here-
after seo when we treat of the genetio principle of classification,
this is by no means so paradoxical as it may at first appear.

Although we have no good evidence of the existence in organic
beings of an innate tendency towards progressive development, yet.
this necessarily follows, as T have attempted to show in the fourth
chapter, through the continued action of natural selection. For the
best definition which has ever been given of a high standard of
organisation, is the degreo to which the parts have been specialised:
or differentiated ; and natural selection tends towards this ond, inas-
much as the parts are thus enabled to perform their functions more
efficiently.

A distinguished zoologist, Mr. St. George Mivart, has recently
collected all the objections which have ever been advanced by
myself and others against the theory of natural selection, s pro-
pounded by Mr. Wallace and myself, and has illustrated them with
admirable art and force. When thus marshalled, they make &
formidable array ; and as it forms no part of Mr. Mivart's plan to
give tho various facts and considerations opposed to his conclusions,
0 slight effort of reason and memory is left to the reader, who may
wish to weigh the evidence en both sides. When discussing special
cases, Mr. Mivart passes over the effects of the increased use and
disuse of parts, which I have always maintained to be highly im=
portant, and have treated in my ¢ Variation under Domestication”
at greater length than, as 1 believe, any other writer, He likewise
often assumes that I attribute nothing to variation, independently
of natural selection, whereas in the work just referred to I have
collected a greater number of woll-cstablished cases than can bo
found in any other work known to me. My judgment may not be
trustworthy, but after reading with care Mr. Mivart's book, and
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smparing each section with what T have said on the sumo head,
Fnever before flt,so strongly convinced of the general truth of the
conclusions here arrived at, subject, of course, in so intricate a
sabject, to much partial error. e

A1l M. Mivart’s objectons wil be, or have been, considered in
the present volume. The one new point which appears to have
struck many readers is, * that natural selection is incompetent to
account for the incipient stages of useful structures.” This subject
s intimately connected with that of tho gradation of characters,
often accompanied by  chango of function,—for instance, the con-
Version of a swim-bladder into Jungs,—points which were iscussed.
in the last chapter under two headings, Nevertheless, I will here
consider in some detail several of the cases advanced by Mr. Mivart,
selecting those which are the most illustrative, as want of space
provents me from considering all.

“The giraffe, by its lofty stature, much elongated neck, forc-legs,
head and tongue, has its whole frame beautifully adapted for
browsing on the higher branches of trees. Tt can thus obtain food
beyond the reach of the other Ungulata or hoofed animals inhabiting
the same country ; and. this must be & great advantage to it during
dearths. The Niata cattle in §. America show us how small a
difference in strocture may make, during such periods, a great diffor-
ence in preserving an animals life, These cattlo can browse as well
as ofhers on grass, but from the projection of the lower jaw they
cannot, during the often recurent droughts, browse on the twigs

I trees, roeds, &, to which food the common cattlo and horses
are then driven ; so that at these times tho Niatas perish, if not fed ¢
by their owners. Before coming to Mr. Mivart's objections, it may
be well to exphin once again how natural selection will act in all
ondinary cases. Man has modified some of his animals, without
necessarily having attended to special points of structure, by simply
yreserving and breeding from. the flectest individuals, as with the
mce-horse and greyhound, or as with the gume-cock, by breeding
from the victorions birds. 80 under nature with the nascent girafle,
the individuals which were the highest browsers and were able
during dearths to reach even an inch or two above the others, will
often have heen preserved; for they will have roamed over the
whole country in search of food. That the individuals of the same
species cen differ slightly in the relative lengths of all their parts
may b seen in many works of natural history, in which careful
Tacesuments aro given. Theso slight proportional diffeences, duo
e & rowth and varation, are notof th slightest uso or

species. But it will have been otherwiso with
x
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tho nascent giraffe, considering its probable habits of life ; for thoso.
individuals which had some one part or several parts of their bodies.

rather more clongated than usual, would generally have survived,

These will have intercrossed and left offspring, either inheriting the:

samo bodily peculiaritics, or with a tendency to vary again in the

same manner ; whilst the individuals, less favoured in the samo

respeots, will have been the most liable to perish.

We here see that there is no need to separate single pairs, as man.
does, when he methodically improves a breed : natural selection will
prescrve and thus separate all the superior individuals, allowing
them freely to intercross, and will destroy all the inferior indivie
duals, By this process long-continued, which exactly corresponds-
with what I have called unconscious selection by man, combined no-
doubt in a most important manner with the inherited effects of the
increased use of parts, it seems to me almost certain that an ordinary,
hoofed quadruped might be converted into a girafle.

To this conclusion Mr. Mivart brings forward two cbjections.
One is that the increased size of the body would cbviously require
an increased supply of food, and he considers it asvery problemati-
cal whethes the disadvantages thence arising would not, in times of
scarcity, more than counterbalance the advantages.” But as tho:
giraffo does actually exist in large numbers in S. Africa, and as-
some of the largest antelopes in the world, taller than an ox, abound
there, why should we doubt that, as far as size is concerned, inter~
mediate gradations could formerly have existed there, subjected as.
now to sovere dearths, Assuredly the being able to reach, at ech
stage of increased size, to a supply of food, left untouched by the
other hoofed quadrupeds of the country, would have been of some
advantage o the nascent giraffe. Nor must we overlook the fact,
that increased bulk would act as a protection against almost all
easts of prey excepting the lion ; and against this animal, its tall
neck,—and the taller the better,—would, as Mr. Chauncey Wright
has remarked, serve as a watch-tower, - It is from this cause, 8s Sir'
8. Buker remarks, that no animal is more difficult to stalk than the
giraffe. This animal also uses its long neck as a means of offence.
or defence, by violently swinging its head armed with stump-liko~
horns.  The preservation of each species can rarely be determined.
Dy any oné advantage, but by the union of all, great and small.

Mr. Mivart thien asks (and this is his second objection), if natural
sclection be 50’ potent, and if high browsing be so great an advan-
tage, why has not any other hoofed quadruped acquired a long neck
and lofty stature, besides tho giraffe, and, in a lesser degree, the:
camel, guanaco, and macrauchenia? O, again, why has not any
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member of the group acquired a long proboseis?  With respect to
S. Africa, which was formerly inhabited by numerous herds of the
giraffe, the answer is not difficul can best be given by an
illustration. In every meadow in England in which trees grow,
we see the lower branches trimmed o planed to an exact level by
the browsing of the horses or cattle; and what advantage would it
e, for instance, to sheep, if kept there, to acquire slightly longer
mecks? In every district some ono kind of animal will almost
certainly be able to browse higher than the others; and it is almost
equally certain that this one kind alone could have its neck
elongated for this purpose, through natural selection and the effcots
of increased use. In S. Africa the competition for browsing on the
higher branches of the acacias and other trees must be botween
giraffe and giraffe, and not with the other ungulate animals.

Why, in other quarters of the world, various animals belonging
to this same order have ot acquired cither an elongated neck
or a proboscis, cannot be distinctly answered ; but it is as un-
Teasonable to expect a distinct answer to such a question, as
why some event in the history of mankind did not occur in one
country, whilst it did in another. We are ignorant with respect to
the conditions which determine the numbers and range of each
species; and we cannot even conjecture what changes of structure
would e favourable to its increase in some new country. We can,
Towever, sce in a general manner that various causes might have
interfered with the development of o long neck or proboscis. To
reach the foliage at a considerable height (without climbing, for
‘which hoofed animals are singularly ill-constructed) implies greatly
increased bulk of body; and we know that some areas support
singularly fow lango quadrupeds, for instance S. America, though it
s so luxuriant; whilst §. Africa abounds with them to an un-
paralleled degree. Why this should bo so, we do not know; nor
why the later tertiary periods should have been much more favour-
ablo for their existence than the present time. Whatever the
causes may have been, wo can sce that certain districts ‘and times
‘would have been much more favourable than others for the develop-
ment of 50 large a quadruped as the giraffo.

In order that an animal should acquire some structuro specially
and laxgely developed, it is almost indispensablo that several other
Darts should be modified and co-adapted. ~ Although every part of
the body variesalightly, it does not follow that the necessary parts
should always vary in the right direotion and to the right degree.
With the different, species of our domesticated. animals wo kaow
that the parts vary in a different manner and degree; and that

x2
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somo species are much more variable than others. Even if the
ftting variations did arise, it does not follow that natural selection
would be ablo to act on them, and produce a structure which ap-
parently would be beneficial to the species. For instance, if the
number of individuals existing in a country is determined chiofly
through destruction by beasts of prey,—by external or intemal
parasites, &c,—s scems often to be the case, then natural selection
will be ablo to do little, or will be greatly retarded, in modifying
any particular structure for obtaining food. Lastly, natural selec-
tion is a slow process, and the samo favourable conditions must
long endure in order that any marked effect should thus be pro-
duced. Excopt by assigning such general and vague reasons, we
cannot explain why, in many quarters of the world, hoofed quadru-
peds have not acquired much elongated necks or other means for
browsing on the higher branches of trees.

Objections of th foregoing have been advanced
by many writers. In each case various causes, besides the general
ones just indicated, have probably interfered with the acquisition
through natural selection of structures, which it is thought would bo
‘beneficial to certain species. One writer asks, why has not the
ostrich acquired the power of flight? But a moments reflection
‘will show what an enormous supply of food would be necessary to
give to this bird of the desert forco to move its huge body through
the air. Oceanio islands are inhabited by bats and seals, but by 10
terrestrial mammals yet as some of these bats are peculiar species,
they must have long inhabited their presont homes, Therefore
Sir C. Lyell asks, and assigns certain reasons in answer, why have
not seals and bats given birth on such islands to forms fitted to
live on the land ? But seals would necessarily be first converted
into terrestrial carnivorous animals of considerable size, and bats into
terrestrial insectivorous animals; for the former there would be
no prey; for the bats ground-insects would serve as food, but
theso would already be largely preyed on by tho reptiles or birds,
which first colonise and abound on most oceanic islands. Gradations
of structure, with cach stage beneficial to & changing species, will
bo favoured only under certain peouliar conditions, A strictly
terrestrial animal, by occasionally hunting for food in shallow
water, then in streams or lakes, might at last be converted into an
animal go thoroughly aquatic as to brave the open ocean, But seals
would not find on oceanic islands the conditions favourable to their
gradual reconversion into a terrestrial form, Bats, as formerly
shown, probably acquired their wings by at first gliding through
the air from tree to tree, like the so-called flying.squirrels,
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for the sake of cscaping from their enomics, or for avoiding falls ;
but when the power of true flight had once been acquired, it would
iever bo reconvertod back, at least for the above purposes, into_ tho
less efficient power of gliding through the air. Bats might, indeed,
like many birds, have had their wings greatly reduced in. size, or
completely lost, through disuse; but in this caso it would bo
‘necessary that they should first havo acquired the power of running
quickly on the ground, by the aid of their hind legs alone, s0 as to
‘with birds or other ground animals; and for such a change
abat seems singularly ill-fitted. These conjectural remarks havo
‘been made merely to show that a transition of structure, with each
step Leneficial, i  highly complex afir; and that thero is nothing
strango in a transition not having occurred in any particular case.
Lastly, more than one writer has asked, why have somo animals
had their mental powers more highly developed than others, as such.
development would be advantageous to all? Why have not apes
acquired the intellectual powers of man? Various causes could be
assigned ; but as they are conjectural, and their relative probability
cannot be weighed, it would be uscless to give them. A definite
answer to the latter question ought not to be expected, scoing that
10 one can solve the simpler problem why, of two races of savages,
one has risen higher in the scale of civilisation than the other; and
this apparently implies increased brain-power.

We will return to Mr. Mivarts other objections. ~Tnscets often
resemble for the sake of protection various objects, such as green or
decayed leaves, dead twigs, bits of lichen, flowers, spines, excrement
of virds, and living insects ; but to this atter point I shall here-
after recur. The resemblance is often wonderfully close, and s nos
confined to colour, but extends to form, and even' to the manner in
which the insects hold themselves. 'The caterpillars which project
motionless liko dead twigs from the bushes on which they feed,

fer an excellent instanco of o resemblauce of this kind. Tho
‘cases of the imitation of such objects as tho excrement of birds, are
mare and exceptional. On this head, Mr. Mivart remarks, « As,
according to Mr. Darwin's theory, there is a constant, tenden
indefinite variation, and as the minute incipient variations will be
in all directions, they must tend to nentralize each other, and at
first to form such unstable modificat

‘beginnings can ever build up & sufficiently appreciable resemblance
0 a loaf, bamboo, or other. abjeet, for Natural Sclection to seize
upon and perpetuate.’
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But in all the foregoing cases the insccts in their original stato
1o doubt, presented some rude and accidental resemblanco to an
object commonly found in the stations frequented by them. Nor
s this at all improbable, considering the almost infinite number of
surrounding objects and the diversity in form and colour of the
hosts of insacts which exist. As some rude resemblance is necos-
sary for the first start, wo can understand how it is that the larger
and higher animals do not (with the exception, as far as T know, of
ono fish) resemble for the sake of proteotion special abjects, but
only the surface which commonly surrounds them, and this ohiefly
in colour. Assuming that an insect originally happened to resembe
in some degreo a dead twig or a decayed leaf, and that it varied
slightly in many way, then all the variations which rendered the
inseot at all more like any such object, and thus favoured its esca
would be preserved, whilst other variations would be neglected and
ultimately lost; or, if they rendered the inseot at all less like the
imitated object, they would be eliminated. Thero would indeed be
force in Mr. Mivart's objection, if we were to attempt to account
for the above resemblances, independently of natural seleotion,
through mere fuctuating variability ; but as the case stands thero
is none.

Nor can I see any force in Mr. Mivarts difficulty with respect to
“the last touches of perfection in the mimicry;” as in the case
given by Mr. Wallace, of a walking-stick insect (Ceroxylus
Inceratus), which resembles “a stick grown over by a creeping
moss or jungermannia.” So close was this resemblance, that &
native Dyak maintained that the foliaccons excrescerices were really
moss. Inscots are preyed on by birds and other encmies, whoss
sight is probably sharper than ours, and every grade in resemblance
which aided an insect to escape notico or detection, would tend
towards its preservation; and the more perfect the resemblance
‘much the better for the insect. Considering the natur of the differ-
ences between the species in the group which includes the above
Ceroxylus, there is vothing improbable in this insect having varied
in the irregularities on its surface, and in these having become more
o less green-coloured ; for in every group the characters which
differ in the several specics are the most apt to vary, whilst the
generic characters, or thoso common to all the specics, are the most

The Greenland whale is one of the most wonderful animals in the
world, and the baleen, or whale-bone, ono of its greatest pecu-
Harities. ~ The baleen consists of a row, on each side, of tho upper
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ifmy aflabous 300 plates ox laminey which siand o togethes
transversely to the longer axis of the mouth.  Within the main ro
there are some subsidiary rows: cemiies an inner marging
“ofal he plates are frayed o s bristls T which oo tha'witle
izantio palate, and serve to strain or sift the water, and thus to
secure the minute prey on which these great animals subsist. The.
middle and longest lamina in the Greenland whale is ten, twelve, or
even fifteen fect in length ; but, in the different species of Cotaceans
there are gradations in length; the middle lamina being in one
species, according to Scoresby, four feet, in another three, in
another cighteen inches, and in the Balenoptera rostrata. only about,
nine inches in length. The quality of the whale-bone also differs in
‘the different species.

‘With respect to tho baleen, Mr. Mivart remarks that if it “had
wonce attained such a size and development as to be at all useful,
then its presorvation and augmentation within serviceable limits
would be promoted by natural sclection alone. - But. how to obtain
the beginning of such useful development?” In answer, it may
JE Xl iy shiulc ke Sy progeilocs of 1o whale Wi

een have possessed a mouth constructed something like the
Ty et ksl iy R
the mud and water; and the family has n called
e it e
e ot i scesaly poseso moitin
“amellated like the beal of a duck. I wish only to show that this
3 not incredible, and that the immense plates of baleen in the
Greenland whale might have been developed from such lamellm by
finely graduated steps, cach of service to its possessor.

The beak of a shoveller-duck (Spatula clypeata) is & moro bean-
iful and complex structure than the mouth of a whale. Tho upper
‘mandible is furnished on each side (in the specimen exumined by
me) with a row or comb formed of 188 thin, clastic lmell,
obliquely bevelled 50 as to be pointed, and placed transversely to
the longer axis of the month. They arise from the palate, and are
attached by fiexible membrane to the sides of the mandible, Those
standing towards the middle are the longest, being about one-third
of an inch in length, and they project *14 of an inch beneath the
edge. At their bases there is o short subsidiary row of obliquely
transverse lamelle. In these several respects they resemble the
plates of baleen in the mouth of @ whale. But towards tho
extremity of the beak they differ much, as they project inwards,
instead of straight downwards. The entire head of the shoveller,
though incomparably less bulky, is about one-cighteenth of the
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length of the bead of a moderately large Dalznoptera rostrata, in
which species the baleen is only nine inches long ; o that if we
were to make the head of the shoveller as long as that of the
Balenopter, the lamells would bo six inches in length, —that is,
two-thirds of the length of the baleen in this species of whale. The
Tower mandible of the shoveller-duck is furnished with lamell of
equal length with those above, but finer; and in being thus fur-
nished it differs conspicuously from the lower jaw of a whale, which
is destitute of baleen. On the other hand, the extremities of theso
lower lamell are frayed. into fine bristly points, so that they thus
curiously resemble the plates of baleen. In the genus Prion, a
member of the distinct family of tho Petrels, the upper mandibla
alone is. furnished with lamelle, which are well developed and
project beneath the margin ; so that the beak of this bird resembles
in this respect the mouth of a whale,

From the highly developed structure of the shoveller's beak we
may proceed (as I have learnt from information and specimens seat
tome by Mr. Salvin), without any great break, as far as fitness for
sifting is conoerned, throush the beak of the Merganetta armata, ang
in some respects through that of the Aix sponsa, o the beak of the
common duck. In this latter species, the lamellz are much coarser
than in the shoveller, and are firmly attached to the sides of the
mandible; thoy are only about 50 in number on each side, and do not
project at all beneath the margin. They are square-topped, and aro
edged with translucent hardish tissue, as if for crushing food. The
edges of the lower mandible are crossed by numerous fine ridgos,
which project very little. ~ Although the beak is thus very inferior
as a sifter to that of the shoveller, yet, this bird, as every one knows,
constantly uses it for this purpose. There are other specics, as T
hear from Mr. Salvin, in which the lamella: are considerably less
doveloped than in the common duck;; but T do not know whether
they use their beaks for sifting the water.

"lurning to another group of the same family. In the Egyptian
goose (Chenalopex) the bealk closely resembles that of the common
duck; but the lamell aro not so numerous, nor so distinct from
cach other, nor do they project so much inwards yet this goost, a5
I am informed by Mr. E. Bartlett, “uses its bill like a duck by
throwing the water out at the corners.” 1Its chief food, however, is
grass, which it crops ko the common gooss. Tn this latter bird,

side, and terminating upwards in teeth-liko knobs. The palato is
also covered with hard rounded knobs. - The cdges of the lower

Darwin Online: By permission of the Trustees of the Natural History Museum
(London).



Gue NI Theory of Natural Selection. 185

‘mandible are serrated with teeth much more prominent, coarser,
and sharper than in tho duck. The common gooso does not sift tho
water, but uses its beak exclusively for tearing or cutting herbage,
for which purpose it is so well fitted, that it can crop grass closer
than almost any other animal. There are other species of geese, as
T hear from Mr. Bartlett, in which the lamella are less developed
than in the common goose.

We thus see that & member of the duck family, with a beak
constructed like that of the common goose and adapted solely for
‘grazing, or even a member with a beak having less well-developed
lamellw, might be converted by small changes into a species liko
the Egyptian goose,—this into one like the common duck,—and,
lastly, into one like the shoveller, provided with a beak almost
exclusively adapted for sifting the water ; for this bird could hardly
us any part of ts beak, except, the hooked tip, for scizing or tearing
solid food. The beak of a goose, as I may add, might also be con-
verted by small changes into one provided with prominent, recurved:
teeth, like those of the Merganser (a member of the sume family),
serving for the widely different purpose of seouring live fish.

Returning to the whales. The Hyperoodon bidens is destitute of
true teeth in an effiient condition, but its palate is roughened,
according to Lacepede, with small, unequal, hard points of horn.
“There is, thercfore, nothing improbable in’ supposing that some
carly Cetacean form was provided with similar points of hom on the
palate, but rather moro regularly placed, and which, like the knobs
on the bealk of the goose, aided it in seizing or tearing its food. 1f
50, it will hardly be denied that the points might have been con-
verted through variation and natural selection into lmella as well-
developed as those of the Iigyptian goose, in which case they would.
Tave been used both for seizing objeets and for sifting tho water ;
then into lamell Jike those of the domestic duck ; and so onwards,
until they became as well constructed as those of the shoveller, in
which case they would have served exclusively as a sifting appa-
Tatus. From this stage, in which the lamello would be two-thirds
of the length of the plates of baleen in the Balanoptera rostrata,
gradations, which may be observed in still-cxisting Cetaceans, lead
us onwards to the enormous plates of balcen in the Greenland
whale. Nor is thero the least rcason to doubt that each stop in
this scale might have been as serviceablo to certain ancient Ceta-
ceans, with the functions of the parts slowly changing during the
progress of development, as are the gradations in the beaks of
the different existing members of the duck-fumily. We should
Dear in mind that each species of duck is subjooted to @ severo
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struggle for existence, and that the structure of every part of its
frame must be well adapted to its conditions of life.

The Pleuronectidze, or Flat-fish, aro remarkable for their asyme
metrical bodics. They rest on ono side,—in the greater number of
species on the left, but in some on the right side; and oceasionally
reversed adult specimens occur. The lower, or resting-surface, re-
sembles at first sight the ventral surface of an ordinary fish.: it is of
a white colour, less developed in many ways than the upper side,
with the lateral fins often of smaller size. But the eyes offer the
most remarkable peculiarity ; for they are both placed on the upper
sido of the head, During early youth, howover, they stand oppo-
site to cach other, and the whole body is then symmetrical, with
Toth sides oqually coloured. Soon the eye proper to the lower side
begins to glide slowly round the head to the upper side; but does
ot pass right through the skull, as was formerly thought to be
tho case. It is obvious that unless the lower cye did thus travel
wound, it could not be used by the fish whilst lying in its habitual
position on ono side. 'The lower eye would, also, have been liablo
%o be abraded by the sandy bottom. That the Pleuronectida ars
admirably adapted by their flattened and asymmetrical structure
“or their habits of life, is manifest from several species, such as
soles, flounders, &, being extremely common. The chief ad-
vantages thus gained seem to be protection from their enemies,
and facility for feeding on the ground. The different members,
‘however, of the family present, as Schitdte remarks, “a long series
of forms exhibiting a gradual transition from Hippoglossus pinguis,
which does not in any considerable degree alter the shape in which
it leaves the ovum, to the soles, which are entirely thrown fo one
side”

Mr. Mivart has taken up this case, and remarks that a sudden
spontancous transformation in the position of the eyes is hardly
conceivable, in which I quite agree with him. He then adds : “if
the transit was gradual, then how such transit of one eye & minute
fraction of the journey towards the other side of the head could
benefit the individual is, indeed, far from clear. It seems, even,
that such an incipient transformation must rather have been inju-
rious” But he might have found an answer to this objection in
the excellent cbservations published in 1867 by Maim. The
Pleuroncctide, whilst very young and still symmetrical, with their
oyes standing on opposite sides of the head, cannot long retain
a vestical position, owing ta the excessive depth of their bodies, the
small size of their lateral fins, and to their being destitute of &
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swimbladder. Hence soon growing tired, they fall to the bottom
on one side. Whilst thus at rest they often twist, as Malm
observed, tho lower eye upwards, to see above them ; and they
do this o vigorously that the eye is pressed hard against the
upper part of the orbit. The forehead betwoen the cyes conse-
quently becomes, as could be plainly seen, temporarily contracted
in breadth. On one occasion Malm saw a young fish raise and
depress the lower cye through an angular distance of about sventy
legrees.

grees

We should remember that the skull at this early ago is cartila-
ginous and flexible, so that it readily yields to museular action.
Tt is also known with the higher animals, even after early youth,
that the skull yields and is altered in shape, if the skin or muscles
be permanently contracted through disease or some accident. With
long-eared rabbits, if one ear lops forwards and downwards, its
weight drags forward all the bones of the skull on the sume side, of
which I have given a figure. Malm states that the newly-hatched
young of perches, salmon, and several other symmetrical fishes,
Tave the habit of oceasionally resting on ono side at the bottom
and he has observed that they often then strain their lower eyes
50 as to look upwards; and their skulls are thus rendered rather
crooked. These fishes, however, are soon ablo to hold themselves
in a vertical position, and no permanent effect is thus produced.
With the Pleuronectida, on the other hand, the older they grow
the more habitually they rest on one side, owing to the increasing.
flatnes of their bodies, and a permanent effect is thus produced on
the form of the head, and on the position of the eyes. Judging
from analogy, the tendency to_distortion would no' doubt bo
increased. through the principle of inheritance. - Schiddte believes,
in opposition to’ some other naturalists, that the Pleuroncctida aro
not quite symmetrical even in the embryo; and if this be so, wo
could understand how it is that certain species, whilst young,
habitually fall over and rest on the left side, and other species on
the right side. Malm adds, in confirmation of the above view, that
the aduls Trachypterus arcticus, which is not a member of tho
Plowronectide, rests on its left side at the bottom, and swims
diagonally through the water ; and in this fish, the two sides of the
head are sid to be somewha, dissimilar. Our great authority on
Tishes, Dr. Giinther, concludes his abstract of Malm's paper, by
remarking that the author gives a very simple explanation of the
abnormal condition of the Pleuronectoids.”

We thus see that the first stages of the transit of the eye from
‘ane side of the head to the other, which Mr. Mivart considers would
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be injurious, may bo attributed to the habit, no doubt bene-
ficial to the individual and to tho species, of endeavouring to
look upwards with both eyes, whilst Testing on one side at the
bottom. We may also attribute to the inherited cffects of use
the fack of the moush in several kinds of flat-fish being ben
towards the lower surfuce, with the jaw bones stronger and more
effective on this, the eyeless side of the head, than on the other,
for the sake, as Dr. Traquair supposes, of feeding with ease on the
ground.  Disuse, on the other hand, will account for the less dove-
loped condition of the whole inferior half of the body, including the
lateral fins 3 though Yarrell thinks that the reduced size of thess
fins is advantageous to the fish, as “ there is 5o much less room for
their action, than with the larger fins above” Perhaps the lesser
‘number of teeth in the proportion of four to seven in the upper
halves of the two jaws of the plaice, to twenty-five to thirty in the
lower halves, may likewise be accounted for by disuse. From tho
colourless state of the ventral surface of most fishes and of many
other animals, we may reasonably suppose that the absence of
colour in flat-fish on the sido, whether it be the right or loft,
which is undermost, is due to the exclusion of light. But it can-
not be supposed that the peculiar speckled appearance of the upper
side of tho sole, 5o like the sundy bed of the sea, or the power in
some species, as recently shown by Pouchet, of changing their
colour in accordance with the surrounding surface, or the presence
of bony tubercles on the upper side of the turbot, are due to the
action of the light. Here natural selection has probably come into
play, as well as in adapting the general shape of the body of these
fishes, and many other peouliarities, to their habits of life. We
should keep in mind, as L have before insisted, that the inherited
effects of the increased use of parts, and perbaps of their disuse, will
be strengthened by natural selection. For all spontancous varia-
tions in the right direction will thus bo preserved ; as will those
individuals which inherit in the highest degree the effeots of the
increased and beneficial use of any part. How much to attribute in
each particular case to the effects of use, and how much to natural
selection, it scoms impossible to decide.

. Imay give another instance of a structure which apparently owes
its origin exclusively to use or habit. The extremity of the fail in
some American monkeys has been converted into a wonderfally
perfeot prehensile organ, and serves as o fifth hand. A reviewer
Wwho agrees with Mr. Mivart in every dotail, remarks on this struc-
ture: It is impossiblo to believe that in any number of agos the
first slight incipient tendency to grasp could preserve the lives of
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the individuals possessing it, or favour their chance of having and
of rearing offspring.”  But there is no necessity for any such belicf.
Habit, and this almost implies that somo benefit great or small is
¢hus derived, would in all probability suffice for the work, - Brehm
saw the young of an African monkey (Cercopithecus) clinging to
¢he under surface of their mother by their hands, and at the same
time they hooked their little tails round that of their mother.
Trofessor Henslow kept in confinement some harvest mice (Mus
‘messorius) which do ot possess a structurally prehensile tail; but
he frequently observed that they curled their fails round the
branches of a bush placed in the cage, and thus aided themselves
T have received an analogous account from Dr.
‘Thae seen a mouse thus suspend itself. If the harvest
mouse had been more strictly arboreal, it would perhaps have had
its tail rendered structurally prebensile, as is the case with some
‘members of the same order. . Why Cercopithecus, considering its
habits whilst young, has not. become thus provided, it would be
diffcult, to say. It is, however, possible that the long tail of this
monkey may be of more service to it as a balancing organ in
‘maling its prodigious leaps, than as a'prehensile orgau,

The mammary glands are common to the whole class of mam-
mals, and are indispensablo for their existences they must, thero-
fore, have been developed at an extremely remote period, and wo
can’ know nothing positively about their manter of development.
Mr. Mivart, asks : “Is it conceivable that the young of any animal
was ever saved from destruction by accidentally sucking a drop of
scarcely mutritions fluid from an accidentally hypertrophicd cuta-
neous gland of its mother? And even if one was so, what chanco
was thero of the perpetuation of such a variation ?” But the case
is not here put fairly. 1t is admitted by most evolutionists that
mammals are descended from o marsupial form; and if so, the
‘mammary glands will have been at first developed within the mar-
supial sack. In the case of the fish (Hippocampus) the eggs aro
hatched, and the young are reared for a time, within a sack of this
mature; and an American naturalist, Mr. Lockwood, believes from
what he has seen of the development of the young, that they are
nourished by a secretion from the cutancous glands of tho sack.
Now with the early progenitors of mammals, almost before they
deserved to be thus designated, is it ot at least possible that the
young might have been similarly nourished? - And in this case,
the individuals which secreted a fluid, in some degree or manner
the most nutritious, so as to partake of tho nature of. milk, would
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in the long run have reared a larger number of well-nourished off-
::;:nz than would the individuals which sccreted a poorer fuids
and this the cutancous glands, which are the homologues of the
memmary glands, would have been improved or rendered more
effective. 1t accords with the widely extended principle of speciali-
sation, that the glands over a certain space of the sack should have
‘Tecome more highly developed than the remainder; and they would
then have formed a breast, but at first without a nipple, a3 We seoin
the Ornithorhynous, at the baso of the mammalian serics. Through
what, agency-the glands over a certuin space became more highly
specialised than the others, I will not pretend to decide, whether
in part through compensation of growth, the cffects of use, or of
‘natural selection.

The development of the mammary glands would have been of no
service, and could not have been effected through natural sclcotion,
unless the young at the same time wero.able to partake of the
scoretion. There is Do greater difficulty in understanding how
young mammals have instinctively learnt to suck the breast, than
in understanding how unhatched chickens have learnt to break the
egz-shell by tapping against it with their specially adapted beaks ;
or how a few hours after leaving the shell they have learnt to pick
up grains of food. In such cases the most probable solution seems.
to-be, that the habit was at first acquired by practice ab & mors
advanced age, and afterwards transmitted to the offspring at an
enrlier age. But the young kangaroo is said not to suck, only to
cling to the nipple of its mother, who has the power of injecting
milk into the mouth of her helpless, half-formed offspring. On this
head Mr. Mivart remarks: “Did ‘mo special provision exist, the
young one must infallibly be choked by the intrusion of the milk
into the windpipe. But there és a special provision. The larynx
is 50 clongated that it rises up into the posterior end of the nasal
Passage, and is thus enabled to give free entrance to the air for the
lungs, while the milk passes harmlessly on each side of this olon=
gated larynx, and so safely attains the gullet behind it.” Mr. Mivart

(und in most other mammals, on the assumption that they are
descended from a marsupial form),  his at least, perfectly fnnocent
and harmless structure?” Tt may be suggested in answer that the.
‘aice, which is ertainly of high importance o many animals, could
hardly hiave beon used. with full force as long as the larynx eatered
the nasal passage ; and Professor Flower has suggosted o me that

this structure would have greatly interfored with an animal swallow-
ing solid
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We will now turn for a short space to the lower divisions of fhe
animal kingdom. The Echinodermata (star-fishes, sea-urchins, &c.).
are furnished with remarkable organs, called pedicellarie, which
cosist, when well developed, of a tridactyle forceps—that is, of ono-
formed of three serrated arms, neatly fitting together and placed on
the summit of a flexible stem, moved by muscles. These forceps
can seize firmly hold of any object; and Alexander Agassiz bas
scen an Echinus or sea-urchin rapidly passing particles of excrement
from forceps to forceps down cerlain lines of its body, in order that
its shell should not be fouled. Bt there is no doubt that besides
removing dirt of all kinds, they subserve other functions; and one
of these apparently is defence.

With respect to theso organs, Mr. Mivart, as on so many pre-
vious occasions, asks: “ What would be the utility of the first
rudimentary beginnings of such structures, and how could such
incipient buddings have ever preserved the life of  single Echinus ?”
He adds, “not even the sudden development of the suapping action
could have been beneficial without the frecly moveable stalk, nor
could the latter have been efficient without the suapping jaws, yet
10 minute merely indefinite variations could simultancously evolye
these complex co-ordinations of structure ; to deny this seems to do
50 less than to affirm a startling paradox.”  Paradoxical as this.
ovably fixed
at the base, but capable of a snapping action, certainly exist on
some star-fishes; and. this is intelligible if they serve, at least in
part, as a means of defence. Mr, Agassiz, to whoso great kindness.
T am indebted for much information on’the subject, informs mo
that there are other star-fishes, in which one of the threo arms of
the forceps is reduced o a support for the other two; and again,
other genera in which the third arm is completely lost. In Echino-
neas, the shell is described by M. Perrier as beating two kinds of
pedicellarim, one resembling those of Echinus, and the other those
of Spatangus; and such cases aro always interesting as affording
the means of apparently sudden transitions, through the abortion of
one of the two states of an organ,

With respect, to the steps by which these curious organs have
been evoled, Mr. Agassiz infers from his own researches and those
of Miller, that both in star-fishes and sea-urchins the pedicellaria
must undoubtedly be looked at as modified spines. This may be
inferred. from. their manner of development in the individual, as
well s from a long and perfect serics of gradations in different
species and geners, from simple granules to ordinary spines, to
Perfect tridactyle pedicellariz, The gradation extends even to
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the manner in which ordinary spines and the pedicellariz with
their supporting calcareous rods are articulated to the shell. Tn
certain_genera of star-fishes, “the very combinations needed to
show that the pedicellarie are only modified branching spines”
may be found. Thus we have fixed spines, with three equi-distant,
serrated, moveablo branches, articulated to near their bases; and
higher up, on the same spine, three other moveablo branches,
Now when the latter arise from the summit of a spine they form
in fact a rude tridactyle pedicellaria, and such may be seen on the
same spine together with the three lower branches. In this case
+he identity in nature hetwween the arms of the pedicellari and the
moveable branches of @ spine, is unmistakeablo. 1t is generally
admitted that the ordinary spines serve as & protection and if so,
there can be no reason to doubt that those furnished with serrated
and moveable branches likewiso serve for the same purpose; and
they would thus serve still more effectively as soon as by meeting
together they acted as a prehensile or snapping apparatus. Thus
every gradation, from an ordinary fixed spine to a fixed pedicellaria,
would be of service.

In certain genera of star-fishes these organs, instead of being
fixed or borne on an immovable support, are placed on the summit
of a flexible and muscular, though short, stem ; and in this caso
they probably subserve some additional funotion besides defence.
In the sea-urchins the steps can be followed by which a fixed spine
becomes articulated to the shell, and is thus rendered moveable.
Twish I had space here to give a fuller abstract of Mr. Agassiz’s
interesting observations on the development of the pedicellarie.
All possible gradations, as he adds, may likewise bo found between
the pedicellari® of the star-fishes and the hooks of the Ophiurians,
another group of the Echinodermata ; and again between the pedi-
<ellaria of sea-urchins and the anchors of the Holothurim, also
Telonging to the same great class.

B

Certain compound animals, or zoophytes as they have been
termed, namely the Polyzoa, are provided with curious organs
called avicularia. These differ much in structure in the different
species. Tn their most perfeot condition, they curiously resemble the
head and beak of a vulture in miniature, seated on  neck and cap-
able of movement, as is likewise the lower jaw or mandible, In one
species observed by me all the avicnlaria on the same branch often
moved simultancously backwards and forwards, with the lower
Jow widely open, through an angle of about 90%, in the course of
five seconds; and their movement caused the wholo polyzoary to
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tremble. When the jaws are touched with a needle they seize it
5o firmly that the branch can thus be shaken.

Mr. Mivart adduces this case, chiefly on account of the supposed
difficulty of organs, namely the avicularia of the Polyzoa and the
ypedicellariz of the Echinodermata, which he considers as “ essen-
tially similar,” having been developed through natural selection in.
widely distinct divisions of the animal kingdom. But, as far as
‘structure is concerned, T can seo 1o similarity between tridactyle
pedicellarie and avicularia. The latter resemble somewhat more
closely the chel or pincers of Crustaceans ; and Mr. Mivart might
Tave adduced with equal appropriateness this resemblance as a
special difficulty’; or even their resemblance to the head and beak
of a bird. The avicularia are believed by Mr. Busk, Dr. Smitt, and
Dr. Nitsche—naturalists who have carefully studied this group—to
e homologous with the zocids and their cells which compose the
zo0phyte ; the moveable lip o 1id of the cell corresponding with the
lower and moveable mandible of the avicularium.  Mr. Busk, how-
ever, does not know of any gradations now existing between a zo0id
and an avicularium. It is therefore impossible to conjecture by

he other: but it by no means follows from this that such grada~
tions have not existed.

As the chelm of Crustaceans resemble in some degree the aviou-
Taria of Polyzoa, both serving as pincers, it may be worth while to
show that with the former a long series of serviceable gradations
still exists. In the first and simplost, stage, the terminal segment
of a limb shuts down either on the square summit of the broad
‘penultimate segment, or against one whole side ; and is thus enabled
10 cateh hold of an abject; but the limb stll serves as an organ
of locomotion. Wo next find one corner of the broad penultimate
sogment. slightly prominent, sometimes furnished with irregular
teeth ; and against these the terminal segment shuts down. By an
inrease in the size of this projection, with its shape, as wall as that
of the terminal segment, slightly modified and improved, the pincers
are rendered more and more perfect, until we have at last an instru-
ament as efficient as the chel of a lobster; and all these gradations
can be actually traced.

Besides the avicularia, the Polyzoa possess ourious organs called
vibracula. Theso generally consist, of long bristles, capable of
movement and easily excited. In ono species examined by me
the vibracula were slightly curved and serrated along the outer
margin; and all of them on the same polyzoary often moved simul-
tancously ; so that, acting like long oars, they swept a branch rapidly

o
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across the object-glass of my microscope. When a branch was
placod on its face, tho vibracula became entangled, and they made
Violent efforts to free themsolves. They are supposed o serve as
a defence, and may be seen, as Mr. Busk remarks, “to sweep
slowly and carefully over the surface of the polyzoary, removing
what might be noxious to the delicate inhabitants of the cells when
their tentacula are protruded.” The avicularia, like the vibracula,
probably serve for defence, but they also catch and kill small living
animals, which it is believed are afterwards swept by the currents
within reach of the tentacula of the zooids. Some species are
‘provided with aviculari and vibracula ; some with avieularia alone,
and a fow with vibracula alone.

It is not casy to imagino two objects more widely different in
appearance than a bristle or vibraculum, and an avicularium like
the head of a bird ; yet they are almost certainly homologous and
have been doveloped from the same common source, namely a zooid
with its cell. Hence we can understand bow it is that these
organs graduate in some cases, s 1 am. informed by Mr. Busk,
into each other. Thus with the avicularia of several species of
Lepralia, the moveable mandible is so much produced and is so like
a bristle, that the presence of the upper o fixed beak alone serves
to determine its avicularian nature. The vibracula may have been
direotly developed from the lips of the cells, without having passed.
through the avieularian stage ; but it seems more probable that
they have passed through this stage, as during the early stages of
the transformation, tho other parts of the cell with the included
200id could hardly have disappeared at once. In many cases the
vibracula have a grooved support at the base, which scems to repre-
sent the fixed beak ; though this support in some species is quite
absent. This view of the development of the vibraculs, if trust-
worthy, is interesting ; for supposing that all the species provided
with avicalaria had become extinct, no one with the most vivid
imagination would i iginall
existed as part of an organ, resembling a bird’s head or an irregular
box or hood. 1t is interesting to seo two such widely different
argans developed from  common origin; and as the moveable lip
of the cell serves as a protection to the zooid, there is no difficulty
in believing that all the gradations, by which the lip became con~
verted first into the lower mandible of an avicularium and then
into an elongated bristle, likewise served as a protection in diffeont.
ways and under different circumstances,

In the vegetable kingdom M, Mivart ouly alludes to two casesy
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‘namely the structure of the flowers of orchids, and the movements
of climbing plants. With respect to the former, ho says,  the
explanation of their origin is deemed thoroughly unsatisfactory—
utterly insufficient to explain the incipient, infinitesimal beginnings
of structures which are of utility only when they are considerably
developed.” As T have fully treated this subject in another work,
1 will here give only a fow details on one alone of the most striking
‘peculiarities of the flowers of orchids, namely their pollinia. A
‘polliniam when highly developed consists of a mass of pollen-grains,
affixed to an elastic foot-stalk or caudicle, and this to a little mass
of extremely viscid matter. The pollinia are by this means trans-
ported by insects from one flower to the stigma of another, In
some orchids there is no caudicle to tho pollen-masses, and the
grains are merely tied together by fine threads; but as these are
ot confined to orchids, they need not here be considered; yet I
‘may mention that at the base of the orchidaccous series, in Cypri-
pedium, we can see how the threads were probably first developed.
In other orchids tho threads cohere at one end of the pollen-masses;
and this forms the first or nascent trace of a caudicle. That this
is the origin of the caudicle, even when of considerable length and
highly. developed, we have good evidence in the aborted pollen-
grains which can sometimes be detected embedded within the
central and solid parts.

‘With respect to the second chief peculiarity, namely the little
mass of viscid matter attached to the end of the caudicle, a long
series of gradations can be specified, each of plain service to the
plant. In most flowers belonging to other orders the stigma se-
cretes a lttle viscid matter. Now in certain orchids similar viscid
‘matter is secreted, but in much larger quantities by one alone of
the three stigmas ; and this stigma, perhaps in consequence of the.
copious secretion, is rendered sterile. When an insect visits a flower
of this kind, it rubs off some of the viscid matter and thus at the
same time drags away some of the pollen-grains. From this simplo
condition, which differs but little from that of a multitude of
common flowers, there are endless gradations,—to species in whicl
the pollen-mass terminates in a very short, free caudicle,—td others
in which the caudicle becomes firmly attached to the viscid matter,
with the sterile stigma itself much modified. In this latter case
we have a pollinium in its most highly developed and perfect con-
dition. He who will carefully examine the flowers of orchids for
himself will not deny the existence of the above series of gradations
—from o mass of pollen-grains merely tiod together by threads,
with the stigma differing but little from that, of an ordinary flower,

02
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{0 a highly complex pollinium, admirably adapted for transportal
Ly insects; nor will he deny that all the gradations in the several
species are admirably adapted in relation to the general structure
of each flower for its fertilisation by different insects. In this, and
in almost every other case, the enquiry may be pushed further
backwards; and it may be asked how did the stigma of an ordinary
flower become viscid, but as we do not know the full history of any
one group of beings, it is as useless to ask, as it is hopeless to
attempt answering, such questions.

We will now turn to climbing plants. These can be arranged in
a long series, from those which simply twine round a suppart, to
those which I have called leaf-climbers, and to those provided with
tendrils, In these two latter classes the stems have generally, but
not always, lost the power of twining, though they retain the power
of revolving, which the tendrils likewise possess. The gradations
from leaf-climbers to tendril-bearers are wonderfully  close, and
certain plants may be indifferently placed in cither class. But in
asconding the serics from simple twiners to leaf-climbers, an impor-
tant quality is added, namely sensitiveness to a touch, by which
means the foot-stalks of the leaves or flowers, or these modified
and converted into tendrils, are excited to bend round and clasp
the touching object. He who will read my memoir on these plants
will, I think, admit that all the many gradations in function and
structure between simple twiners and tendril-bearers are in each
case beneficial in a high degree to the species. For instance, it
is clearly a great advantage t0 a twining plant to become a leaf-
climber; and it is probable that cvery twiner which possessed
leaves with long foot-stalks would have been developed into a leat
climber, if the foot-stalks had possessed in any slight degree the
requisite sensitiveness to a touch.

As twining is the simplest means of ascending a support, and.
forms the basis of our series, it may naturally be asked how did
plants acquire this power in an incipient degree, afterwards to be
improved and increased through natural selection. The power of
twining depends, firstly, on the stems whilst young being extremely
flexible (but this s a character common o many plants which are
uot climbers); and, secondly, on their continually bending to all
points of the compass, one after the other in succession, in the same
order. By this movement the stems are inclined to all sides, and
are made to move round and round.  As soon as the lower part of
of a stem strikes against any object and s stopped, the upper part
still goes on bending and revolving, and thus necessarily twines
zound and up the support. The revolving movement ceases after
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the carly growth of cach shoot. As in many widely separated
families of plants, single species and single genera possess the power
of revolving, and have thus become twiners, they must have
independently acquired it, and cannot have inherited it from a.
common progenitor. Hence I was led to predict that some slight
tendency to a movement of this kind would be found to be far from
uncommon with plants which did not climb; and that this had
afforded. the basis for matural selection to work on and improve,
When T made this prediction, I knew of only one imperfect case,
namely of the young flower-peduncles of a Maurandia which
revolved slightly and irregularly, like the stems of twining plants,
but without making any use of this habit. Soon afterwards Fritz
Miiller discovered that the young stems of an Alisma and of
TLinum,—plants which do not climb and are widely separated in
the natural system,—revolved plainly, though irregularly; and he
states that ho has reason to suspect that this occurs with some other
plants. These slight movements appear to be of no service to the
plants in question ; anyhow, they are not of the least use in the way
of climbing, which is the point that concerns us. Nevertheless we can.
seo that if the stems of these plants had been flexible, and if under
the conditions to which they are exposed it had profited them to as-
cend to a height, then the habit of slightly and irregularly revolving
might have been increased and utilised through natural selection,
until they had become converted into well-developed twining species.

‘With respect to the sensitiveness of the foot-stalks of the leaves
and flowers, and of tendrils, nearly the same remarks are applicable
as in the case of the revolving movements of twining plants. As
a vast number of species, belonging to widely distinct groups, are
endowed with this kind of sensitiveness, it ought to be found in a.
nascent condition in many plants which have not become climbers.
This is the case: T observed that the young flower-peduncles of
the above Maurandia curved themselves a littlo towards the sido
whioh was touched. Morren found in several species of Oxalis that
the loaves and their foot-stalks moved, especially after exposure
0 a hot sun, when they were gently and repeatedly touched, or
when the plant was shaken. T repeated these observations on some
other species of Oxalis with the samo result 3 in somo of them the
movsm_e:nt was distinct, but was best seen in the young leaves; in
others it was extremely slight. 1t is @ more important fact that
according to the high authority of Hofmeister, the young shoots and
Teaves of all plants move after being shaken ; and with climbing
plants it is, as we know, only during the early stages of growth that
‘the foot-stalks and tendrils are sensitive,
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Tt is scarcely possible that the above slight movements, duc to
a touch or shake, in the young and growing orzans of plants, can
be of any functional importance to them. But plants possess, in
obedience to various stimuli, powers of movement, which are of
‘manifest importance to them; for instance, towards and more rarel
from the light,—in opposition to, and more Tarely in the direotion.
of, the attraction of gravity. When the nerves and museles of an
animal are excited by galvanism o by the absorption of strychuine,
the consequent movements may be called an incidental result, for
the nerves and muscles have not been rendered specially sensitive to
these stimuli, So with plants it appears that, from having the
power of movement; in obedience to certain stimuli, they are excited
in an incidental manner by a touch, or by being shaken. Hence
thero is no great difficulty in admitting that in the case of leaf-
climbers and tendril-bearers, it is this tendency which has been
taken advantage of and increased through natural selection, Tt is,
however, probable, from reasons which I have assigned in m;
‘memoir, that this will have occurred only with plants which had
already acquired the power of revolving, and had thus become
twiners.
1 bave already endeavoured to explain how plants became twiners,
namely, by the increase of a terdency to slight and irrogular
rovolving movements, which were at first of 1o use to thems this
movement, as well as that due to & tonch or shake, being the inci-
dental result of the power of moving, gained for other and bene-
ficial purposes. Whether, during the gradual development of
climbing plants, natural selection has been aided by the inherited
effects of use, I will not pretend to decide; but we know that
certain periodical movements, for instance the so-called sleep of
plants, are governed by habit,

structures; and I have shown, as 1 hope, that there is no great
difficulty on this head. A good opportunity has thus been afforded.
for elarging a little on gradations of structure, often associated
with changed functions,—an important subject, which was ot
treated at sufficient length in th former editions of this work. I
will now briefly recapitulate the foregoing cases,

With the giraffe, the continued preservation of the individuals of
semo extinot high-reaching ruminant, which had tho longest necks,
legs, &c., and could browse a little above the average height, and
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fhe continued destruction of those which could not browse so high,
would have sufficed for the production of this rematkable quad-
ruped; but the prolonged use of all the parts together with inherit-
anco will have aided in an important manner in their co-ordination.
With the many insects which imitate various objects, there is no
improbability in the belief that an accidental resemblance to some
common object was in each case the foundation for the work of
natural selection, sinco perfected through the occasional preservation
of slight variations which made the resemblance at all closer ; and
this will have been carried on as long as the insect continued to
vary, and as long as a more and more perfect resemblance led to its
escape from sharp-sighted enemies, In certain species of whales
there is a tendency to the formation of irregular litle points of horn
on the palate ; and it scems to be quite within the scope of natural
selection to preserve all favourable variations, until the points were
converted first into lamellated knobs or teeth, like those on the
‘eak of  goose,—then into short lamellz, like those of the domastic.
ducks,—and then into lamell, as perfect as those of the shoveller-
duck,—and finally into the gigantic plates of baleen, as in the mouth
of the Greenland whale. In the family of the ducks, the lamella
are first used as tecth, then partly as teoth and partly os a sifting
apparatus, and at last almost exclusively for this latter purpose.
With such structures as the above lamell of hom or whale-
bone, habit or use can have done lttle or nothing, as far as we
<can judge, towards their development, On the other hand, the
transportal of the lower cye of a flat-fish to the upper side of
the head, and the formation of a prehensile tail, may be attributed
almost wholly to continued use, together with inheritance. With
respect to the mamma of the higher animals, the most probablo
conjecture is that primordially the eutancous glands over the whole
surface of a marsupial sack secreted a nutritious fluid; and that
these glands were improved in fanction through natural selection,
and concentrated into a confined area, in which case they would
have formed a mamma. There is no more difficulty in under-
standing how the branched spines of some ancient Echinoderm,
which served as . defence, became developed through natural selec-
tion into tridactyle pedicellarie, than in understanding the develop-
ment of the pincers of crustaceans, through slight, serviceable modi-
fications in the ultimate and penultimate segments of a limb,
which was at first used solely for locomotion. In the avicularia
and vibracula. of the Polyzoa we have organs widely different, in
appearance developed from the same source; and with the vibracula
we can understand how the successive gradations might bave been
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rvice. With the pollinia of orchids, the threads which originally
:::cd to tie ngthnrl:ohu pollen-grains, can be traced cohering into
saudiclos; and the steps can likewise be followed by which viscid.
‘matter, stch s that secreted by the stigmas of ordinary flowers, and,
still subserving mearly but not quite the same purpose, became
attached to the free ends of the caudicles;—all these gradations
being of manifest benefit to the plants in question.  With respect
to climbing plants, T need not repeat what has been 5o lately said.
Tt has often been asked, if natural selection be so potent, why has
not this or that structure been gained by certain species, to which it
would apparently have been advantageous ? Bubitis unreasonable to
expect a precise answer to such questions, considering our ignorance
of the past history of each species, and of the conditions which at
the present day determine its mumbers and range. In most cases
only general reasons, but in some fow cases special reasons, can be.
assigned. Thus to adapt o species to new habits of life, many co-
ordinated modifications are almost indispensable, and it may often
have happened that the requisite parts did not vary in the right
manner or to the right degree. Many species must have been
prevented from increasing in numbers through destructive agencies,
which stood in 1o relation to certain structures, which we imagine
would have been gained through natural seleotion from appearing
to us advantageous to the species. In this case, as the struzle
for life did not depend on such structures, they could not havo
een acquired through natural selection. In many cases complex
and long-enduring conditions, often of a. peculiar nature, are neces~
sary for the dovelopment of 2 structuro; and the requisite con-
ditious may seldom have concurred. The belief that any given
structure, which we  think, often erroncously, would have been
beneficial to a species, would have been gained under all circum-
stances through natural selection, is opposed to what we can under-
stand of its manner of action. Mr. Mivart does not deny that
natural selection has offected something ; but he considers it 85
« demonstrably insuffcient ” to account for the phenomena which T
expalin by its agency. His chief arguments have now been con-
sidered, and the others will hereafter be considered. They scem to
me to partake little of the character of demonstration, and to have.
little weight in comparison with those in favour of the power of
natural selection, aided by the other agencies often specified. Tam
bound to add, that some of the facts and arguments here used by
me, have been advanced for the same purpose in an able article:
Intely published in the * Medico-Chirurgical Review.
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At the present day almost all naturalists admit evolution under
some form.  Mr. Mivart elioves that species change through “an.
internal force or tendency,” about which it is not pretended that
anything is known. That species have a capacity for change wilk
be admitted by all evolutionists ; but there is no need, as it seems
10 me, to invoke any internal force beyond the tendency to ordi-
nary variability, which through the aid of selection by man has
given rise to many well-adapted domestic races, and which through
the aid of natural selection would equally well give rise by gradu-
ated steps to natural races or species. The final result will gene-
mally have been, as already explained, an advance, but in some few
cases a retrogression, in organisation.

Mr. Mivart is further inclined to believe, and some naturalists
agree with him, that new species manifest themselves * with sud-
denness and by modifications appearing at once.” For instance,
he supposes that the differences between the extinct throo-toed:
Hipparion and the horsoe arose suddenly, ~He thinks it difficult to
‘believe that the wing of a bird “was developed in any other way
than by a_ comparatively sudden modification of a marked and
fEste G e pveeren g ot i
to f bats and pterodnctyles. This conclusion, which:
m\pL\es great breaks or discontinuity in the series, appears to mo
improbable in the highest degree.

Every one who believes in slow and gradual evolution, will of
oute st hat e ‘may have been as abrapt and as
great as any single jon w
s ey S S s
when domesticated or cultivated than under their natural con-
ditions, it is not probable that such great and abrupt variations
have often occurred under nature, as are known occasionally to
arise under domestication. OF these latter variations several may
be attributed to reversion ; and the characters which thus reappear
were, it is probable, in many cases at first gained in a gradual
manner, A still greater number must be called monstrosities, such
as six-fingered men, poreupine men, Ancon sh attle, &e.;
and as they are widely different, in character from natural specics,
they throw very little light on our subject. Excluding such cases
of abrupt variations, the fow which remain would at best constitute,
if found in a s(ate of mature, doubtful species, closely related to
their parental ty

y ostons ir coubing whether tural species have changed
as abruptly as have occasionally domestic races, and for entirely
disbelieving that they have changed in the wonderful manner
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indicated by Mr. Mivart, are as follows. According to our expe-
rience, abrupt and strongly marked yariations oceur in our domesti-
cated productions, singly and at rather long intervals of time, If
such occurred under nature, they would be liable, as formerly
explained, to be lost by accidental causes of destruction and by
subsequent inter-orossing ; and so it is known to be under domesti
cation, unless abrupt variations of this kind are specially preserved
and separated by tho caro of man. Hence in order that a new
species should suddenly appear in the manner supposed by M,
Mivart, it is almost necessary to believe, in opposition to all ana-
logy, that several wonderfully changed individuals appeared simul-
taneously within the same district. This ifficulty, as in the case of
unconscious selection by man, is avoided on the theory of gradual
evolution, throngh the preservation of  large number of individuals,
which varied more or less in any favourable direction, and of the
destruction of a large number which varied in an opposite manner,
That many species have been evolved in an extremely gradual
manner, there can hardly be a doubt. The species and even tho
genera of many large natural families are so closely allied together,
that it is difficult to distinguish not a fow of them. On every con-
tinent in proceeding from north to south, from lowland to upland,
&e., we meet with a host of closely related or representative species;
as we likewise do on certain distinct continents, which we have
reason to believe were formerly connected. But in making these
and the fullowing remarks, T am compelled to allude to subjeets
hereater to be discussed. Look at the many outlying islands round
4 continent, and seo how many of their inhabitants can b raised
only to the rank of doubtful species. So it is if we loak to past
times, and compare the species which have just passed away with
those still living within the same areas ; or if we compare tho fossil
species embedded in the sub-stages of the seme geological formation.
1t is indeed manifest that multitudes of species are related in the
closest manner to other species that still exist, or have lately
existed; and it will hardly be maintained that such species have
been developed in an sbrupt or sudden manner. Nor should it be
forgotten, when we look to the special parts of allied species, instead
of to distinct specics, that numerous and wonderfully fine grada-
tions can be traced, connecting together widely different structures.
any large groups of facts are intelligible only on the principle
that species have been evolved by very small steps. For instance,
‘the fact that the species included in the larger gonera are more closely
related to cach other, and present a greater number of varieties
than do the species in the smaller genera, The former aro also
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grouped in little clusters, like varicties round species; and they
present other analogies with varieties, as was shown in our second
chapter. On this same principle we can understand how it is that
specific characters are moro variable than generic characters; and.
how the parts which are developed in an extraordinary degree
or manner are more variable than other parts of the same species.
Many analogous facts, all pointing in the same direction, could be
added,

Although very many species have almost certainly been pro-
duced by steps not greater than thoso separating fine varieties; yet
it may be maintained that some have been developed in a different
and abrupt manner. Such an admission, however, ought ot to be
‘made without strong evidence being assigned. The vague and in
some respects false analogies, as they have been shown to be by
Mr. Chauncey Wright, which have been advanced in favour of this
view, such as the sudden crystallisation of inorganio substances, or
the falling of a facetted spheroid from one facet to another, hardly
deserve consideration. One class of facts, however, namely, the
sudden appearance of new and distinct forms of life in our geological
formations supports at first sight the belief in abrupt development.
But the value of this evidence depends entirely on the perfection of
the geological record, in relation to periods remote in the history
of the world. If the record is as fragmentary as many geologists
strenuously assert, there is nothing strange in new forms appear-
ing as if suddenly developed.

Unless we admit transformations as prodigious as those advocated
by Mr. Mivart, such as the sudden development of the wings of
birds or bats, or the sudden conversion of a Hipparion into a horse,
hardly any light is thrown by the belief in abrupt modifications on
the deficiency of couneeting links in our geological formations. But
against the belief in such abrupt changes, embryology enters a strong.
protest. It is notorious that the wings of birds and bats, and the legs
of horses or other quadrupeds, are undistinguishable at an carly em-
bryonic period, and that they become differentiated by insensibly
fine steps. Embryological resemblances of all kinds can be ac-
counted for, as we shall hereafter see, by the progenitors of our
existing species having varied after early youth, and having trans-
mitted their newly acquired characters to their offspring, at
corresponding age.  The embryo is thus left almost unaffected, and
serves as a record of the past condition of the species. Hence it
is that existing species during the early stages of their develop-
ment 5o often resemble ancient and extinct forms belonging to the
same class. On this view of the meaning of embryological resem-
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blances, and indeed on auy view, it is incredible that an animal
should have underzone such momentous and abrupt transforma-
tions, as those above indicated ; and yet should not bear even a
trace in its embryonie condition of any sudden modification; every
detail in its stracture being developed by insensibly fine steps.

He who believes that some ancient form was transformed sud-
denly through an internal force or tendency into, for instance, ono
farnished with wings, will be almost compelled to assume, in oppo-
sition to all analogy, that many individuals varied simultaneously.
Tt cannot be denied hat such abrupt and great changes of struo-
ture are widely different from those which most species apparently
have undergone. He will further be compelled to believe that
many structures beautifully adapted to all the other parts of the
same creature and to the surrounding conditions, have been sud-
denly produced ; and of such complex and wonderful co-adapta-
tions, ho will not be able to assign @ shadow of an explanation.
Ho will be forced to admit that these great and sudden transfor-
mations have left no trace of their action on the embryo. To
admit all this is, as it scems to me, to enter into the realms of
‘miracle, and to leave those of Science.
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CHAPTER VIIL

IsmiNer.

te, but different in their origin— Instinets
d_ants — Instincts variable — Domestic in-

ig
ostrich, and_parasitic bees—Slave-making ants
making instinct— Changes of instinct and structure not necessarily
simultaneous —Difficulties of the theory of the Natural Selection of
instincts — Neuter or sterile inscots — Summary.

Maxy instincts are so wonderful that their development will pro-
Tably appear to the reader a difficulty sufficient to overthrow my
whale theory. I may here premise, that I have nothing to do with
the origin of the mental powers, any more than I have with that of
life itself.  Wo are concerned only with the diversities of instinct
and of the other mental faculties in animals of the same class.

T will not attempt any definition of instinct. Tt would be easy to
show that several distinct mental actions are commonly embraced
by this term 3 but every one understands what is meant, when it is
said that instinet impels the cuckoo to migrate and to lay her ezgs
in other birds’ nests.  An action, which we ourselves require expe-
rience to enable us to perform, when performed by an animal, more
especially by  very young one, without experience, and when per-
formed by many individuals in the same way, without their knowing
for what purpose it is performed, is usually said to be instinctive,
But T could show that none of these characters are universal. A
littlo dose of judgment or reason, as Pierre Huber expresses it, often
comes into play, even with animals low in the scale of nature.

Frederick Cuvier and several of the older Metaphysicians have
compared instinet with habi is comparison gives, I think, an
accurate notion of the frame of mind under which an instinctive
action is performed, but not necessarily of its origin. How uncon-
sciously many Labitual actions are performed, indeed 1ot rarely in
direct opposition to our conscious will! yet they may be modi=

fied by the will or reason. Habits easily become associated With
-other habits, with certain. periods of time, and states of the body
When once acquired, they often remain constant, throughout life
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Several other points of resemblance between instincts and habits
could be pointed out. As in repeating a well-known song, so in
instinets, one action follows avother by a sort of rhythm; if a person
bo interrapted in a song, or in repeating anything by rote, he is
generally forced. to go back to recover the habitual train of thought:
50 P. Huber found it was with a caterpillar, which makes a very com-
plicated hammock ; for if he took a caterpillar which had completed
its hammock up to, say, the sixth stage of construction, and put it
into a hammock completed up only to the third stage, the caterpillar
simply re-performed the fourth, ffth, and sixth stages of construction,
If, however, a caterpillar were taken out of a hammock made up,
l for instance, to the third stage, and were put into one finished up to
the sixth stage, so that much of its work was already done for it,
far from deriving any benefit from this, it was much embarrassed,
and in order to complete its hammock, seemed forced to start from
| the third stage, whero it had left off, and thus tried to complete the
! already finished work.

If we suppose any habitual action to become inherited—and it
can be shown that this does sometimes happen—then the resem-
blanco between what originally was a habit and an instinct becomes
50 close as not to be distinguished. 1f Mozar, instead of playing
the pianoforte at three years old with wonderfully little practice,
bad played a tune with 1o practice at all, he might truly be said
to have done so instinctively. But it would be a serious error to
suppose that the greater number of instincts have been acquired by
habit in one generation, and then transmitted by inheritance fo

succeoding generations. 1t can bo clearly shown that the most

wonderful instincts with which we are acquainted, namely, those"
of the hive-beo and of many ants, could not possibly have been
acquired by habit,
It will be universally admitted hat instincts are as important as
corporeal structures for the welfare of cach species, under its present
conditions of life. Under changed conditions of life, it is at least
‘possible that slight modifications of instinct might be profitable to
a species; and if it can be shown that instincts do vary ever £
little, then I can see no difficulty in natural selection preserving
and continually acoumulating variations of instinet to any extent
that was profitable. It is thus, as I believe, that all the most
complex and wonderful instincts have originated. As modifications
of corporeal structure arise from, and are increased by, use or habit,
and are diminished or lost by disuse, so I do not doubt it has been
with instinots. But T believe that the effects of habit are in man
cases of subordinate importance to the effects of the natural selection
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of what may bo called spontaneous variations of inetincts ;—¢hat
is of variations produced by the same unknown causes which pro-
duce slight doviations of bodily structure.

No complex instinct can possibly be.produced. throngh natural
sclection, except by the slow and gradual accumulation of numerous
slight, yet proftable, variations. Hence, as in the case of corporeal
structures, we ought to find in nature, not. the actual trausitional
gradations by which each complex instinct has been aoquired—for
theso could.be found only in the lineal ancestors of cach. specici—
but we ought to fid jo tho colaters lines of descent some evidence
of such gradations; or we ought at least 1o b able o show that
gradations of some kind aro possiblo; and this we certainly can do.
T have been surprised to find, making allowance for tho instinots of
animals having been but lttl observed except in Europe and North
America, and for no instinct being known amongst extinot species,
how very generally gradations, leading to the most complex instincts,
can be discovered. Changes of instinct may sometimes bo facilitated
by the sume species having different instincts at difforent periods
of life, or at diflerent seasons of the year, or when placed under
different circumstances, &c.; in which caso cither the ono o the
other instinct, might bo preserved by natural selection. And such
instances of diversity of instinct in the same specics can bo shown
to oceur in nature.

Again, as in the case of corporeal structure, and conformably to
1y theory, the instinct of each. species s good for itslf, but has
nover, as far as wo can judge, been produced for the exclusive good
of others.  One of tho strongest instances of an animal apparent!

ing n s it wi s |

nothier, w
acquainted, is that of aphides voluntarily yielding, as was first |
observed by Huber, their sweet excretion fo ants: that they do so
voluntarily, the following facts show. I removed all the ants from
4 group of about a dozen aphides on a dock-plant, and prevented
their attendance during several hours. ~After this interval, T felt
sure that the aphides would want to excrete. 1 watched them for
some time through a lens, but not one excreted ; T then tickled and
stroked them with a hair in the same manner, as well as I could,
as the ants do with their antenna ; but not one excreted. After-
wards T allowed an ant to visit them, and it imediately seemed,
by its eager way of running about, to be well aware what a rich
flock it bad 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 antenna, immediately lifted up its abdomen and
excreted a limpid drop of sweet, juice, which was cagerly devoured
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theant. Even the quite young aphides behaved in this manner,
showing that the action was instinctive, and not the result of
experience. Tt is certain, from the observations of Huber, that the
aphides show no disliko to the ants if the latter be nob present
shey aro at last compelled to eject their excretion. But as the
excretion s extremely viscid, it is 10 doubt a convenience to the
aphides to have it removed ; therefore probably they do not excrete
olely for the good of the ants. Although ther is no evidence that |
-y it poforias an acFon for the exclusiv good of wnother
Sposies, yot cach tries to fake advantage of the instincts of others,
as each takes advantage of the weaker bodily structure of other
species. S0 again certain instincts cannot be considered. as abso-
Tutely perfect; but as details on this and other such points are not
indispensable, they may be here passed over.

‘As some degree of variation in instincts 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
De given; but want of space prevents me. I can only assert that
instinots certainly do vary—for instance, the migratory instinct,
both in extent and direction, and in its total loss. S0 it is with the
mests 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
soveral remarkable cases of differences in the nests of the sume
species in the northern and southern United States. ‘Why, it has
‘been asked, if instinct be variable, has it not granted to the bee
“the ability to use some other material when wax was deficient "2
But what other natural material could bees use? They will work,
as T have seen, with wax hardened with vermilion or softened.
with lard, Andrew Knight observed that his bees, instead of
Iaboriously collecting propolis, used a cement of wax and turpentine,
with which he had covered decorticated troes. It has lately been
shown that bees, instead of searching for pollen, will gladly uso
very different substance, namely catmeal. - Fear of any particular
enemy is certainly an instinctive 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, The fear of man is slowly
acquired, as I have elsewhere shown, by the various animals which
inhabit_desert islands; and we see an instance of this even in
England, in the greater wildness of all our large birds in comparison
with our small birds ; for the large birds have been most persecated
by man. We may safely attribute the greater wildness of our
darge birds to this cause; for in uninhabited islands large birds are

3
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ot more fearful than small ; and the magpie, so wary in England,
s tame in Norway, as is the hooded crow in Egypt.

That the mental qualities of animals of tho same kind, born in a
state of nature, vary much, could be shown by many facts. Several
cases could also be adduced of occasional and strange habits in
wild animals, which, if advantageous to the species, might have
given rise, through natural selection, to new instinets. But I am
well aware that these general statements, without the facts in
detail, will produce hut a fecble effoct on the reader's mind. I
can only repeat my assurance, that I do not speak without good.
evidence.

Tulerited Clanges of Habit or Instinct in Domesticated.
Animals.

The possibility, or even probability, of inherited variations of
instinct in a state of nature will be strengthened by briefly consider-
ing a few cases under domestication. We shall thus be enabled to
see the part which habit and the selection of so-called spontancous
veriations have played in modifying the mental qualities of our
domestic animals. It is notorions how much domestic animals vary
in their mental qualities. With cats, for instance, one naturally
takes to catching rats, and another mice, and these tendencics aro
Known to be inberited. ~One cat, according to Mr. St. John, always
Drought home game-birds, another hares or rabbits, and another
hunted on marshy ground and almost nightly caught woodcocks or
snipes. A number of curious and authentic instances could be.
given of various shades of disposition and of taste, and likewise of
the oddest tricks, associated with certain frames of mind or periods
of time, being inherited. But let us look to the familiar caso of
the breeds of the dog: it cannot be doubted that young pointers (I
have myself seen a striking instance) will sometimos point and even
back other dogs the very first time that they are taken out;
retrieving is certainly in some degree inherited by retrievers; and a
tendency to run round, instead of at, a flock of sheep, by shepherd-
dogs. T cannot see that these actions, performed without experience
by the young, and in nearly the ssme manner by cach individual,
performed with eager delight by cach 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 eags on the leaf of the cabbage—I cannot sce that theso
actions differ essentially from true instincts, If we were to behold
one kind of wolf, when young and without any training, as
it scented its prey, stand motionless like a statue, and then slowly

3
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crawl forward with a peculiar gait; and another kind of wolf
rushing round, instead of at, @ herd of deer, and driving them to a
distant, point, we should assuredly call these actions instinctive,
Domestic. instincts, as they may be called, are certainly far less
Jixed than natural instincts; but they have been acted on by far
Jess rigorous selection, and Lave been transmitted for an incompar-
ably shorter period, under less fixed conditions of lfe.

How strongly these domestic_instinct, habits, and.dispesitions
are inherited, and how curiously they become mingled, is well
shown when different breeds of dogs are crossed. Thusit is known
that a cross with a bull-dog has affected for many generations the
courage and cbstinacy of greyhounds ; and a cross with a groyhound

s given to a whole family of shepherd-dogs a tendency to hun,
hares. 'lhcw domestic instincts, when thus tested by crossing,
resemble natural instincts, which in a like manner become curiously
blended together, and for a long period exhibit traces of the instincts
of cither parent : for example, Le Roy describes a dog, whose great-
grandfather was a wolf, and this dog showed a trace of its wild
‘parentage only in one way, by not coming in a straight line to his
‘master, when called.

Domestic instinets are sometimes spoken of as actions which
have become inherited solely from long-continued 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 perionmed by
young birds, that have never seen & pigeon tumble. We may
believe that some one pigeon showed a slight tendency to this
strange habit, and that the long-continued seleotion of the best
individuals in successive generations made tumblers what they now
are; and near Glasgow there are house-tumblers, as 1 hear from
M. Brent, which cannot fiy cighteen inches high without going
Liead over heels. 1t may be doubted whether any one would have
thought of taining a dog to point, had not some one dog manlly
shown a tendency in this line; and this is known occasionally 0
happen, as L once saw, in a er: the act of pointing is pro-
bably, as many have Lhanght, only the exaggerated pause of an
animal preparing to spring on its prey. When the first tendency
to point was once displayed, methodical sclection and the inherited
effects of compulsory training in each successive generation would
soon. complete the work ; and unconscious selection is still i
progress, as each man tries to procure, without int to im)
st insad s s x| A

habit alone in some cases has sufficed ; hardly any animal is more
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dificult, to tame than the young of the wild rabbit; scarcely any
animal is tamer than the young of the tame Tabbit; but I can
‘handly suppose that domestio rabbits have often been selected for
tameness alones so that we must attribute at least the greater part
of the inherited change from extremo wildness 0 extreme tame-
ness, to habit and long-continued close confinement.

Natural instincts are lost under domestication: a_ remarkable
instance of this is scen in thoso breeds of fowls which very rarely
or never become “broody,” that is, never wish to sit on their egas.
Familiarity alone prevents our secinz how largely and how perma-
nently the minds of our domestic animals have been modified. Tt
is scarcaly possible to doubt that the love of man has become
instinctive in the dog. All wolves, foxes, jackals, and species of
the cat genus, when kept tame, are most cager to attack poultry,
sheep, and pigs; and this tendency has been found incurable in
dogs which have been brought home a3 puppies from countries such
as Tierra dol 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 aro then beaten 3 and if not cured, they are
destroyed ; o that habit and some degree of selection have pro-
bably concurred in civilising by inheritance our dogs. On tho
‘other hand, young chickens have lost, wholly by habit, that fear of
the dog and cat which no doubt: was originally instinctive in them ;
for T am informed. by Captain Hutton. that the young chickens of
the parent-stock, the Gallus bankiva, when reared in India under a
hen, aro at first excessively wild. Soit is with young pheasants
reared in England under a hen. Tt is not that chickens have lost
all fear, but foar 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 surrounding grass or
thickets; and this is evidently done for the instinctive purpos of
allowing, as we seo in wild ground-birds, their mother to fiy away.
But this instinct retained by our chickens has become useless un
domestication, for the mother-hen has almost lost by disuse the
power of flight,

Hence, we may conclude, that under domestication instinots have
‘been acquired, and natural instincts have been lost, partly by habit,
and ‘partly by man selecting and accumulating, during successive
generations, peculiar mental habits and actions, which at first
appeared from what we must in our ignorance call an accident. Tn

+ some cases compulsory habit alone has sufficed to produce inhe-
r2

Darwin Online: By permission of the Trustees of the Natural History Museum
(London).



212 Special Instincts. Cuar, VIIL
B

sited mental changes; in other cases compulsory habit has done
nothing, and all has been the result of sclection, pursud both
‘methodically and unconscionsly: but in most cases habit and
selection have probably concurred.

Special Tnstincts.

Wo shall, perhaps, best understand how instincts in a state of
nature have become modified by selection, by considering a fow
cases. T will seloct only three,—namely, the instinct which lads
the cuckoo to lay her cggs in other birds' nests ; the slave-making
instinct of certain ants; and the cell-making power of the
hive-bee. These two latter instincts have generally and justly
been ranked by naturalists as the most wonderful of all known

nstincts.

Instinets of the Cuckoo.—It is supposed by some naturalists that
the mor immediate cause of the instinct of the cuckoo s, 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 1aid 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 this were the case, the process of laying and hatohing
might be inconveniently long, more especially as she migrates at o
very early period ; 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 successively hatched, all at the same time. 1t has been both
asserted and denied that the American cuckoo cccasionally lays her
eggs in other birds' nests ; but I have lately heard from Dr. Merrell,
of Towa, that e once found. in Tllinois a young cuckoo fogether
with @ young jay in the nest of a Blue jay (Garrulus cristatus);
and as both were nearly fully feathered, there could be no mistake
in their identification. I could also give several instances of various
birds which have been known occasionally to Iny their eggs in other
birds' nests. Now let us suppose that the ancient progenitor of oux
Furopean cuckoo had the habits of the American cuckoo, and that
she occasionally laid an egg in another bird’s nest. If the old bird
profited by this occasional 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 when reared by their own mother, encum-
ered as she could hardly fail to be by having eges and young of
different ages at the same times; then tho old birds or the fostered
young would gnin an advantage. And analogy would lead us 0
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elieve, that the young thus reared would be apt, o follow by inhie-
ritanco the occasional and aberrant habit of their mother, and in
their turn would be apt to lay their egss in other birds’ nests, and
thus be more successful in rearing their young. By a continued
process of this nature, T believe that the strange instinct of our
cuckoo has been generated. It bis, also, recently been ascertained
on suffcient evidence, by Adolf Miiler, that the cuckoo occasionally
Inys her egzs on the bare ground, sits on them, and feeds her young.
This rare event is probably a case of Teversion to the long-lost,
aboriginal instinct of nidification.

Tt has been objected that T have not noticed other related instinots
and adaptations of structure in the cuckoo, which are spoken of as
‘necessarily co-ordiated. But in all cases, speculation on an instinct
known to us only in a single species, is useless, for we have hitherto
had 1o facts to guide us.  Until recently the instincts of the Euro-
pean and of the non-parsitic American cuckoo alone were known ;
now, owing to Mr. Ramsay's observations, we have learnt something
about three Australian species, which lay their eggs in other birds'
neste. The chief points to be referred to are three: first, that the
<common cuckoo, with rare exceptions, lays only one egg in a nest,
50 that the large and voracious young bird receives ample food.
Sccondly, that the eags are remarkably small, not exceeding those
of the skylark,—a bird about one-fourth as largo as the cuckoo.
That the small size of the ez is a real case of adaptation we may
infer from the fact of the non-parasitic American cuckoo laying
full-sized eggs. Thirdly, that the young cuckoo, soon after birth,
has the iustinct, the strength, and a properly shaped back for
ajooting its foster-brothers, which then perish from cold and hunger.
This has been boldly called a beneficent arrangement, in order that

its Toster-broth

may
may perish before they had acquired much feeling!

Turning now to the Australian species ; though these birds gene-
nlly lay only one egg in a nest, it is not rare to find two aud even
three eggs in the same nest. In the Bronze cuckoo the eggs vary
geeatly in size, from eight to ten lines in length. Now if it had

of an advantage to this species to have laid eggs even smaller
than those now laid, 50 s to have deceived certain foster-parents,
o, s is more probable, to have been hatched within a shorter period.
(for it is asserted. that there is a relation between the size of cgzs
and the period of their incubation), then there is no difficulty in
believing that a race or specics might have been formed Which
swould have laid smaller and smaller eggs  for theso would have
been more safely hatehed and reared. Mr. Ramsay remarks that
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two of the Australian cuckoos, when they Jay their eggs in an open
nest, manifest a decided preference for nests containing eggs similar
in colour to their own., The European species apparently manifests
some tendency towards a similar instinct, but not rarely departs
from it, as is shown by her laying her dull and pale-coloured eges
in the nest of the Hedge-warbler with bright greenish-blue eggs. Had
our cuckoo invariably displayed the above instinct, it would assu-
redly have been added to those which it is Assumed must all have
been acquired together. The cggs of the Australian Bronze cuckoo
vary, according to r. Ramsay, to an extraordinary degree in colour;
so that in this respect, us well as in size, natural selection might
have secured and fixed any advantageous variation.

Tn the case of the European cuckoo, the offspring of the foster-
parents are commonly cjected from. the nest within three days after
the cuckoo is hatched ; and as the latter at this age is in a most
helpless condition, Mr. Gould was formerly inclined to believe that
the ac of ejection was performed by the foster-parents themselves.
But he has now received a trustworthy account of & young cuckco.
which was actually seen, whilst still blind and not able even to
hold up its own head, in the act of ejecting its foster-brothers. One
of these was replaced in the nest by the observer, and was agamn
thrown out.  With respect to the means by which this strange and
odious instinct was acquired, if it were of great importance for the
‘young cuckoo, as is probably the case, to receive as much food a5
‘possible soon after birth, I can see no special difficulty in its having
gradually acquired, during successive generations, the blind desire,
the strength, and structure necessary for the work of ejection ; for
those young cuckoos which had such habits and structure best deve-
Toped would be the most securely reared. The first step towards.
the acquisition of the proper instinct might have been mere unin-
tentional restlessness on the part of the young bird, when somewhat
advanced in age and strength; the habit having been afterwards
improved, and transmitted to an earlier age. I can see no more
diffioulty in this, than in the unhatched young of other birds ac-
quiring the instinct to break through their own. shells ;—or than in
young st quiring in their upper jaws, as Owen has remarked,
o transitory sharp toofh for cutting through the tough egg-shell.
For if each part is liable to individual variations at all ages, and the
variations tend to bo inberited at a corresponding or earlier age—
‘propositions which cannot be disputed,—then the instincts and
structure of the young could be slowly modified as surely as those of
the adult; and both cases must stand or full together with the whols
theary of natural sclection.
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Some species of Molothrus, a widely distinct genus of American
birds, allied to our starlings, Lave parasitio habits like those of the
cuckoo; and the species present an interesting gradation in the per-
fection of their instinets.  The sexes of Molothrus badius are stated
by an excellent, obsrver, Mr. Hudson, sometimes to live promis-
cuously together in flocks, and sometimes to pair. They either
build a nest of their own, or seize on one belonging to some other
bird, occasiorally throwing out the nestlings of the stranger. They
cither lay their eggs in the nest thus appropriated, or oddly enough.
build one for themselves on the top of it. They usually sit on

it
the young of this species following old birds of o distinct kind
and clamouring to be fod by them. The parasitic habits of another
species of Molothrus, the M. bonariensis, are much moro highly
doveloped than those of the last, but are still far from perfect.
This bird, as far as it is known, invariably lays its eggs in the
nests of strangers; but it is remarkable that several together
sometimes commence to build an irregular untidy nest of their
X e o i s el
of a large thistle. They never, how Mr. Hudson
B . ey i
5 many eggs—from fifteen to twenty—in the same foster-nest,
that few or none can possibly be hatched. They bave, morcover,
the extraordinary habit of pecking holes in the eggs, whether of
their own species o of their foster-parents, which they find in the
appropriated nests. They drop also many eggs on the bare ground,
i aro i wastd. A thid spciss, the . peois of Noxth
America, has acquired instinots a3 perfect as those of the cuckoo,
for it never lays more than one egg in o foster-nest, so that the
young bird is securely rearcd. M. Hudson is a strong disbeliover
in evolution, but ho appears to have been so much struck by the
imperfect instincts of the Molothrus bonariensis that he quotes my
ind asks,  Must we consider these habits, not as especially
endowed or created instincts, but as small consequences of onc
g general law, namely, transition ?”
: Various birds, as has already been remarked, oceasionally lay
| their eggy in the nesis of other birds. This Labit is not very
| uncommon vith the Gallinacew, and throws some light on the
¢ singular instinct of the ostrich. In this family several hen-birds
x
/
»

unite and lay first a few eggs in one nest and then in another; and
these are hatched by the wales. This instinct may probably bo
accounted for by the fact of the hens lnying a large aumber of eggs,
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but, as with the cuckoo, at intervals of two or three days. The
instinet, however, of the American ostrich, as in the case of the Mol.
othrus bonariensis, has not as yet been perfected ; for a surprising
number of eggs lie strewed over the plains, so that in one day’s
hunting T picked up no less than twenty lost and wasted eggs.

Many hees aro parasitic, and regularly lay their eggs in the nests
of other kinds of bees. This case is more remarkable than that of
the cuckoo; for theso bees have not only had their instinots but
their structure modified in accordance with their parasitic habits;
for they do not possess the pollen-collecting apparatus which would
have been indispensable if they had stored up food. for their ovn

2. Some species of Sphegidm (wasp-like insects) are likewiso
parasitic ; and M. Fabro has lately shown good reason for believing
that, although the Tachytes migra generally makes its own burrow
and stores it with paralysed prey for its own larvas, yet that, when
this inseot finds a burrow already made and stored by another
sphex, it takes advantage of the prize, and becomes for the occasion
parasitic. In this case, as with that of the Molothrus or cuckoo, T
can see no difficulty in natural selection making an occasional habit
‘permanent, if of advantage to the speci if the insect whoso
nest and stored food are feloniously appropriated, be not thus exter-
minated.

Slave-making instinet—This remarkable instinct was first dis-
covered in the Formica (Polyerges) rufescens by Pierre Huber, a
etter cbserver even than his celebrated father. ~This ant is abso-
lutely dependent on its slaves ; without their aid, the species would
certainly become extinet in a single year, The males and fertile
females do 1o work of any kind, and the workers or sterile females,
shough most energetic and courageous in capturing slaves, do no
other work. They are incapable of making their own nests, or of
feeding their own larvie. 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 own larvee and pupe to stimulate them to work, they

id nothing; they conld not even feed themselves, and many perished
of hunger. Huber then introduced a single slave (F. fusca), and sho
instantly set to work, fed and saved the survivors ; made some cells
and tended the larva, and put all to rights. What can be more extra-
ordinary than these well-ascertained facts? 1f we had not known of
any other slave-making ant, it would have been hopeless to speculate
Liow so wonderful an instinct could have been perfected.
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Another species, Formica sanguinea, was likewise first discovered.
Ty P. Huber to be a slave-making ant. This specics is found in
the southern parts of England, and its habits have been attended
40 by Mr. F. Smith, of the British Museum, to whom T am much
indebted for information on this and other subjects. Although
fully trusting to the statements of Huber and Mr. Smith, I tried to
approach tho subject in a sceptical frame of mind, as any one may
well be excused for doubting the existence of 50 extraordinary an
instinct as hat of making slaves. Hence, I will give the obsorva-
tions which I made, in some little detail. I opened fourteen nests
of F. sanguinea, and found a fow slaves in all. Males and fertile
females of the slave species (F. fusca) are found only in their own
proper communities, and have never been observed in the nests of
F. sanguinea, The slaves are black and not above half the size
of their red masters, so that the contrast in their appearance is
great.  When the nest is slightly disturbed, the slaves occasionally
come out, and like their masters are much agitated and defend the
mest : when the nest is much disturbed, and the larve and pupas
aro exposed, the slaves work encrgetically together with their
masters in_carrying them away to a place of safety. Hence, it is
clear, that the slaves feel quite at home, During the months of
June and July, on three successive years, T watched for many hours
several nests in Surrey and Sussex, and never saw a slave cither
leave or enter anest. s, during these months, the slaves are very
fow in number, I thought that they might bebave differently when
more numerous; but Mr. Smith informs me that he has watched
the nests at various hours during May, June, and August, both in
Surrey and Hampshire, and has never seen the slaves, though
‘present, in large numbers in August, cither leave or enter the nest.
‘Hence he considers them as strictly household slaves. The masters,
on the other hand, may be constantly seen bringing in materials for
the nest, and food of all kinds. During the year 1860, however,
in the month of July, T came across a community with an unusually
largo stock of slaves, and I observed a few slaves mingled with
their masters leaving the nest, and marching along the same road
% a tall Scoteh-fir-tree, twenty-five yards distant, which they
ascended together, probably in search of aphides or cocci. According
to Huber, who had awple opportunities for observation, the slaves
in Svitzerland habitually work with their masters in making 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 habits of the
amasters and slaves in the two countries, probably depends merely
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on the slaves being captured in greater numbers in Switzerland
than in Englan 8 i

One day I fortumately witnessed a migration of F. sanguinea from
one nest to another, and it Was a most interesting spectacle to
behold the masters carefully carrying their slaves in their juws
instead of being carried by them, as in the caso of . rufescens.
Another day my attention was struck by about a score of the slave-
‘nakers haunting the same spot, and evidently not in search of
food 3 (liey approached and were vigorously repulscd by an inde-
pendent community of the slave-species (E. fusca); sometimes as
many as three of these ants clinging to the legs of the slave-making
T. sanguinea. The latter ruthlessly killed their small opponents,
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 pupa 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 victorions
in their late combat.

At the same time T laid on the same place a small parcel of th
pupe of another species, F. flava, with a few of these little yellow
ants still clinging to the fragments of their nest. This speoies is
sometimes, though rarely, made into slaves, as has been desoribed
by Mr. Smith. Although so small a species, it is very courageous,
and T have seen it ferociously attack other ants. In one instance
1 found to my surprise an independent community of T. 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 T. sanguinea could distinguish the
pupe: of F. fusea, 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 pupm of
T. fusca, whereas they were much terrified when they came across
the pupe, or even the earth from the nest, of F. flava, and quickly
san 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.

Ono ovening I visited another community of F. sanguines, and
found a number of these ants returning home and entering their
nests, carrying the dead bodies of F. fusca (showing that it was not
a migration) and numerous pupe. I traced o long file of ants
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burthened with booty, for about forty yards back, t0 a very thmk
clump of heath, whence I saw the last individual of F.

emerge, carrying a pupa; but I was not able to find the demhwd
nest in the  thick heath. The nest, however, must have been close
at hand, for two or three individuals of F. fusca were rushing about
in the greatest agitation, and ono was perched motionless with its
own pupa in its mouth o Lhe top of o spray of heath, an image
of dospair over its ravaged

Such are the facts, Lhouvh they did ot neod confination by s
in regard to the wonderful instinct of making slaves. Lt it
observed what & contrast the iustinctive habits of F. szmguincn
present with those of the continental F. rufescens. ~The latter does
d its own nest, does not determine its own migrations, does
ot collect, food for itself or its young, and cannot even feed itself :
it is absolutely dependent on its numerous slaves. Formica san-
guinea, on the other hand, possesses much fower slaves, and in the
carly 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 caro of the larvee,
and the masters alone go on slave-making expeditions. In Switzer-
lund the slaves and masters work together, making and bringing
materials for the nest; both, but chiefly the slaves, tend, and
milk, as it may be called, their aphides; and thus both collect
food for the community. In England the masters alone usually
Teavo the nest to colleot building materials and food for themselves,
their slaves and larvae. S0 that the masters in this country receive
much loss sarvice from their slaves than they do in Switzerland.

By what steps the instinct of . sanguinea originated I will not
pretend to conjecture. But as ants, which are not slave-makers
will, as T have seen, carry off the pupe of other species, if seattered:
near their nests, it is possiblo that such pup originally stored as
food might become developed ; and the foreign ants thus uninten-
tionally reared would then follow their proper instincts, and do what
work they could. If e s oG TR
which bad seized them —if it were more advantageous to this
spocin to captre workers tha . prosrate thomethe habit =
collecting pupe, originally for food, might by natural sele
strengthened and rendered permanent for the very difforent purposu
of raising slaves. When the instinct was once acquired, if carried
out to a much less extent even than in our British F. sanguinea,
which, a3 we have scan, is less aided by its slaves than the same
species in Switzerland, natural selection might increase and modify
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the instinct—always supposing each modification to be of use to the
species—until an Tt was formed as abjectly dependent. on its
slaves as is the Formica rufescens.

Cell-maling instinct of the Hive-Beo.—I wil mot here enter on
minute dotails on this subject, but will merely give an outline of
tho conclusions at which I have arrived. Ho must b a dull man
who can examine the exquisite structure of a comb, 5o beautifully
adapted toits end, without enthusiastio admiration. ~ We hear from
‘mathematicians that bees have practically solved a recondite pro-
blem, and have made their cells of the proper shape to hold the
greatest, possible amount of honey, with the least possible con-
sumption of precious wax in their construction. It has been re-
marked that a skilfal workman with fitting tools and measures,
would find it very difficult to make cells of wax of the true form,
though this is effected by a crowd of bees working in a dark hive.
Granting whatever instinots you please, it seems at first quite
inconceivable how they can make all the necessary angles and
planes, or even perceive when they are correotly made. But the
difficulty s not nearly so great as it at first appears: all this
‘beautiful work can be shown, I think, to follow from a few simple
instincts.

Twas led to investigate this subject by Mr. Waterhouse, who has
shown that the form of the cell stands in close relation to the
presence of adjoining cells; and the following view may, perhaps,

considered. only as a modification of his theory. Let us look
10 the great principle of gradation, and see whether Nature does
2ot reveal to us her method of work, At one end of a short 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 s0 s to join an inverted
pyramid, of threo rhombs. These rhombs have certain angles, and
the three which form the pyramidal 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 humble-bee we have the cells of the Mexican
Melipona domestica, carefally described and figured by Pierro Huber.
The Melipona itself is intermediate in structure between the hive
and humble bee, but more nearly related to the latter; it forms &
‘nearly regular waxen comb of eylindrical cells, in which the young
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are hatched, and, in addition, some largo cells of wax for holding
honey. These lattcr cells aro nearly spherical and of nearly equal
sizes, and are aggregated into an irregular mass.  But the im-
‘portant point to notice is, that these cells are always made at that
degree of nearness to each other that they would have intersccted
or broken into cach other if the spheres had been completed; but
this is never permitted, the bees building perfectly flat walls of wax
between the spheres which thus tend to intersect. Hence, cach cell
consists of an outer spherical portion, and of two, three, or more flat
surfaces, according as tho cell adjoins two, three, or moro other
cells. When one ccll rosts on threo other cells, which, from the
spheres being nearly of tho same size, is very frequently and neces-
sarily the case, tho threo flat surfaces are united into a pyramid;
and this pyramid, as Huber has remarked, is manifestly a gross imi-
tation of the three-sided pyramidal base of the cell of the hive-bee.
As in the cells of tho hivo-bee, 5o here, the three plane surfaces in
any one cell necessarily enter into the construction of three adjoin-
ing cells. It is obvious that the Melipona saves wax, and what
is more important, labour, by this manner of building; for tho flat
walls between the adjoining cells are not double, but are of the
samo thickness as the outer spherical portions, and yet each flat
‘portion forms a part of two cells.

Reflecting on_ this case, it occurred o me that if the Melipona
had made its spheres at some given distance from each other, and.
had made them of equal sizesand had arranged them symmetrically
in a double layer, the resulting structuro would have been as per-
foct 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 o number of equal spheres be described with their centres
placed in two parallel layers ; with the centre of cach sphere at the
distanco of radius x 4/ 2, or radius x 141421 (or a some lesser
distance), from the centres of the six surrounding spheres in the
sumo layer; and at the samo distance from the contres of the ad-
Joining spheres in the other and parallel layer; then, if planes of
intersection between the several spheres in both layers bo formed,
there will result a double layer of hexagonal prisms united together
Dy pyramidal bases formed of threo rhombs; and the rhombs and
the sides of the hexagonal prisms will have every angle identically
the same with the best measurements which have been made of tho
cells of the hive-bee. But I hear from Prof. Wyman, who has.
made numerous careful measurements, that the accuracy of the
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workmanship of the bee has been greatly exaggerated ; so much s,
that whatever the typical form of the cell may be, it is rarely, if
ever, realised. A = 2

Hence we may safely conclude that, if we could slightly modify
the instincts already possessed by the Melipona, and in themselves
Dot very wonderful, this bee would make a structure as wonderfully
perfect as that of the hive-bec. We must sappose the Melipona fo
Tave the power of forming her cells truly spherical, and of equal
sizes; and this would not be very surprising, seeing that she already
does 50 to a certain extent, and sceing what perfectly cylindrieal
‘burrows many insects make in wood, apparently by turning round
ona fixed point. We must suppose the Melipona to arrange her
cells in level Iayers, as she already does her cylindrical cells; and
we must further suppose, and this is the greatest difficulty, that

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
describes her spheres 50 s to intersect to a certain extent; and then
she unites the points of interscction by perfectly flat surfaces. By
such modifications of instincts which in themselves are mot very
wonderful,—hardly more wonderful than those which guide a
bird to make its nest,—I believe that the hive-bee has acquired,
throngh natural selection, her inimitable architectural powers,

But this theory can be tested by experiment. Following the
example of Mr. Tegetmeier, T separated two combs, and put between
them a long, thick, rectangular 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 observe 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 (i . abont 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
1o excavate, and began to build up flat walls of wax on the lines of
intersection betwween the basins, so that each hexagonal prism was
built upon the scalloped edge of a smooth basin, instead of on the
straight edges of & three-sided pyramid as in the case of ordinary
cells,

1 then put into the hive, instead of a thick, rectangular piece of
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wax, a (hin 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 o thin, that the bottoms of the basins, if they had been exca-
vated to the same depth as in the former experiment, would have
broken into cach 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, s soon as they had been a little
& , came to have flat bases ; and these fiat bascs, formed. by
thin litle plates of the vermilion wax left ungnawed, were situated,
as far as the eye could judge, exactly along the planes of imaginary
intersection between the basins on the opposite sides of the ridge
of wax. In some parts, only small portions, in other parts, large
portions of @ rhombic plate were thus left between the opposed
‘basius, but the work, from the unnatural state of things, had not
becn neatly performed. The bees must have worked at very
nearly the same rate in circularly gnawing away and deepening
the basins on both sides of the ridge of vermilion wax, in order to
have thus succeeded in leaving flat plates between the basins, by
stopping work at the planes of intersection.

Considering how flexible thin wax is, T do not sco 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 mo that the bees do not always succeed in work-
ing 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 slightly concave on one side, where I suppose that the

ad excavated. too quickly, and convex on the opposed sido
where the bees had worked less quickly. In one well marked
instance, T put the comb back into the hive, and allowed the bees
10 g0 on working for a short time, and again examined the cell, and
1 found that the rhombic plate had been completed, and had become
perfeclly flat : it was absolutely impossible, from the extreme thin-
ness of the litle plate, that they could have effected this by guawing
away the convex sido; and 1 suspect that the bees in such cases
stand on oppasite sides and push and bend the ductile and warm
wax (which as I have tried is easily done) into its proper inter-
mediate plane, and thus fatten it,

‘rom the experiment of the ridge of vermilion wax we can see
that, if the bees were to build for themselves . 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,
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and by endeavouring to make equal spherical hollows, but never
allowing the spheres to break into each other. Now bees, as may
bo clearly scen by examining the edge of a growing comb, do make
a rough, circumferential wall or rim all round the comb; and they
snaw this away from the opposite sides, always working ciroularly
2s they decpen each cell. They do not malke the wholo three-ided
pyramidal_baso 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 rhombio plates, until the hexagonal walls aro
commenced. Some of these statements differ from those made by
the justly celebrated elder Fluber, but I am convinced of their
accuracy; and if 1 had space, T could show that they are conformabla
with my theory.

Huber's statement, that the very first cell is excavated out of &
litlo parallel-sided wall of was, is not, as far as I have seen, strictly
correct ; the first commencement having always been a little hood
of wax ; but I will not here enter on details. We see how important
a part excavation plays in the construction of the cells; bus it
would be a great error to suppose that the bees cannot build upa
rough wall of wax in the proper position—that is, along the plan
of intersection between two adj spheres. T have several spe-
cimens showing clearly that they can do this. Even in the ruds
circumferential tim or wall of wax round a growing comb, flexures
‘may sometimes bo observed, corresponding in position to the planes
of the thombic basal plates of future cells. But the rough wall of
wax has in every case to be finished off, by being largely guawed
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. Wo shall thus have o thin
wall steadily growing upward but always crowned by a gigantio
coping. From all the cells, both those just commenced and thoso
completed, being thus crowned by a strong coping of wax, the bees
can cluster and orawl over the comb without, injuring the delicato
hexagonal walls. These walls, as Professor Miller hs kindly ascer-
tained for me, vary greatly in thickness; being, on an average of
twelve measurements made near the border of the comb, yky of 8B
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inch in thickness; whereas the basal rhomboidal plates aro thicker,
nearly in the proportion of three to two, hn ving a mean thickness,
from twenty-one measurements, of 7 o

singular manner of building, strength is wlmmully given to the
comb, with the utmost ultimate economy of wax.

It seems at first to add to the dificulty of understanding how
the cells are made, that a multitude of becs all work together; one
‘bee after working a short time at one cell going to another, so that,
as Huber has stated, a score of individuals work even at the com:
‘mencement of tho first cell. T was able practically to show this
fact, by covering the edges of the hexagonal walls of a single cell,
o the extreme margin of tho circumferential rim of a growing
comb, with an extremely thin layer of melted vermilion wax ; and
1 invariably found that the colour was most delicately diffused by
the bees—as delicatoly as a painter could have dono it with his brush
by atoms of the coloured wax having been taken from the spov
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 mmmnvcly mnumn at
the same relative distanco from each other, al cop equal
spheres, and then building up, or leaving \\ngnnwed s ‘planes of
intersection between these spheres. Tt was really curions to note
in cases of difficulty, 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 beos 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 caso tho
bees can lay the foundations of one wall of a new hexagon, in its
strictly proper place, projecting beyond the other completed celle.
1t sufices that the bees should be enabled. to stand at their proper

istances from each other and from the walls of the last
completed cells, and then, by striking imaginary spheres, they can
buld up & wal termolite beiween two adjoining spheres; bty

as T have seen, they never gnaw away and finish off the
Sigles of s ol sl large art both of that cell and of the adjoin-
ing cells has been built, his capacity in bees of laying down
under certain circumstances a rough wall in its proper place between
two just-commenced cells, is important, as it bears on a fact, which
scems at first subversive of the foregoing theory ; namely, that the
cells on the extreme margin of wasp-combs are soumetimes strictly

<
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hexagonal; but T 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 threo cells com-
menced at the same time, always standing at the proper relative
distance from the parts of the cells just begun, sweeping spheres or
eylinders, and building up intermediate planes. 5

As natural selection acts only by the accumulation of slight
‘modifications of structuro or instinct, each profitable to the indi-
vidual under its conditions of life, it may reasonably be asked, how
a long and graduated succession of modified architectural nstinets,
all tending towards the present perfect plan of construction, could
have profited the progenitors of the hive-bee? T think the answer
i mot difficult: cells constructed like those of the bee or the wasp
gain in strength, and save much in labour and space, and in the
materials of which they are constructed.  With respect to the for-
‘mation 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 &
pound of wax; so that a prodigious quantity of fluid nectar must
be collected and consumed by the bees in & hive for the secretion
of the wax necessary for the construction of their combs, More-
over, many bees have to remain idle for many days during the
process of secretion. A large store of honey is indispensablo o
support a large stock of bees during the winter; and the security
of the hive is known mainly to depend on a large number of bees
heing supported. Hence the saving of wax by largely saving honey
and the time consumed in collecting the honey must be an import-
ant clement of success to any family of bees. ~Of course the success
of the species may be dependent on the number of its enemies, or
parasites, or on quite distinct causes, and so be altogether inde-
pendent of the quantity of honey which the bees can collect, But
et us suppose that this latter circumstance determined, as it pro-
bably often has determined, whether a beo allied to our humble-
ees could exist in large numbers in any country; and leb us
further suppose that the community lived through the winter, and
consequently required a store of honey : there can in this case be
1o doubt that it would be an advantage to our imaginary humble-
bee, if a slight modification in her instincts led her to make her
waxen cells near together, 50 as to_intersect a littlo; for a wallin
comimon even to two adjoining cells would save some little labotr
and wax. Hence it would continually be more and more advai=
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tageous to our humblo-bees, if they were to make their cells moro
‘and more regular, nearer together, and aggregated into a mass, like
the cells of the Melipona ; for in this case a large part of tho
bounding surface of each cell would serve to bound the adjoining
oclls, and much labour and wax would be saved. Again, from the
same cause, it would be advantageous to the Melipona, if she were
to make her cells closer together, and more rogular in every way
than at present ; for then, as we have seen, the spherical surfaces
would wholly disappear and be replaced by plane surfaces ; and the
Melipona would make a comb as perfect as that of the hive-bee.
Beyond this stage of perfection in architecture, natural selection
conld not lead ; for the comb of the hive-bee, as far as we can see,
is absolutely perfect in economising labour and wax.

Thus, as 1 believe, the most wonderful of all known instincts,
that of the hive-bee, can be explained by natural sclection having
taken advantage of numerous, successive, slight modifications of
‘simpler instinots; 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 intersection; the bees, of

‘more knowing that they swept their spheres at one par-
ticular distance from each other, than they know what are the
several angles of the hexagonal prisms and of the basal rhombic
plates; the motive power of the process of natural sclection having
‘been the construction of cells of due strength and of the proper
size and shape for the larva, this being effected with the greatest
possible economy of labour and wax ; 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 trans-
mitted their newly-acquired economical instincts to new swarms,
‘which in their tum will have had the best chance of succeeding in
the struggle for existence.

Objections to the Thieory of Natural Selection as applied to Tustincts
Neuter and. Sterdle Insects.

1t has been abjected to the foregoing view of the origin of instincte
that  the variations of structuro and of instinct must have been
simultancous and acourately adjusted fo cach other, as a modifica-
tion in the one without an immediate corresponding change in the
other would have been fatal” The forco of this objection rests
entirely on the assumption that the changes in the instincts and
structure are abrupt. To take as an illustration the case of the
larger titmouse (Parus major) alluded to in a previous chapter:

Q2
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this bird often holds the secds of the yew between its fect ona
branch, and hammers with its beak till it gots at the kemel. Now
what special diffculty would there be in natural slection preserving
all the slight individual variations in the shape of the beak, which
wero better and better adapted to break open the seeds, until a
Teak was formed, as well constructed for this purpose as that of
the nuthatch, at the same time that habit, or compulsion, or spon-
taneous variations of taste, led the bird to become more and more.
of a seod-cater? In this case the beak is supposed to be slowly
modified by natural selection, subsequently to, but in accordance
with, slowly changing habits or tasto; but let tho feet of the tit-
mouse vary and grow larger from correlation with the beak, or
from any other unknown cause, and it is not improbable that such
Targer fect would lead the bird to climb more and more until it
acquired tho remarkable climbing instinct and power of the nut-
hatch. In this a gradual change of structure is supposed to
Lead to chavged instinctive habits. To take ono more case: few
instincts are more remarkable than that which leads the swift of
the Eastern Islands to make its nest wholly of inspissated saliva,
Some birds build their nests of mud, believed to be moistencd with
saliva; and one of the swifts of North America makes its nest (as
1 have seen) of sticks agglutinated with saliva, and even with flakes
of this substance. Is it then very improbable that the natumal
selection of individual swifts, which secreted more and more saliva,
should at last produce a species with instincts leading it to neglect
other materials, and to make its nest exclusively of inspissated
saliva? And so in other cases. It must, however, be admittel
that in many instances we cannot conjecturs whether it was instinct
or structure which first varied.

No doubt many instinets of very difficult explanation could te
opposed to the theory of natural selection—cases, in which wo cati
not see how an instinct could have originated; cases, in which 1o
intermediate gradations are known to exist; cases of instinct of
such trifling importance, that they could hardly have been acted on
by natural selection ; cases of instincts almost identically the same
in animals 50 remote in the scale of nature, that wo cannot account
for their similarity by inheritance from a common ‘progenitor, and
consequently must believe that they were independently aoquired
through 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 the whole theory.
T allude to the peuters or sterile females in inseot-communitios:
for theso neuters often differ widely in instinct and in structure
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from both the males and fertile females, and yet, from beiug sterile,
they caunot, 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 r sterilo ants.
How ho workers have been rendered sterilo is a diffculty ; but not
‘much greater than that of any other striking modification of struc-
ture; for it can be shown that some insects and other articulate
animals in a state of nature occasionally become sterile; and if
such inseats had boen social, aod it had been profitable to the com-
munity that a number should have been annually born capable of
work, but incapable of procreation, T can see 1o especial difficulty
in this having been effccted through natural selection. But T 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
eing destitute of wings and sometimes of eyes, and in instinct.
As far as instinct alone is concerned, the wonderful difference in
<his respect, botween the workers and the perfect fomales, would
Tave been better exemplified by the hive-bee. If a working ant or
other neuter insect had been an ordinary animal, I should have
unhesitatingly assumed that all its characters had been slowly
acquired through natural selcotion ; namely, by individuals having
Teen born with slight profitable modifications, which were inherited
Dy the offspring; and that these again varied and again wero
selected, and so onwards. But with the working ant we have an
insect difeing greatly from its parents, yet absolutely ste
that it could never have transmitted successively acquired modxﬁca-
tions of structure or instinet to its progeny. 1t may well be asked
How is it possible to reconcile this case with the theory of natural
selection ?

First, let it be remembered that we have innumerable instances,
Doth in our domestic productions and in those in a state of nature,
of all sorts of differences of inherited structure which are correlated
with certain ages, and with either sex. We have differences corre-
Iated not only with one sex, but with that short period when tho
Teproductive system is active, as in the nuptial plumage of many
birds, and in the hooked jaws of the male salmon. We have even
light diferences in the horns of different, breeds of cattlo i ela-
ton to an avtifially fuperfct sfate of tho malo scx;, for osen of

reeds have longer horms than the oxen of other breeds,
rehu\ ely to the length of the horns in both the bulls and cows of
these same breeds. Hence I can see no great difficulty it any
character becoming correlated with the sterile condition of certain

Danwin Online: By permission of the Trustees of the Natural History Museur
(London).



230 Obyjections to the Theory Cuar. VI

it liesin. i
;‘ﬂo‘i:'“';f’“‘:h‘“;o"e‘awd ‘modifications of structure could have been
slowly acoumulated by natural selection. 3

This difficulty, though appearing insuperable, is lessened, or, as
1 believe, disappears, when it is remembered that selcotion may b
applied to the family, as well a5 fo the individual, and may thus
gain the desired end.  Breoders of cattle wish the flesh and fat to
e well marbled together : an animal thus characterised has been
slaughtered, but the breeder has gone with confidence to the same
stock and has succeedod. Such faith may be placed in the power
of selection, that a breed of cattle, always yielding oxen with extra-
ordinarily long horns, could, it is probable, be formed by carefully
watohing which individual bulls and cows, when matched, produced
oxen with the longest horns; and yet no one ox would ever have:
propagated its kind. Here is a better and real illustration : accord~
ing to M. Verlot, some varieties of the double annual Stock from
having been long and carefully selected to the right degree, always.
produce a large proportion of seedlings bearing double and quito
sterilo flowers; but they likewise yield some single and fertile
plants. These latter, by which alone the varicty can be propagated,
may be compared with the fertilo malo and female ants, and the-
doublo sterilo plants with the neuters of the same community,
As with the varieties of the stock, so with social insects, selection
has beon applied to the family, and not to the individual, for the
sake of gaining a serviceable end. Hence we may conclude that
slight modifications of structure or of instinct, correlated with the
sterilo condition of certain members of the community, have proved
advantageous : consequently the fertile males and females have
flourished, and transmitted to their fertilo offspring o tendency o
produce sterile members with the same modifications, This pro-
cess must have been repeated many times, until that prodigious
amount of differenco between the fertilo and sterile females of the
samo species has been produced, which wo see in many social
insects,

Bt wo have not s yot touched on the climas of the diffcultys
amely, the fact that the neuters of several ants difer, not only
from the fertile fomales and males, but from each other, sometimes
o an almost incrediblo degree, and are thus divided into e or sven.
three custes, Tho castes, morcover, do ot commonly geadonte
into cach.other, but are porfetly well dofined being At
from each other a are any two specie of tho sano g, or st
88 any two genora of the same fumily. Thus in Kejtey, shors st
working and soldier nenters, with jaws and insincts extruondimarily-
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different. in Cryptocerus, the workers of one caste alono cary a
wonderful sortof shield on their heads, the use of which is quite
unknown: in the Mexican Myrmecocystus, the workers of ono
caste never leave the nest ; they are fed by tho workers of another
caste, and. they have an cnormously developed abdomen which
sceretes a sort. of honey, supplying the place of that exoreted by tho
aphides, or the domestic caitle as they may b called, which our
European ants guard and impri

1t will indeed bo 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 the
theory. In the simpler case of neuter insects all of one caste,
which, as I believe, have been rendered different from the fertile
males and females through natural selection, we may conclude from
the analogy of ordinary variations, that the successive, slight, pro-
fitable modifications did not first arise in all the neuters in the same
nest, but in somo few alone; and that by tho survival of the
communities with fomales which produced most neuters having
the advantageous modification, all the neuters ultimately came to
be thus characterised. ~ According to this view we ought occasion=
ally to find in the same nest nenter insects, presenting gradations
of structur; and this we o find, even not rarely, considering how
few neuter insects out of Europe have been carefully cxnmmm\.
Mr. X', Smith has shown that the neuters of several British
differ surprisingly from each other in size and sometimes in mlo\n‘
and that the extreme forms can bo linked togother by individuals
taken out of the same nest: I have myself compared perfect
gradations of this kind. 1t sometimes happens that the larger or
the smaller sized workers are the most numerous; or that both
large and small are numerous, whilst those of an infermediate size
are scanty in numbers. Formica flava has larger and smaller
workers, with some fow of intermediate size; and, in
a3 Mr. I Smith has observed, the largor worke
(oclli), which though small can be plainly distinguished, whercas
the smaller workers have their ocelli rudimentary. = Having
carefully dissccted several specimens of these workers, I can afirm
that the eyes are far more rudimentary in the smaller workers than
can be accounted for merely by their proportionally lesser size ; and
1 fully believe, though 1 dare not assert so positively, that the
workers of intermediate size have their ocelli in an exactly inter-
mediate condition, So that here we have two bodies of sterile
workers in the same nest, differing not only in size, but in their
organs of vision, yet connected by somo fow members in an inter-
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mediato condition. I 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
moro and more of the smaller workers, until all the workers wers
in this condition; we should then have had a specics of aut with
neuters in nearly the same condition as those of Myrmica. For
the workers of Myrmica have not even rudiments of ocelli, though
the male and female ants of this genus have well-developed ocelli,

‘may give one other case : so confidently did I expect occasion-
ally to find gradations of important structures between the differens
castes of neuters in the samo species, that I gladly availed myself
of Mr. F. Smith's offer of numerous specimens from the same
nest of the driver ant (Anomma) of West Africa. Tho reader will
perhaps best appreciate the amount, of difference in these workers,

\y giving not the actual measurements, but a strictly accurate
illustration : the difference was the same as if we were to sco a st
of workmen building a house, of whom many were five feet four
inches high, and many sixteen fect high ; but we must in addition
suppose that the larger workmen had heads four instead of three
times as big as those of the smaller men, and jaws nearly five
times as big. The jaws, moreover, of the working ants of the
several sizes differed wonderfully in shape, and in the form and
number of the teeth. But the important fact for us is,
though the workers can be grouped into castes of different sizes,
yet they graduate insensibly into each other, as docs 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. ~r. Bates, in his interesting ¢ Naturalist on the
Amazons, has desoribed analogous cases.

With these facts before me, I belicve that natural selection, by
acting on the fertile ants or parents, could form a species which.
should regularly produce neuters, all of large size with one form
of jav, or all of small size with widely differcnt jaws; or lastly,
and this is.the climax of difficulty, one set of workers of one §izo
and structure, and simultancously another set. of workers of a dif-
ferent size and structure;—a graduated series having first been.
formed, as in tho caso of the driver ant, and then the extreme
forms having been produced in greater and greater nubers, through.
the survival of the parents which generated them, uutil none with
an intermediate structure were produced.

An analogous explanation bas been given by Mr. Wallace, of
the equally complex case, of cortain Malayan Butterflies regularly

e
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appearing under two or even three distinet female forms; and by
‘Fritz Milller, of certain Brazilian erustaceans likewise appearing
A A ket i s But this subject need not
Bere be discuss

1 have now axplamed how, as I believe, the wonderful fact of
two distinetly defined castes of sterile workers existing in_ the
same nest, both widely different from each other and from their
parents, has originated. We can sce how useful their production
may have been to a social community of ants, on the same principlo
that the division of labour is useful to civilised man. Ants, how-
ever, work by inherited instincts and by inherited organs or tools,
whilst man works by acquired knowledge and manufuctured iustru-
ments. But T must confess, that, with all my faith in natural
selection, I should never have anticipated that this principle could
have been effcient n 5o high a degree, had not the case of these neuter
insects led me to this conclusion. I have, therefore, discussed this
case, at some little but wholly insuficient length, in order to show
the power of natural selection, and likewise because this is by far the
most serious special difficulty which my theory has encountered.
“Uho case, also, is very interesting, as it proves that with animals, as
with plants, any amount of modification may be effected by the
accumulation of numerous, slight, spontancous variations, which
are in any way profitable, without exercise or habit having been
brought into play. For peculiar habits confined to the workers or
sterile females, however long they might be followed, could not
possibly affect the males and fertile females, which alone leav
descendants. T am surprised that no one has hitherto advanced
this demonstrative case of neuter insects, against the well-known
doctrine of inherited habit, as advanced by Lamarck.

Summary.
have endeavoured in this chapter briefly to show that the
‘mental qualities of our domestic animals vary, and that the varia-
‘tions are inherited. Still more briefly I have attempted to show
that instinets vary slightly in a state of nature. No one will dis-
pute that instincts are of the highest importanco to each animal.
“Therefore there is no real diffculty, under changing conditions o life,
in el selecton soeuualaing io any extens slight modifications
of t which are in any way In many cases habit or
use and d\s\lse ave probably come into p]ny 1 do not pretend
that the facts given in r.lns chapter stre: in any great dogree
my theory ; but none of the cases of dnﬂmu\ty, to the best of my
judgment, annihilate it. On the other hand, the fact that instincts
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are not always absolutely perfect and are lisble to mistakes i—that
10 istinct can be shown to have been produced for the good of
other animals, though animals take advantage of the instincts of
others ;—that the canon in natural history, of “ Natura non facit
saltam,” is applicable to instincts as well a8 to corporeal structure,
and is plainly oxplicable on the foregoing views, but is others
wise inexplicable,—all tend. to corroborate the. theory of matural
selection..

This theory is also strengthened by some few other facts in
Tegard to instincts; as by that common case of closely allied, but
distinct, specics, when inhabiting distant parts of the world and
living under considerably different conditions of life, yet often.
retaining nearly the same instincts. Tor instance, we can unde
stand, 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 Hombills of
Africa and India have the same extraordinary instinet of plastering

up and imprisoning the females in a holo in a trec, with only &
small holo left in the plaster through which the males feed. o
and their young when hatched ; how it is that tho malo wrens
(Troglodytes) of North America build “cock-nests,” to roost i,
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 to my imagination it is far more satisfactory o look at such
instincts as the young cuckoo ejecting its foster-brothers,—ants
making slaves,—tho larvo of ichneumonidm feeding within the
live bodies of caterpillars,—not as specially endowed or created
instinots, but as small consequences of one general law leading to
the advancement of all orzanic beings,—namely, multiply, varys
let the strongest live and tho weakest di
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CHAPTER IX.

Hysmipisu.

Distinctin tatwen the ity of first crosses and of hybrids — Steril
jous.

Fertility of varieties when crossed and of th ipring not
universal — Hybrids and mongrels compared independently of their
fortlity — Summary.

s vew oncely ntetained by uaualit s it spsion when
intererossed, have been specially endowed with sterility, in order to.
prevent their confusion. This view ccrmnly scems at first highly
probable, for species living together could hardly have been kept
distinct had they been capablo of freely crossing. The subject is
in many ways important for us, more especially as tho sterility of
specin when s crossed, and.thatof thir bybrid ofspring, ot
 been_ acquired, as 1 shall show, by the preservation of s

omsivo proftable degeees of sterility. " I s an incldental renclt of
differences in the reproductive systems of the parent-specics.

In treating this subject, two classes of facts, o a large extent
fandamentally different, have generally been confounded ; namely,
the sterilty of species when first crossed, and the sterility of the
Dybrids produced from them.

Pure species have of course their organs of Teproduction in a per-
fect condition, yet when intercrossed they produce cither few or no.
offspring. Hybrids, on. the other hand, have their reproductive
orguns 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
roveals.  In the first case the two sexual elemaents which go to form
the embryo are perfect ; in the second case they are either not at all
developed, or are imperfectly developed. This distinction is im=
portant, when the cause of the sterility, which is common to the
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o cass, b to bo considered, The distinetion peckalily Bas IS
slurred over, owing to the sterility in both cases being looked on ag
a special endowment, beyond the province of our reasoning powers,

“The fertlity of varictics, that is of the forms known or believed
40 be descended from common arents, when crossed, and likewiso
the fertility of their mongrel offspring, is, with reference to my
theory, of equal importance with the sterility of species; for it
scems to make a broad and clear distinction between variotics and

species.
Degrees of Sterility.—First, for the sterility of species when
erossed and of their hybrid offspring. It is impossible to study the
several memoirs and works of thoso two conscientious and admirabls
observers, Kolreater and Girtner, who almost devoted their lives to
this subject, without being deeply impressed with the high gene-
vality of some degree of sterility. Kolreuter makes the rule
universal ; but then he cuts the knot, for in ten cases in which he
found two forms, considered by most authors as distinct, specics,
quite fertile lnr'elher, he unhesitatingly ranks them as varieties.
Giirtner, also, makes ¢ equally universal; and he dispates
tho entio farlity o nter's ton cases. But in theso and in
many other cases, Girtner is obliged carefully o count the seods,
in order to show that there is any degree of sterility. Ho always
<compares the maximum number of seeds produced by two speties
when first crossed, and the maximum produced by their hybrid
offspring, with the average number produced by both pure parent-
species in a state of nature.  But causes of serious error here inter-
vene: a plant, to be hybridised, must be castrated, and, what is
often more important, must be secladed in order to provent pollen
Teing brought to it by insects from other plants. Nearly all the
Blants experimented on by Gitacr wero potod, and wero ke a8
mber in. bis house. That these processes are often injurious 0

Sho forility of a plant cannot, be duulm;d for Giirtner gives in his
tablo about o scoro of cases of lants which he castrated, il
artifclally frtilsed. with thele ows pollen, and (exeluding all cits
such as the Leguminoste, in which there is an acknowledged diff-
culty in the manipulation) half of these twenty plants had their
fertility in some degree impaired. - Moreover, as Girtner repeatedly
crossed some forms, such as the common red and blue pimperacls
(Anagallis arvensis and ceerulea), which the best botanists rank a5
varicties, and found them absolutely sterile, we may doubt whether
many species are really so sterile, when intercrossed, as he believed:
1t is cartain, on the one hand, that the sterility of varions species
when crossed i 8o different in degree and graduates away 0 i
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sensibly, and, on the other hand, that the fertility of pure species
is 80 casily affected by varions circumstances, that for all practical
‘purposes it is most difficult to say where perfect fertility ends and
sterility begins. . I think no etter evidence of this can bo required
than that the two most experienced observers who have ever lived,
namely Kolreuter and Girtner, arrived at diametrically opposito
conclusions in regard to some of the very samo forms. Tt is also
‘most instructive to cnmp.m—m T have not space here to enter on
details—the evidence advanced by our best botanists on the question
‘whether certain doubtful forms should be ranked as species or
varicties, with the evidenco from fertility adduced by different
Dybridisers, or by the same observer from experiments made during
different years. It can thus bo shown that neither sterility nor
fertility affords any certain distinction betuween species and varieties.
"The evidence from this source graduates away, and is doubtful in
the same degreo as is tho evidence derived from other constitutional
and stroctural differences.

Tn regard to the sterility of hybrids in successive gencrations ;
though Girtner was enabled to rear some hybrids, carefully guard-
ing them from a cross with either pure parent, for six or seven, and
in one case for ten generations, yet he asserts pasitively that their
fertility never increases, but generally decreases greatly and sud-
denly. With respect to this decrease, it may first be noticed that
when any deviation in structure or constitution is common to both
parents, this is often transmitted in an augmented degree to the
offspring ; and both sexual clements in hybrid plants are already
affected in some degree. But I believe that their fertility has been
diminished in nearly all these cases by an independent cause,
namely, by too close interbreeding. T have made so many experi-
ments and collected so many facts, showing on the one band that
an occasional cross with a distinct individual or varicty increases
the vigour and fertility of the offspring, and on the other band that
very close interbreeding lessens their vigour and fertility, that T
cannot doubt the correctness of this conclusion, ~ Hybrids are seldom:
maised by experimontalists in great numbers; and as the parent-
species, or other allied hybrids, generally grow in the same garden,
the visits of insects must bo carefully prevented during the flowering
genson: hanon ylrid, if Lt to themselves, wil generally be
fertil \g each generation by pollen from the same flower;
40 1 ol ‘probably be injurious to their fertility, already
lessened by their hybrid origin. I am s{rcnnﬂ.mned in this con-

ion by a remarkable statement repeatedly by Grtner,
namely, that if even the less fertile hybrids be nmfemlly fertilised.
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with hybrid pollen of the sume kind, their fertility, nutmmma.ng
the frequent il cffects from manipulation, sometimes decidedly
increases, and goes on increasing. Now, in the process s of atibin
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 itsel which is to be fertilised; 5o that a cross
Detween two flowers, though probably often on the same plant,
would be thus effected. Moreover, whenever complicated experi-
in progress, so carcful an observer as Géirtner would have
castrated his hybrids, and. this would have ensured in each genera-
tion a cross with pollen from a distinct flower, either from the samo
plant or from another plant of the same hybrid nature. And thus
the strango fact of an increase of fertility in the successive genora-
tions of artificially fertilised hybrids, in contrast with those
spontancously self-fertilised, may, as T believe, be accounted for by
100 close interbreeding having been avoided.

Now let us turn to the results arrived at by a third most experi-
enced hybridiser, namely, the Hon. and Rev. W. Herbert. He is
a3 emphatic in his conclusion that some hybrids are perfectly fertle
—as fertile as the pure parent-species—as are Kolrenter and Girtner
that some degree of sterility betiween distinct species is a universal
-aw of nature, He experimented on some of the very sume spacies
as did Gartner. The difference in their results may, I think, bein

art accounted for by Herberts great sl skill, and by his
having hot-houses at his command. Of his many important state-
ments 1 will here give only a single one as an example, namely,
that “every ovule in a pod of Crinum capense fertilized by C.
revolutum produced a.plant, which T never saw to oceur in a case
of its natural fecundation.” So that here we have perfect or even
more than commonly perfect fertility, in a first cross between two
distinct specics.

This case of the Crinum leads me to refer to a singular fact,

, namely, that individual plants of certain species of Lobelia, Ver-
Tasur Passifiora, can easily be fertilised by pollen from &
distinet specics, but not by pollen from the same plant, though this
pollen can be plnved to be perfectly sound by fertilising other plants
or speoies. In the genus Hippeastrum, in Corydalis as shown by
Professor Hxlzhbmnd in various orchids as shown by Mr. Scott and.
Fritz Miller, all the individuals are in this peouliar cond.mon. So
that with some species, certain abuormal individuals, and in other
species all the individuals, can_actually be hybridised much more
readily than they can b fertilised by pollen from the same individual
plant] o give one instance, a bulb of Hippeastrum aulicum pro-
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duced four flowers ; three were fertilised by Herbert with their own
pollen, and the fourth was subsequantly sl by th pllen of
a componnd hybrid descended from threo distinct species:  the
S Totai it Ltiv et s st et 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 sced, which vege-
“tated frecly.”  Mr. Herbert tried similar experiments during many
years, and always with the same result.  These cases serve to show
‘on what slight and mysterious causes the lesser or greater fertility
of & species sometimes depends.

‘The practical experiments of horticulturists, though not made
with scientific precision, deserve some motice. It is notorious in
how complicated o manner the species of Pelargonium, Fochsia,

I

many of these hybrids seed freely. For instance, Herbert asserts
that a hybrid from Calecolaria integrifolia and plantaginea, species
most widely dsimilar fn genral i, reprodces it s por-
feo t bad been a natural species from the mountains of
1 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 betwen.
Rbod. ponticum and catawbiense, and that this hybrid  seeds as
frecly as it is possible to imagine” Had hybrids, when fairly
treated, always gone on decreasing in fertility in each successive
generation, as Girtner believed to be the case, the fact would have
Teen notorious to nursery-men, Hortioulturists raise large beds of
the same bybrid, and such alone are fairly treated, for by insect
agency the several individuals are allowed to cross freely with each
other, and the injurious influence of closo .interbrecding is thus
prevented. Any one may readily convince himself of the effciency
of insect-agency by examining the flowers of the more sterile kinds
of hybrid Rhododendrons, which produce no pollen, for he will
find on their stigmas plenty of pollen brought from other flowers.

ard to animals, much fewer experiments have been care-
fully tried than with plants. If our_systematic arrangements can
be trusted, that is if the genera of animals are as distinct from each
other a5 aro the genera of plants, then we may infer that animals
more widely distinet in the scale of nature can be crossed moro
<asily than ia the case of plants 3 but the hybrids themselves are,
1 think, more sterile. 1t should, however, be bornein mind that,
owing to fow animals breeding freely tnder confinement, few
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experiments have been fairly tried: for instance, the canary-hird
Tas been crossed with nine distinct species of finches, but, as not,
one of these breeds frecly in confinement, we have no right to
expeet that the first crosses betwoen them and the canary, or tha
their hybrids, should be perfeotly fertile. Again, with Tespect 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 differens
parents, 50 as to avoid the ill effcets of closo interbreeding. On the
contrary, brothers and sisters have usually been crossed in cach
successive goneration, in opposition to the constantly repeated
admonition of every breeder. And in this case, it is not at all
surprising that the inherent sterility in the hybrids should have
gone on increasing,

Although I know of hardly any thoroughly well-authenticated
cases of perfectly fertile hybrid animals, T have reason to believo
that the hybrids from Cervulus vaginalis and Reevesii, and from
Phasianus colchicus with P. torquatus, are perfectly fertile, M,
Quatrefoges states that the hybrids from two moths (Bombyx
cynthia and arrindia) were proved in Paris to be fertile inter s
for cight generations. It has lately been asserted that two such
distinct species as the hare and rabbit, when they can be got fo
Dreed together, produce offspring, which are highly fertile when
crossed with one of the parent-species, The hybrids from the
common and Chinese geese (A. cygnoides), species which are s
different that they are generally ranked in distinct genera, have
often bred in this country with cither pure parent, and in one
singlo instanco they have bred infer se. This was effected by
Mr. Eyton, who raised two hybrids from the same parents, bué
from different hatches ; and from these two birds ho raised no less
than eight hybrids (grandchildren of the pure geese) from one nest-
In India, however, these cross-bred geeso must be far more fertile;

1 am assured by two eminently capablo judgos, namely Mr.
Blyth and Capt. Hutton, that whole flocks of these crossed geeso
are kept in various parts of the country ; and as they aro kept for
‘profit, where neither pure parent-species exists, they must certainly
be highly or perfectly fertile,

With our domesticated animals, the various races when crossed
together are quite fertile; yet in many cases they are descended
from two or more wild species. From this fact we must conclude
cither that the aboriginal parent-species at first produced perfecty
fertile hybrids, or that the hybrids subsequently reared under
domestication became quite fertile. This latter alternative, which
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was first propounded by Pallas, scems by far the most probable, and
can, indeed, hardly be doubted. It is, for instance, almost certain
¢hat our dogs are descended from soveral wild stooks ; yot, with
‘perhaps the exception of certain indigenous domestic dogs of South
America, all are quite fertile together; but analogy makes me
greatly doubt, whether the several aboriginal species would at first
Tave frecly bred together and bave produced quite fertile hybrids.
S0 again T bave laaly aoqucel docisivo evidence that the
crossed offspring from tho Indian humped and common cattle aro
inter s¢ perfectly fertile; and from the observations by Riitimeyer
on their important osteological differonces, as well as from thoso
Ty M. Blyth on their differences in habits, voice, constitution, &.,
these two forms must be rogarded as good and distinct species.
The same remarks may be extended to the two chief races of

e pig. We must, therefore, either give up the bellef of the
universal sterlity of species when crossed ; or we must look a¢
this sterility in animals, not as an indelible chnmc'erinic, but
-as one capablo of being removed by domestication.

Finally, considering all the ascertained facts on the intercross-
ing of plants and animals, it may be concluded that some degree
of sterility, both in first crosses and in hybrids, is an extremely
general result; but that it cannot, under our present state of
&nowledge, be considered as absolutely universal.

Laws governing the Sterdlity of first Crosses and. of Hybrids.

ill now consider a little more in detail the laws governing

the sterility of first crosses and of hybrids. Our chief object will
e to seo whether or not these laws indicate that species have
Teen specially endowed with this quality, in order to prevent
their crossing and blending together in utter confusion. The fol-
lowing conclusions are drawn up chiefly from Giirtner's admirable
work on the hybridisation of plants. I have taken much pains
10 ascertain how far they apply to animals, and, considering how
scanty our knowledge is in regard to hybrid animals, I have
een surprised to find how generally the same rules apply to both

ingdoms.
1t has been already remarked, that the dogree of frtility, both.
first crosses and of hybrids, graduates from zero to perfect
Tetilty. T i surprising in how many curious ways this grada-
tion can be shown; 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 distinct family, it exerts no more
influence than so much inorgavic dust. From this absolute zero of
=
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fertility, the pollen of different specics applied to the stigma of
somo one species of the same genus, yields a perfect gradation in.
tho number of seeds produced, up to nearly complete or even quite
complete fertility ; and, as we have seen, in certain abnormal cases,
even to an excess of fertility, beyond that which the plant’s own
pollen produces, So in hybrids themselves, there are somo which
nover have produced, and probably never would produce, even with
the pollen of the pure parents, a single fertile seed : but in some of
these cases a first trace of fertility 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 earl
withering of the flower is well known to be a sign of incipient
fertilisation. From this extreme degree of sterility wo have selt-
fertilised hybrids producing a greater and greater number of seads
up to perfect fertility.

Tho hybrids raised from two species which are very difficuls
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 hybrids thus produced—tuwo classes of
fucts which are generally confounded together—is by no means
strict. _There are many cases, in which two pure species, as in tho
genus Verbascum, can be united with unusual facility, and_ produce
‘numerous hybrid-offspring, yet these hybrids are remarkably sterile.
On tho 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 tho limits of the same
genus, for instance in Dianthus, these two opposite cases oceur.

The fertility, both of first crosses and of hybrids, is more easily
affected by unfavourable conditions, than is that of pure specics.
But the fertility of first crosses is likewiso innately variablos for
it is not always the same in degree when the same two species aro-
crossed under the same circumstances ; it 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
fetility is often found to differ greatly in the several individuals
raised from seed out of the same capsule and exposed to the samo
conditions.

By the term systematic affinity is meant, tho general resomblance:
‘between species in structure and constitution. Now the fertility of
first crosses, 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 sys-
tematists in distinct families; and on the other hand, by very
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closely allied species generally uniting with facility. But the
correspondence between systematio affinity and tho fucility of
crossing is by no means strict, A multitude of cases could be given
of very closely allied species which will not unite, or only with
extreme difficulty ; and on the other hand of very distinct specics
which unite with the utmost facility. In the same family there
may be  genus, as Dianthus, in which very many species can most
readily bo crossed ; and another genus, as Silene, in which the most
persevering efforts have failed to produce between extremely close
species a single hybrid. 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 distinct species, obstinately failed to fertilise, or
to be fertilised by no less than eight other species of Nicotiana.
Many analogons facts conld be given.

No one has been able to point out what kind or what amoung of

difference, in any recognisable character, is sufficient to prevent two

ies crossing. Tt can be shown that plants idely i
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. Annual and perennial plants,
deciduous and evergreen trees, plants inhabiting different stations
and fitted 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 female-ass being first crossed by a stallion, and
then a mare by a male-ass: these two species may then be said
to havo boen reciprocally crossed, There is often the widest
possibledifferenco in. the facility of making reciprocal crosses.
Such cases are highly important, for they prove that the capacity
in any two species to cross is often completely independent of their
systematic affinity, that is of any difference in their structure
or constitution, excepting in their reproductive systems. The
diversity of the result in reciprocal crosses between the same two
species was long ago observed by Kolreuter. To give an instance
AMirabilis jalapa can easily be fertilised by the pollen of M. longi-
flora, and the hybrids thus produced are sufficiently fertile; but
Kalreuter tried more than two hundred times, during eight fol-
lowing years, to fertilise reciprocally M. longifiora with the pollen of
M. jalapa, and utterly failed.  Several other equally striking cases
could bo given. Thuret has observed the same fact with cortain
sea-weeds or Fuci.  Girtner, moreover, found that this difference of

x
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facility in making reciprocal crosses s extremely common in a
lesser degree, Ho has observed it oven between closely related
forms (as Matthiola annua and glabra) which many botanists rank
only as varietics. Tt is also a remarkable fact, that hybrids raised
from reciprocal crosses, though of course compounded of the very
same two specis, the one specics having first been used as tho
Jatier and then as the mother, though they rarely differ in external
characters, yet generally differ in fertility in a small, and occa-
sionally in a high degrec.

Soveral ofher singular rules could be given from Giirtne
instance, some species have a_ remarkable power  of crossing with
other species ; other species of the same genus havo a remarkable
power of impressing 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 ouc of
them ; and such hybrids, though externally so like one of their puro
parent-species, are with Tare exceptions extremely sterile. S0 again
amongst bybrids which are usually intermediate in  structure
etsween their parents, exceptional and abnormal individuals some-
times are born, which closely resemble one of theit pure parents;
and these hybrids are almost always utterly sterile, even when the
other hybrids raised from seed from the same capsule have a con-
siderable degree of fertility. These facts show how completely the
fertility of a hybrid may be independent of its external resemblance.
to cither pure parent.

Considering the several rules now given, which . govern the
fertlity of first crosses and of hybrids, wo sce that when forms,
which must be considered as good and distinot species, are united,
their fertility graduates from zero to perfect frtility, or even to
fertility under certain conditions in excess; that their fertility,
Desides being eminently susceptible to favourablo and unfavourabls
conditions, is innately variable; that it is by no means always
the same in degree in the first cross and in the hybrids produced
from this cross; that the fertility of hybrids is not related to the
degree in which they resemblo in external appearance either parent;
and lastly, that the facility of making a first cross between any
two species is not always governed by their systematic afinity of
degree of resemblance to each other. This latter statement i
clearly proved by the difference in the result of reciprocal cresses
etween the same two species, for, according as the one specics
or the other is used as the father or the mother, thero is generally
some difference, and occasionally the widest possiblo difforcnce,
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in the fucility of effecting an union. The hybrids, morcover,
roduced from reciprocal crosses often differ in fertility.

Now do these complex and singular rules indicate that species
have been endowed with sterility simply to prevent their becoming
confounded in pature? I think not.  For why should tho sterility
e 0 extremely different in degree, when various species are crossed,
all of which we must suppose it would be equally important to keep
from blending together? Why should the degree of sterility. bo
innately variable in the individuals of the same species? Why
should some species cross with facility, and yet produce very sterile
hybrids ; and other species cross with extreme difficulty, and yet
produce fairly fertile hybrids? Why should there often b so
great o difference in_the result of & reciprocal cross between the
samo two species?  Why, it may cven be asked, has the production
of hybrids been permitted? o grant to species the special power
of producing bybrids, and then to stop their further propagation by
different degrees of sterility, not strictly related to the facility of
the first union between their parents, seems a strange arrangement.

The foregoing rules and fucts, 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 wnknown differences
in their reproductive systems ; the differences being of so peculiar
and limited a nature, that, in reciprocal crosses between the same.
two species, the malo sexual element of the one will often frecly act
on the female sexual eloment of the other, but not in a reversed
direotion. Tt will be advisable to explain a little more fally by
an example what I mean by sterility being incidental on other
differences, and not a specially endowed quality.  As tho capacity
of ono plant to be grafted or budded on another is unimportant for
their welfare in a state of nature, I presume that no one will suppose
that this capacity is a speciadly endowed quality, but will admit that,
it is incidental on differences in the laws of growth of the two
plants, We can sometimes sco the reason why one tree will not
take on another, from differences in their rate of growth, in the
‘Thardness of their wood, in the period of the flow or nature of their
sap, &e. 3 but in a multitude of cases we can assign o reason what-
ever. Great diversity in the size of two plants, one being woody
and the other herbaceous, ono being evergroen and tho other deci-
duous, and adaptation to widely different, climates, do ot always
prevent the two grafting together. As in hybridisation, so with
grafting, the eapacity is limited by systematic afinity, for no one
has been able to graft together trees belonging to quite distinct
familics; and, on the other hand, closely allied species, and varieties
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of the same specics, can usually, but not invariably, be grafted with.
case. But this capacity, as in bybridisation, is by no s she-
lutely governed by systematio affinity. Although many distinct
e within the e (aily bavo been graed togethcefn ol
cases species of the same genus will not take on each othier. The
‘pear can bo grafted far more readily on the quince, which is ranked
4s a distinct genus, than on the apple, which is a member of the
samo genus. Even different varicties of the pear take with different
degrcs of fclty o the quinoe; 10 do diflrent varetis o the
apricot and peach on certain varieties of the plu

As Giirtner found that there was surm.hmes an mna!c dxﬂ'ﬂenw
in different individuals of the same two species in c
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, 5o it sometimes is in grafting; the common gooseberry, for
instance, cannot be grated on the currant, whereas the currant will
take, though with diffculty, on the gooseberry,

We have seen that the sterility of hybrids, which have their
reproductive organs in an imperfect condition, is a different case
from the difficulty of uniting two pure specics, which have their
epiduclve crpuud pefect; ot Wi b diaiit kg
cases run to a large extent parallel. Something analogous ocours
in grafting; for Thouin found that three species of Robinis,
which secded frecly on their own roots, and which could be
grafted with no great difficulty on a fourth species, when thus
grafted were rendered barren.  On the other hand, certain species of
Sorbus, when grafted on other specics yielded twice as much fruit
a5 when on their own roots. We are reminded by this Intter fact of
the extraordinary cases of Hippeastrum, Passiflora, &c., which seed
much more freely when fertilised with the pollen of n distinet
specics, than when fertilised with pollen from the same plant.

Wo thus see, that, although thero is a clear and great difference
between the mere adhesion of grafted stocks, and the union of
the malo and femalo elements in the act of reproduction, yet that
there s 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 wnknown 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 roproductive systems. These differences in both
cases, follow to a certain extent, as mizht have been expecteds.
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systematic afinity, by which torm every kind of resemblanco and

+  dissimilarity between organic beings is attempted to be expressed.
The facts by no means seem to indicate that the greater or lesser
difficulty of either grafting or crossing 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,

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

At one time it appeared to me probable, as it has to others, that
the sterility of first crosses and of hybrids might have been slowly
through the natural selection of slightly lessened degrees

7 which, like any other variation, spontancously appeared
in certain. individuals of one variety when crossed with those of
another variety. For it would clearly be advantageous to two
varicties o incipient specics, if they could be kept from blending,
on the same principle that, when man is selecting at the sume timo
two varieties, it is necessary that he should keep them separate.
In the first place, it may be remarked that species inhabiting
distinot regions are often sterile when crossed ; now it could clearly
have been of no advantage to such separated species to have been
rendered mutually sterile, and consequently this could not have
been effected through natural selection; but it may perhaps be
argued, that, if a species was rendered sterile with some one
compatriot, sterility with other species would follow as a necessary
<contingency. In the second place, it is almost as much opposed to
the theory of natural selection as to that of special creation, that in
xeciprocal crosses the male element of one form should have been
rendered utterly impotent on a second form, whilst at the sume
time the male element of this second form is enabled frecly to
fertiliso the first form; for this peculiar state of th reproductive
ystem cold bardly have been advantageous to cither spec
og the potabiley of nataral seleption haviog coms
into act\nm in rendering species mutually sterile, the greatest,
difficulty will bo found to lie in the existence of many graduated
M,Lps from slightly lessened fertility to absolute vtenhey n may

itted that it would profit an incipient species, if it were
e slight degree sterile when crossed with its parent
form or with some other variety ; for thus fewer bastardised and
deteriorated offspring would be produced to coxnmmgle {hmr blood
‘with the new species in process of formation. But he who take
the trouble to reflect on the steps by which this first degree of
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sterility could be increased through natural selection to that high
degree which is common with so many species, and which is
universal with speoies which have been differentiated to a generio
or family rank, will find the subject extraordinarily complex.
After mature reflection it seems to me that this could not have beerr
effected throngh natural selection. Take the case of any two
‘species which, when crossed, produce few and sterile offspring ; now,
what is there which could favour the survival of those individuals
which happened to be endowed in a slightly bigher degree with
mutual infertility, and which thus approached by one small step
towards absolute sterility? Yet an advance of this kind, if the
theory of natural selection bo brought to bear, must have incessantly
occurred with many species, for a multitude are mutually quite
barren. With sterile neuter insects we have reason to believe that
modifications in their structure and fertility have been slowly
accumulated by natural selection, from an advantage having been
thus indirectly given to the community to which they belonged
over other communities of the same species; but an individual
animal not belonging to a social community, if rendered slightl
sterile when crossed with some other variety, would not thus itself
gain any advantage or indirectly give any advantage to the other
individuals of the same varicty, thus leading {o their preservation.

But it would be superfluous to discuss um quenmn in detail;
for with plants we have conclusive cvider ¢ the sterlity of
arossd secies Tt be i £ somme peinlple qmtc i
natural selection.  Both Girtner and Klreuter have proved that in
genera including numerous species, a series can be formed from
specis which when crossed yicld fewer and fewer sceds, to species
which never produce a single seed, but yet are affected by the
pollen of certain other species, for the germen swells. It is here
manifestly impossible to select the more sterilo individuals, which
have already ceased to yield seeds ; so that this acme of sterilty,
‘when the germen alone is affected, cannot have been gained throught
selection ; and from the laws governing the various grades of sterility
‘being so uniform throughout the animal and vegetable Kingdoms,
we may infer that the cause, whatever it may be, is the same or
nearly the same in all cascs.

‘We will now look a little closer at the probable nature of the
differences between species which induce sterility in first crosses
and in hybrids. In the case of first crosses, the greater or less
difficulty in efcting an union and in obtaining offspring apparently
depends on several distinct causes. Thero must sometimes be
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‘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
the pollen of one species is placed on the stigma of a distantly allicd
‘species, though the pollen-tubes protrude, they do not penetrate the.
stigmatic surface. ~Again, the male clement may reach. the female.
element but be incapable of causing an embryo to be developed, as
seems to have been the caso with some of Thuret’s experiments on
Fuci. No explanation can be given of these facts, any more than
why certain trees cannot be grafted on others. Lastly, an embryo
may bo developed, and then perish at an early period. This latier
alternative has not been sufficiently attended to; but I beliove,
from observations communicated to me by Mr. Hewitt, who has

great experience in hybridising pheasants and fowls, that the
early death of the embryo is a very frequent cause of sterility in

vari
otween threo species of Gallus and their hybrids ; the majority of
these eggs had been fertilised ; and in the majority of the fertilised
egas, the ombryos had cither been partially developed and had then
‘perished, or had become nearly mature, but the young chickens had
been unablo to break through the shell. Of tho chiokens which
were born, more than four-fifths died within the first, fow days, or
at latest weeks, “ without any obvious cause, apparently from mere
inability to live ;” so that from the 500 eggs only twelve chickens
wero reared. With plants, hybndlscd embryos probably often
perish in a like manner ; at least it is known that hybrids raised
from very distinct species are wnel\mes ‘weak and dwarfed, and
perish at an early age ; 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, the embryos
within the eggs of silk moths which had not been fertilised, pass.
through their early stages of development and then perish like the
embryos produced by a cross between distinct species. Until
becoming acquainted with theso facts, I was unwilling to believe in
the frequent, carly death of hybrid embryos; for hybrids, when
once bomn, are generally healthy and long-lived, as we see in tho

e of the common mule. Hybrids, however, aro differently cit-
cumstanced before and after birth: when born and 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; it may therefore beforo
irth, as long as it is nourished within its mother's womb, or within.
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thie oz or seed produced by the mother, be exposed to conditions
in some degreo unsuitable, and consequently be liable to perish at
an carly period; more especially as all very young beings are
eminently sensitive to injurious or unnatural conditions of life.
But after all, the cause more probably lies in some imperfection in
the original act of impregnation, causing the embryo to be im-
perfectly developed, rather than in the conditions to which it is
subsequently exposed.

In regard to the sterility of hybrids, in which the sexual clements
are imperfectly developed, the case is somewhat different. I have
‘more than once alluded to a large body of facts showing that, when
animals and plants are removed from their natural conditions, they
are extremely liable to have their reproductive systems seriously
affected. This, in fact, is the great bar to the domestication of
animals, Between the sterility thus superinduced and that of
hybrids, there are many points of similarity. In both cases the
sterility is independent of general health, and is often accompanied
by excess of size or great luxuriance. In both cases the sterlity
occurs in various degrees ; in both, the male element is the most
liable to be affected ; but sometimes the femalo more than the
male. Tn both, the tendenéy goes to a certain extent, with sys-
tematic affinity, for whole groups of animals and plants ar rendered
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 sometimes 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 confinement, of
any exotic plant seed freely under culfure ; nor can he tell ¢l he
tries, whether any two species of a genus will produce more or less
sterilo hybrids. Lastly, when organic beings are placed during
several generations under conditions not natural to them, they are
extremely liable to vary, which seems to be partly due to their
reproductive systems having been specially affected, though in
Tesser degree than when sterility ensues.  So it is with hybrids, for
their offspring i generations are eminently liable to vary,
4 every experimentalist has obs oy

Thus wo see that when organic beings are placed under new
and wnnatural conditions, and when hybrids are produced by the
unnatural crossing of two specics, the reproductive system, inde-
pendently of the general state of health, is affected in & very
similar manner. In the one case, the conditions of life have been
disturbed, though often in 50 slight a degree as to be inappreciable

g

vod.
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By us in the other case, or that of hybrids, the external conditions
have remained the same, but tho organisafion has been disturbed
by two distinct structures and constitutions, including of course tho
reproductive systems, having been blended into one. For it is
scarcely possible that two organisations should be compounded
into one, without some disturbance occurring in the development, or
‘periodical action, or mutual relations of the diffgrent parts and
organs one to another or to the conditions of life.  When hybrids
are able to breed iner se, they transmit to their offspring from
generation to generation the same compounded organisation, and
Tence we need not be surprised that their sterility, though in some
degreo variable, does not diminish; it is even apt to increase, this
Teing generally the result, as before explained, of too close inter-
Dreeding. The above view of the sterility of hybrids being caused
by two constitutions being compounded into one has been strongly
maintained by Max Wichura.

¢ must, however, be owned that we cannot understand, on tho
above or any other viow, several facts with respect to the storility
of hybrids; for instance, the unequal fertility of hybrids produced
from reciprocal erosses ; or the increased sterility in those hybrids
which oceasionally and exceptionally resemble closcly cither puro
parent. Nor do I pretend that the foregoing remarks go to the
ro0t of the matter ; no explanation is offered why an organism,
when placed under wnnatural conditions, is rendered sterile. Al
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 tho
conditions of life having been disturbed, in the other case from
the organisation having been disturbed by two organisations being
<compounded into one.

A similar parallelism holds good with an allied yet very different
lass of facts. 1t is an old and almost universal belief founded on a
considerable body of evidence, which T have elsewhere given, that
slight, changes in the conditions of life are beneficial to all fiving
things. We sce this acted on by farmers and gardeners in their
frequent exchanges of seed, tubers, &c., from one soil or climate to
another, and back again.  During the convalescence of animals,
‘great benefit is derived from almost any change in their habits of lfe.
Again, both with plants and avimals, there is the clearest, evidence
that a cross between individuals of the same specics, which diffe to
@ certain extent, gives vigour and fertility to the offspring ; and
that close interbreeding continued during several generations between
nearest relations, if these be kept under the same conditions of
lLife, almost always leads to decreased size, weakness, or sterility.
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Tence it scems that, on the one hand, slight changes in the con-
itions of life benefit all organic beings, and on the other hand, that
slight crosses, that is crosses between the males and females of th
samo species, which have been subjected to slightly different con~
ditions, or which have slightly varied, give vigour and fortility to
the offspring. But, as we have seen, organic beings long habituated
to certain uniform conditions under a state of nature, when sub-
jocted, as under confinement, to a. considerable change in their
conditions, very frequently are rendered more or less sterile; and
we know that & cross between two forms, that have become widely
or specifically difforent, produce hybrids which are almost always in
some dogreo sterile, I am fi rsuaded that this double paral-
lelism is by no means an accident or an illusion. He who is ablo
to explain why the elephant and a multitude of other animals are
incapable of breeding when kept under only partial confinement in
their native country, will be able to explain the primary cause of
hybrids being so generally sterile. He will at the same time bo
ablo to explain how it is that the races of somo of our domesticated
animals, which have often becn subjected to new and not uniform
conditions, are quite fertilo togother, although they aro descended
from distinct specios, which would probably have been sterile it
aboriginally crossed. The above two parallel series of facts seem
to be connected together by some common but unknown bond,
which is cssentially related to. the princigie of lfe; this principle,

according to Mr. Herbert Spencer, being that life depends o, or
consists in, the incessant action and. reaction of various forces,
which, as throughout nature, are always tending towards an equi-
librium; and when this tendency is slightly disturbed by any
chango, the vital forces gain in power.

Reciprocal Dimorphism and Trimorphism.

This subjeot may bo hore briefly discussed, and will bo found fo
row some light on hybridism.  Soreral planis belnging to
stinet, orders prosent two forms, which exist in about equil
e in 10 respect except in their repm‘lucuvs
organs;; one form having a long pistil with short stamens, the other
o short pistil with long stamens the two baving diflreatly ssed
pollen-grains.  With trimorphic plants there are three forms like-
wise differing i th lengths of their pistils and. stamens, in the size
and colour of the pallen-grains, and in some other zespeets; and a8
in cach of the three forms there are two sels of stamens, the threo
forms possess altogether six sets of stamens and. three kinds of
pistils. Theso organs are so proportioned in length to each otbery
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that half the stamens in two of the forms stand on a lovel with
the stigma of the third form. Now I have shown, and tho result
T been confirmed by other observers, that, in order to obtain full
fertility with these plants, it is necessary that the stigma of the one
form shonld be fertilised by pollen taken from the stamens of cor-
vesponding height in another form. - 80 that with dimorphic specics
two unions, which may be called legitimate, aro fully fertilo; and
o, which may be called illegitimate, are more or less infertile.
With trimorphic species six unions are logitimate or fully fertile,
and twelve are illegitimate or more or less infertile.

The infertility which may be observed in various dimorphic and
trimorphic plants, when they are illegitimately fertilised, that is by
pollen taken from stamens not corresponding in height with tho
pistil, differs much in degree, up to absolute and utter sterility ; just
in the same manner as ocours in crossing distinct species. ~As the
degree of sterility in tho latter case depends in an eminent degree
on the conditions of ifo being more or less favourable, 8o I have
found it with illogitimate unions. It is well known that if pollen
of a distinet 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 prepotent that
it generally anniilates the effect of the forcign pollen s so it is with
the pollen of the several forms of the same species, for legitimato
pollen is strongly prepotent over illegitimate pollen, when both aro
laced on the same stigma. 1 ascertained this by fertilising several
flowers, first llegitimately, and twenty-four hours afterwards logiti-
‘mately, with pollen taken from a peculiarly coloured variety, and
all the seedlings were similarly coloured ; this shows that the
Tegitimate pollen, though applied twenty-four hours subsequently,
had wholly destroyed or prevented the action of the previously
applied illegitimate pollen. ~Again, as in making reciprocal crosses
between the same two species, ther is occasionally a great differonce
in the result, so the same thing occurs with trimorphic plants ; for
instance, the mid-styled form of Lythrum salicaria was llegitimately
fertilised with the greatest ease by pollen from the longer stamens
of the short-styled form, and yielded many sceds; but tho latter
form did not yield a single sced when fertilised by the longer
stamens of the mid-styled form.

n all theso respects, and in others which might be added, tho
forms of the sume undoubted species when illegitimately united
Tchave in exactly the same manner as do two distinct species when
crossed. This led me carefully to observe during four years many
scedlings, raised from several illegitimate unions. The chief result is
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that theso illegitimate plants, as they may be called, are not fully fer-
tile, Tt is possible to raise from dimorphic species, both long-styled
and short-styled illegitimate plants, and from trimorphic plants all
threo illegitimate forms. These can then be properly united in a.
legitimate manner. When this is done, there is 1o apparent reason
why they should not yield as many sceds as id their paronts when
legitimately fertilised. But such is not the case. They are all
infertile, in various degrees; some being so utterly and incurably
sterile that they did not yield during four seasons a single secd or
even sced-capsule. The sterility of these illegitimate plants, when
united with each other in a legitimate manner, may be strictly
compared with that of hybrids when crossed iner se. I, on the
other hand, a hybrid is crossed with either pure parent-specics, the
sterility s usually much lessened : and so it is when an illegitimato
plant is fertilised by o legitimate plant. In the ssme manner as
the sterility of hybrids does mot slways run parallel with the
difficulty of making the first cross between the two parent-species,
50 the sterilty of certain illegitimate plants was unusually great,
whilst the sterility of the union from which they were derived was
Dby no means great. With hybrids raised from the same seed-
capsule the degree of sterility is innately variable, so it is in &
marked manner with illegitimate plants. Lastly, many hybrids are
profuse and persistent, flowerers, whilst other and more sterilo
hybrids produce few flowers, and are weak, miserable dwarfs;
exactly similar cases ocour with the illegitimate offspring of various
dimorphic and trimorphic plants.

Altogether there is the closest identity in characterand bebaviour
between illegitimate plants and hybrids. It is hardly an exagge-
mtion to maintain that illegitimate plants are hybrids, produced
within the limits of the same species by the improper nion of
certain forms, whilst ordinary hybrids are produced from an im-
Proper union between so-called distinct species. We bave also
already seen that there is the closest similarity in all respects
between first illegitimate unions and first crosses between distinct
species.  This will perbaps be made more fully apparent by an
illustration ; we may suppose that a botanist found two well-
marked varioties (and such occur) of the long-styled form of the
trimorphic Lythrum salicaria, and that he determined to try by
crossing whether they were specifically 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 a8 if
they had been two distinct species. But to make tho caso suro, he
would raise plants from his supposed hybridised seed, and he would

Darwin Online: By permission of the Trustees of the Natural History Museum
(Londar).



Cuar, IX, and Trimorphism. 255

T they behaved in all other respects like ordmnry hybrids.” e
‘might then maintain that ho had actually proved, in accordance with
the common view, that his two varieties were a5 g00d and as distinct
species as any in the world ; but he would bo complotely mistaken.
‘The facts now given on dimorphic and trimorphic plunts aro
important, because they show us, fist, that the physiological test.
of lessened fertility, both in first crosses and in hybrids, is no safo
eriterion of specific distinction ; secondly, because we may conclude:
that thoro is some unknown bond which connects the infertility of
illegitimate unions with that of their illogitimate offspring, aud we
are led to extend the same view to first crosses and hybrids;
thirdly, because we find, and this scems to me of especial importance,
that two or three forms of the sume species may exist and may
differ in no respect whatever, either in structure or in constitution,
relatively to external conditions, and yet be sterile when united in
certain ways. For we must remember that it is the union of the
sexual elements of individuals of the same form, for instance, of two
longstyled forms, which results in sterility; whilst it is the union
of the sexual elements proper to two distinct forms which is fertile.
Hence the case appears at first sight exactly the reverse of what
occurs, in the ordinary unions of the individuals of the same specics
and with crosses between distinct species. It is, however, doubtful
whether this is really so3 but I will not enlarge on this obsoure
subject.
may, however, infer as probable from the consideration of
dimorphic and trimorphic plants, that the sterility of distinot
species when crossed and of their hybrid progeny, depends exclu-
sively on the nature of their sexual elements, and not on any differ-
ence in their siructure or general constitution. We aro also led

great difficulty, with the female of a sccond species, whilst the
converse cross can be effected with perfect facility. That cxcellent
observer, Girtner, likewise concluded that species when crossed aro
sterile owing to differences confined to their reproductive systems.

Fertility of Varieties when Crossed, and of their Mongrel
Ofspring, not universal.
1t may bo urged, as an overwhelming argument, that thero must
be tween species and variet
a8 tho lntter, however much they may Aiffr from sach other in
external appearance, cross with perfeot facility, and yield perfectiy
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fertilo offspring. With some exceptions, presently to be given, T
Sully admit that this is tho rule. But the subject is surrounded by
difficulties, for, looking to varieties produced under nature, if two,
forms hitherto reputed to be varieties be found in any degree sterile
together, they are at once ranked by most naturalists as species,
Tor instance, the blue and red pimpernel, which are considered by
most botanists as varieties, are said by Girtner to be quite sterile
when crossed, and he consequently rauks them as undoubted
species. If wo thus argue in a circle, the fertility of all varieties
produced under nature will assuredly have to be granted.

1f we turn to varieties, produced, or supposed to have been pro-
duced, under domestication, we are still involved in some doubt.
For, when it is stated, for instance, that certain South American
indigenous domestic dogs do not readily unite with European dogs,
the explanation which will occur to every one, and probably the
true one, is that they are descended from aboriginally distinct
species,  Nevertheless the perfect fertility of so many domestic
races, differing widely from cach other in appearance, for instance
those of the pigeon, or of the cabbage, is a remarkable fact; more
especially when we reflect how many species there are, which,
though resembling each other most closely, aro utterly sterile when
intercrossed. Neveral considerations, however, render the fertility
of domestic varicties less remarkable. Tn the first place, it may.
be observed that the amount of external difference between two
species is no sure guide to their degree of mutual sterility, so that
similar differences in the case of varities would be no sure guide:
Tt is certain that with species the cause lies exclusively in diffor-
ences in their sexual constitution. Now the varying conditions
1o which domesticated animals and cultivated plants have been
subjected, have had so little tendency towards modifying the
reproductive system in a manner leading to mutual sterility, that
we have good grounds for admitting the directly opposite doctrine
of Pallas, namely, that such conditions generally eliminate this
tendency ; so that the domesticated descendants of species, which i
their natural state probably would have been in some degree sterile
when crossed, become perfectly fertile together. With plants, 0
far is cultivation from giving a tendency towards sterility between
distinet species, that in several well-authenticated cases alread
alluded to, certain plants have been affected in an opposite manner,
for they have become self-impotent, whilst still retaining the
capacity of fertilising, and being fertilised by, other species.
the Pallasian doctrine of the elimination of sterility through long=
continued domestication be adumitted, and it can hardly be rejected;
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it becomes in the highost dogree improbable hat similar conditions
long-continued should likewise induce this tendency; though in
certain cases, with species having a peculiar constitution, sterility
might occasionally be thus caused. Thus, as I believe, we can
understand why with domesticated animals varieties have not been
produced which are mutually sterile; and why with plants only &
few such cases, immediately to be given, have been observed.

The real difficulty in our present subject is not, as it appears to
me, why domestic varicties have not become mutually infertile
when crossed, but why this has 8o generally oceurred with natural
varictics, as soon as they have been permanently modified in &
suffcient degree to take rank as species. We are far from precisely
Xknowing the cause; nor is this surprising, secing how profoundly
iznorant we are in regard to the normal and abnormal action of
the reproductive system. But we can see that species, owing to
their struggle for existence with numerous competitors, will have
been exposed during long periods of time to more uniform con-
ditions, than have domestic varieties 3 and this may well make a
wide difference in the result. For we know how commonly wild
animals and plants, when taken from their natural conditions and
subjected to captivity, are rendered sterilo; and the roproductive
functions of organic beings which have always lived under natural
conditions would probably in like manner be eminently sensitive
to the influence of an wnmatural cross. Domesticated productions,
on the other hand, which, as shown by the mere fact of their
domestication, were not originally highly sensitive to changes in
their conditions of life, and which can now generally resist with
undiminished fertility repeated changes of conditions, might be
expected to produce varieties, which would be little liablo to have
their reproductive powers injuriously affected by the act of crossing
with other varieties which had originated in a like manner.

I have as yet spoken as if the varicties of the same species were
invariably fertile when intercrossed. But it is impossible to resist
the evidence of the existence of a certain amount of sterility in the
few following cases, which 1 will ‘briefly abstract. The evidence is
at least as good as that from which we believe in the steril
multitude of species. The evidence is, also, derived from hostile
witnesses, who in all other cases consider fertility and sterility as
safe criterions of specific distinetion. 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 kind with pollen of the

s
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other; but only a single head produced any sced, and this one
head produced only five grains. Manipulation in this case could
Tot have been injurious, as the plants have separated sexes. No
ane, I believe, has suspected that theso variotics of maize are
distinct, species; and it is important to notice that the hybrid
plants thus mised wero themselves perfectly fertile; 5o that even
Giirtner did not venture to consider the two varieties as specifically
distinet,

Girou do Buzarcingues crossed three varieties of gourd, which
Tike the maize has separated sexes, and he asserts that their mutual
fertilisation is by so much the less easy as their differences aro

How far theso experiments may be trusted, I know not
ut 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 seeros at first
incredible ; but it is the result of an astonishing number of experi-
ments made during many years on nine species of Verbascum, by

an_observer and so hostile a witness as Giirtner: namely
that the yellow and white varieties when crossed produce less seed
than the similarly coloured varieties of the sume species. Moreover,
e asserts that, when yellow aud white varieties of one species are
crossed with yellow and white. varicties of a distinct specics,
more seed is produced by the crosses between the similarly
coloured flowers, than between those which are differently eoloured.
Mr. Scott also has experimented on the species and varieties of
Verbasoum ; and although unable to confirm Girtners results on
the crossing of the distinct species, ho finds that the dissimilarly
coloured varieties of the same species yield fewer seeds, in the pro-
‘portion of 86 to 100, than the similarly coloured varicties. Yet these
varicties differ in no respect except in the colour of their flowers;
and one variety can sometimes be raised from the seed of another.

Klreuter, whose accuracy has been confirmed by every subsequent
observer, has proved the remarkable fact, that one particular
vatiety of the common tobacco was moro fertile than the other
vatieties, when crossed with a widely distinct species, He experic
mented on five forms which are commonly reputed to bo varieties,
and which he tested by the severest trial, namely, by reciprocal

nd he found their mongrel offspring perfectly fertile. But
one of these five varieties, when used either as tho father or mother,
‘and crossed with the Nicotiana glutinosa, always yielded hybrids ot
50 sterilo as those which were produced from the four other varieties
when crossed with N. glutinosa. Hence the reproductive systom
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of this one variety must have been in some manner and in some
degree modi

From these facts it can no longer be maintained that varieties
when crossed are invariably quite fertile. From the great difficulty
of ascertaining the infertiity of varieties in a state of nature, for

upposed. variety, if proved to be infrtile in any degree, would
almost. universally be rauked a3 a species s—from man attending
only to external characters in his domestic varieties, and from such
varieties not having been exposed for very long periods to uniform
conditions of life;—irom these several considerations we may con-
clude that fertility does not constitute a fundamental distinction
Tetween varieties and species when crossed. - The general sterility
of crossed specics may safely be looked. at, not as a special acquire-
‘ment or endowment, but as incidental on changes of an unknown
nature in their sexual elements.

Hybrids and Mongrels compared, independently of their
Sertility,

Tndependently of the question of fertility, the offspring of species
and of varieties when crossed may be compared in several other
respects.  Giirtner, whose strong wish it was to draw a distinct line
Detween species and varieties, could find very few, and, as it seems
% me, quite unimportant differences between the so-called hybrid
offspring of species, and the so-called mongrel offspring of varieties.
Aud, on the other hand, they agreo most closely in many important

Tespects.
1 shall here discuss this subject with extreme brevity. The mosh
important distinction is, that in the first, generation mongrels are
‘more variable than hybrids; but Girtner admits that hybrids from
species which have long been cultivated are often variable in the
first generation ; and 1 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 distinct
pecies; and this shows that the difference in the degree of varia-
bility graduates away.  When mongrels and the more fertile bybrids
are propagated for several generations, an extreme amount of varia-
bility in the offspring in both cases is notorious ; but some fow
instances of both hybrids and mongrels long retaining a uniform
character could be given. The variability, however, in the succes=
sive generaions of mongrels i, perbaps,greater than n hybrids.
eater variabilty in mongrels. than in hybrids does not
i parents of mongrels are varieties,
and mostly domesti varietis (very fow experiments having boen
52
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tried on natural varietics), and this implies that there has becn
recent variability, which would often continue and would augment
that arising from the act of crossing. The slight variability of
bybrids in the first gencration, in contrast with that in the succeed-
Tt and deserves attention. For it
bears on the view which I have taken of one of the causes nl
cndinary variability ; namely, that tho reproductive system fro
Yeing Sty sensitive to chasged” condloabl e, il uude
these circumstances to petform its proper function of producing
offspring closaly similar in all respects to the parent-form. Now
Tybrids in the first generation are descended from species (excluding
thoso long-cultivated) which have not had their reproductive
systems in any way affected, and they are not variable; but
hybrids themselves have their reproductive systems  seriously
affected, and their descendants are highly variable,

But to roturn to our comparison of mongrels and hybrids:
Girtner states that mongrels are more liable than hybrids to revert
10 cither parent-form ; but this, if it be true, is certainly only a dif-
ference in degree. Moreover, Giirtner exprossly 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 arrived at by different
observers : thus, Max Wichura doubts whether hybrids ever revert
to their parent-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. Gartner further
states that when any two species, although most closely allid to
cach 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 specics, the bybrids do not
differ much. But this conclusion, as far as I can make out, is
founded on a singlo experiment ; and seems directly opposed to the
results of several experiments made by Kolreuter.

Such alone are the unimportant differences which Giirtner s able
to point out between hybrid and mongrel plants. On the other
hand, the dogrees and kinds of resemblance in mongrels and in
hybrids to their respective parents, more especially in AR
duced from nearly related species, follow according to Gartner the
o lavs. | Whea' two speientare orose o 1oy sync
prepotent power of impressing its likeness on the hybrid. So I
‘believo it to be with varieties of plants; and with animals ono
variety certainly often has this prepotent power over another
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variety. Hybrid plants produced from a reciprocal cross, generally
resemble each other closely ; and so it is with mongrel plants from
a reciprocal cross. Both hybrids and mongrels can be reduced to
cither pure parent-form, by repeated crosses in successive generations
with either parent. 5

Theso several remarks are apparently applicable to animals; bu¢
the subject is here much complicated, partly owing to the existence
of secondary sexual characters; but more especially owing to pre-
potency in transmitting likeness running more strongly in one sex
than in the other, both when one species is crossed with another,
and when one variety is crossed with another varicty. For instance,
1 think those authors are tight, who maintain that the ass hs a
‘prepotent power over the horse, so that both the mule and the hinny
resemble more closely the ass than the horse; but that the pre-

@ ‘more strongly in the male than in the female ass, so
that the mule, which is the offspring of the male ass and mare, is
more like an ass, than s the hinny, which is the offspring of the
female-ass and stallion.

uch 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 ane of their parents ; but this does
sometimes occur with hybrids, yet I grant much less frequently
than with mongrels. Looking to the cases which I have collected
of cross-bred ani ing one parent, the
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 donot
relate to characters which have been slowly acquired through selec-
tion. - A tendency to sudden reversions to the perfect character of
cither parent would,also, be much more likely to occur with mongrels,
which are descended from varicties often suddenly produced and
semi-monstrous in character, than with hybrids, which are descended
from species slowly and 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 con-
clusion, 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, in the union of individuals of the same varicty, o of
different varieties, or of distinet species,

Independently of the question of fertility and sterility, in all
other respects there seems to be a general and close similarity in
the offspring of crossed specics, and of crossed varicties. 1f we
look at species as having been specially created, and at varieties a8
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having been produced by secondary laws, this similarity would be
an astonishing fact. But it harmonises perfectly with the view
that there is no cssential distinotion between species and varieties.

Summary of Chapter.

First crosses between forms, sufficiently distinct to be ranked ay
species, and their hybrids, are very generally, but not universally,
sterile. The sterility is of all degrees, and is often so slight that the
‘most careful experimentalists have arrived at diametrically opposite
conclusions in ranking forms by this test. he sterility is innately
variable in individuals of the same species, and is eminently
susceptible to the action of favourable and unfavourable conditions,
The degtee of sterility does not striotly follow systematic affnity,
but is gov eral curious and complex laws. It is generally
different, and sometimes widely different, in reciprocal crosses between
the same two species. 1t is not always equal in degree in & first
cross and in the hybrids produced from this cross.

In the same manner as in grafting trees, the capacity of one
species or varicty to take on another, is incidental on differences,
generally of an unknown nature, in their vegetative systems, so 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 endowed with various degrees of sterility to prevent their
crossing and blending in nature, than to thinls that trees have been
specially endowed with various and somewhat analogous degrees
of diffieulty in being grafted together in order to prevent their
inarching in our forests.

"The sterility of first crosses and of their hybrid progeny has not

n acquired through natural sclection, In the case of first crosses
it seems to depend o several circumstances; in some instances in
chief part on the early death of the embryo. In the case of hybrids,
it apparently depends on their whole organisation having been
disturbed by ‘being compounded from two distinct forms; the
sterility boing closely allied to that which so frequently affects pure
species, when exposed o new and unnatural conditions of life.

igly supported by a parallelism
of another kind: namely, that, firstly, {ugﬂ chs.ngcyp ;e
ditions of 1ifo add to the vigour and fertlity of all organio beings;
and secondly, that the crossing of forms, which have been exposed to
slightly different conditions of life or which have varied, favours the
size, vigour, aud fortility of their offspriug. The facts given on the
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sterility of the illegitimate wnions of dimorphic and trimorphio
‘plants and of their illegitimate progeny, perhaps render it probable
that some unknown bond in all cases connects the degreo of fertility

f first unions with that of their offspring. The consideration of these
faots on dimorphism, as well as of the results of reciprocal crosses,
clearly leads to the conclusion that the primary cause of the sterility
of crossed species s confined to differences in their sexual clements.
But why, in the case of distinct species, the sexual elements should
50 generally have become more or less modified, leading to their
‘mutual infertility, we do not know; but it seems to stand in some
close relation to species having been exposed for long periods of
time to nearly uniform conditions of life.

It is not surprising that the difficulty in crossing any two species,
and the steriity of their hybrid offspring, should in most cases cor-
respond, even if due to distinct causes; for both depend on the
amount of difference 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 together—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 subjected to expe-
Titnent; for systematic affinity inoludes resemblances of all inds.

Iirst crosses between forms known to be varieties, or sufficiently
alike to be considered as varieties, and their mongrel offspring, aro
very generally, but not, as is so often stated, invariably fertile.
Nor is this almost universal and perfect fertility surprising, when
it is remembered how liable we are to argue in a circle with respect
to varieties in a state of naturo; and when we remember that the
greater number of varieties have been produced under domestication
by the selection of mere external differences, and that they have
10t been long exposed to uniform conditions of Tife. 1t should also
e especially kept in mind, that long-continued domestication tends
to eliminato sterility, and is thereforo little likely to induce this
same quality. Independently of the question of fertility, in all
other respects there is the closest general resomblance Tetween
bybrids aud mongrels,—in their variability, in their power of
absorbing each other by repeated crosses, and in their inheritance
of characters from both parent-forms. Finally, then, although we
are as ignorant of the precise cause of the sterility of first crosses
and of hybrids as we are why animals and plants removed from
their natural conditions become sterile, yet the facts given in this
chapter do not seem to me opposed to the beliof that species
aboriginally existed as varieties,
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CHAPTER X.

Ox e IMPERFECTION 0¥ THE GEOLOGICAL REcomD.

On the absence of intermediat varieties at the present day —On the naturs
of extinct intermediate varieties; on their mumber—On. the lapse of
time, as inferred from the rate of denudation and of deposition—On
the lupse of time as estimated by years— On the poorness of our palzon-
tological collections —On the intermittence of geological formations.
On the denudation of granitic areas—On the absence of intermediate

s in any one formation — On the sudden appearance of groups of
species— On_their sudden appearance in the lowest known fossiliferous
sirata — Antiquity of the habitable earth.

th chapter I enumerated the chief objections which might
e justly urged against the views maintained in this volume.

tinctness of specific forms, and their not being blended together
by innumerable transitional links, is a very obvious difficulty,
Tassigned reasons why such links do not commonly ocour at the
present day under the circumstances aparently most favourable for
their presence, namely on an extensive and continuous area with
graduated physical conditions. 1 endeavoured to show, that the
Tife of ach species depends in a more important manner on the
presence of other already defined organic forms, than on climate;
and, therefore, that the really governing conditions of life do not
graduate away quite insensibly like heat or moisture, I endea-
voured, also, to show that intermediate varieties, from existing in
lesser numbers than the forms which they conneet, will generally
e beaten out and exterminated during the course of further moifi-
cation and improvement. The main cause, however, of innumerable
intermediate links not now occurring everywhere throughout nature,
depends on the very process of natural selection, through which new
‘arieties continually take the places of and supplant, their parent-
forms.  But just in proportion as this process of extermination has
acted on an enormous scale, so must the number of intermediato
varietics, which bave formerly existed, be truly enormous. Why
#hen is not every geological formation and every stratum full of
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such intermediate links? Geolog 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 the theor
The explanation lies, as I beliove, in the extreme imperfeotion of
the geological record.

In the first place, it should always be borne in mind what sort
of intermediate forms must, on the theory, have formerly existed.
1 have found it difficult, when looking at any two species, to avoid
‘picturing to myself forms directly intermediate between them.  But
this i a wholly false view ; we should always look for forms inter-
mediate between cach species and a common but unknown pro-
genitor; and the progenitor will generally havo differed in some
respects from all its modified descendants. To give a simple
the fantail and pouter pigeons are both desoended
reon 3 if we possessed all the intermediate varieties
‘which have ever existed, we should have an extremely close series
‘etaween both and the rock-pigeon ; but we should have no varieties
directly intermediato between the fantail and pouter; none, for
instance, combining a tail somewhat expanded with a crop some-
what enlarged, the characteristic features of these two breeds.
These two breeds, moreover, have become so much modified,
that, if we had no historical or indirect evidence regarding their
origin, it would not have been possible to have determined, from a.
‘mere comparison of their structure with that of the rock-pigeon,
C. livia, whether they had descended from this species or from some
other allied form, such as C. oenas.

8o with natural species, if we look to forms very distinct, for
instance to the horse and tapir, we have no reason to suppose that
links directly intermediate between them ever existed, but between
each and an unknown common parent. The common parent will
have had in its whole organisation much general resemblance to the
tapir and to the horse; but in some points of structure may have
differed considerably from. both, even perbaps 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 samo timo we had a nearly
‘perfect chain of the intermediate links.

It is just possible by the theory, that one of two living forms.
might have descended from the other; for instance, a horse from &
tapir; and in this case direct intermediate links will have existed
between them. But such a case would imply that one form had
remained for o very long period unaltercd, whilst its descendants
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had undergone a vast amount of change; and the principle of com
‘petition betaveen organism and orgunism, between child and parent,
will rendor this a very rare event; for in all cases the new and
improved forms of lifo tend to supplant the old and unimproved
rms.

i By the theory of natural selection all living species have been
connocted with the parent-speces of each genus, by differences not
greater than we see between the natural and domestic 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 forms ; 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 extinct species, must have been inconceivably great. But
assuredly, if this theory bo true, such have lived upon the earth.

On the Lapse of Time, as inferred from the rate of Deposition and
extent of Denudation.

Tndependently of our not finding fossil remains of such infintely
numerous connecting links, it may bo objected that time cannot
have sufficed for so great an amount of organic change, all changes
hoving been effected slowly. 1t is hardly possible for me to
recall to the reader who is not a practical geologist, the fucts
leading the mind feebly to comprehend the lapse of time. He
who can read Sir Charles Lyl grand work on the Principles
of Geology, which the future historian will recognise as having pro-
duced a revolution in natural science, and yet does not admit how
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 observers on separate
formations, and to mark how each author attempts to give an
inadequate idea of the duration of cach formation, or even of each
stratum. We can best gain some idea of past time by knowing
the agencies at work, and learning how deeply the surface of the
land has been denuded, and how much sediment has been deposited.
As Lyell has well remarked, the extent and thickness of our sedi-
mentary formations are the result and the measure of the denu-
dation which the earth's crust has elsewhere undergone. Therefore
@ man should examine for himself the great. piles of superimposed
strata, and watch the rivulets bringing down mud, and the waves

ing away the sea-cliffs, in order to comprehend something
about the duration of past time. the monuments of which we s
all around us.
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1t is good to wander along the coast, when formed of moderately
Tard rocks, and mark the process of degradation. The tides in
‘most cases reach th 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 tha pure water effcts nothing

avay rock. At last the base of the cliff is undermined,
Tuge fragments fall down, and these, remaining fixed, have to be
worn away atom by atom, until after being reduced in size they
can e rolled about by the waves, and then they are more quickly
ground into pebbles, sand, or mud. - But bow often do we see alony
the bases of retreating cliffs rounded boulders, all thickly clothed
Dy marine productions, showing how little they are abraded and
how seldom they are rolled about! Moreover, if we follow for a
fow miles any line of rocky eliff, 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.
Tho appearance of the surface and the vegetation show that clso-
where years have elapsed since the waters washed their base.

We have, however, recently learnt from the observations of
Ramsay, in the van of many excellent observers—of Jukes, Geikie,
Croll, and. others, that subacrial degradation is 2 much more im-
portant agency than coast-action, or the power of the waves. The
whole surface of the land is exposed to the chemical action of
the air and of the rain-water with irs dissolved carbonio acid, and
in colder countries to frost ; the disintegrated matter is carried down
even gentle slopes during heavy rain, and to & greater extent than
might be supposed, especially in arid districts, by the wind; it
is then transported by the streams and rivers, which when rapid
deepen their channels, and triturate the frigments. On a miny
day, even ina gently undulating country, we see the effects of
subgerial degradation. in the muddy rills which flow down every
slope. Messrs. Ramsay and Whitaker have shown, and the ob-
servation is a most striking one, that the great lines of escarpment
in the Wealden district and those ranging across England, which
formerly were looked at as ancient sea-coasts, cannot have been
thus formed, for each line is composed of one and the sume forma-
tion, whilst our sea-cliffs are everywhere formed by the intersection
of various formations. This being the case, we are compelled to
admit that the escarpments owe their origin in chief part to the
rocks of which they are composed having resisted subaerial denu~
dation better than the surrounding suriace ; this surface conse-
quently has been gradually lowered, with the lines of harder rock
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left projecting. Nothing impresses the mind with the vast duration
of time, according to our ideas of time, more forcibly than the con-
Viction thus gained that subacrial agencies which apparently have
so little power, and which scem to work so slowly, have produced
great results. 5 !

When thus impressed with the slow rate at which the land is
worn away through subaerial and littoral action, it s good, in onder
to appreciate the past duration of time, to consider, on the one hand,
the masses of rock which have been removed over many exten-
sive areas, and on the other hand the thickness of our sediment
formations. I remembor having been much struck when viewing
volcanio islands, which have becn worn by the waves and
all round into perpendicular cliffs of one or two thousand feet in
height;; for the gentle slope of the lava-streams, due to their for-
merly liquid state, showed at a glance how far the hard, rocky
beds had once extended into the open ocean. The same story is
told still more plainly by faults,—those great cracks along which
the strata have boon upheaved on one side, or thrown down on
the other, to the height or depth of thousands of feet ; for since tho
crust cracked, and it makes no great difference whether the up-
heaval was sudden, or, as most geologists now believe, was slow
and effected by many starts, the surface of the land has been so
completely planed down that mo trace of these vast dislocations
is extemally visible, The Craven fault, for instance, extends for
upwards of 30 miles, and along this line the vertical displacement
of the strata varies from 600 to 3000 fect. ~Professor Ramsay has
published an account of a downthrow in Anglesea of 2300 feet;
and he informs me that he fally believes that there is one in®Merio-
nethshire of 12,000 feet; yet in these cases there is nothing on
the surfice of tho land to show such prodigious movements; the
pile of rocks on either side of the crack having been smoothly swept
away.

On the other hand, in all parts of the world the piles of sedi-
mentary strata ace of wonderful thickness. In the Cordillera I esti-
mated one mass of conglomerate at ten thousand feet ; and although

have probably been at a quicker rate
than finer sediments, yet. from being formed of worn and rounded.
pebbles, each of which bears the stamp of time, they are good to.
show how slowly the mass must have been heaped together. Pro-
fessor Ramsay has given me the maximum thickness, from actuil
measurement, in most cases, of the successivo formations in different
parts of Great Britain ; and this is the result :—
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—making altogether 72,584 fect ; that is, very nearly thirteen and
o s Beiish miles. Some of ho formations, which are
represented in England by thin beds, are thousands of fect in
B VY (s Micsirer, Tobwous ol bl
formation, we have, in the opinion of most geologists, blank periods
of enormous length. 8o that the lofty pile of sedimentary rocks in
Britain gives but an inadequate idea of the time which has elapsed
during their accumulation. The consideration of these various facts
impresses the mind almost in the same manner as does the vain
endeavour to grapple with the idea of eternity.

Nevertheless this impression is partly fulse. Mr. Croll, in an
interesting paper, remarks that we do not err “in forming too great
a conception of the length of geological periods,” but in estimating
them by years. When geologists look at large and complicated
phenomena, and then at the figures representing several million
years, the two produce a totally different effect on the mind, and
the figures are at once pronounced too small, In regard to subserial
denudation, Mr. Croll shows, by calculating the known amount of
sediment anually brought down by certain rivers, relatively to their
areas of drainage, that 1000 feet of solid rock, as it became gradu-
ally disintegrated, would thus be removed from the mean level of
the whole area in the course of six million years. This seems an
astonishing result, and some considerations lead to the suspicion
that it may be too large, but even if halved o quartered it is still
very surprising. Few of us, however, know what a million really
means: Mr. Croll gives the following illustration : take a narrow
strip of paper, 83 feet 4 inches in length, and stretch it along the
wall of a large hall; then mark off at one end the tenth of an inch.
‘This tenth of an inch will represent one hundred years, and tho
entire strip a million years. But let it be borne in mind, in relation
to the subject of this work, what a hundred years implies, repre-

time, have so largely modified some of the higher animals, which
propagate their kind much more slowly than most of the lower
animals, that_ they have formed what well deserves to be called a
new sub-breed. Few men have attended with due care to any one
strain for moro than half a century, o that a hundred years repre-
sents the work of two breeders in succession. It is not to be sup-

I e e =ion o the Trustees of the Natural History Museumn (London).



270 The Poorness of our Citar. X,

ed that species ‘in a state of nature ever change so quickly as
B aeetic antimals under the goidance of methodical slection. Tho
comparison would be. in every way fuirer with the effects which
follow from unconscious selection, that is the preservation of the
‘most useful or beautiful animals, with no intention of modifying
the breed ; but by this process of unconseious selection, various
reeds have been sensibly changed in the course of two or threo

Species, however, probably change much more slowly, and within
the same country only a few change at the same time. This slow-
ness follows from all the inhabitants of the same country being
already 50 well adapted to each other, that new places in the polity
of nature do not occur until after long intervals, due to the occur-
rence of physical changes of some kind, or through the immigration
of new forms. - Moreover variations or individual differences of the
right nature, by which some of the inhabitants might be better
fitted to their new places under the altered circumstances, would
not always occur at once. Unfortunately we have no means of
determining, according to the standard of years, how long a period
it takes to modify a species; but to the subject of time we must
return,

On the Poorness of our Palceontological Collections.

Now let us turn to our richest geological muscums, and what
a paltry display we behold! That our collections are imperfect is
admitted by every one. The remark of that admirable palmonto-
Togist, Edward Forbes, should never be forgotten, namely, that very
many fossil species are known and named from single and often
broken specimens, or from a few specimens collected 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 im-
‘portant discoveries made every year in Europe prove. No organism
‘wholly soft can be preserved. * Shells and bones decay and disappear
when lett on the bottom of the sea, where sediment is not acoumu-
lating. We prolably take a quite erroncous view, when we assume

at sediment s being deposited over nearly the whole bed of the
sea, at a rate sufficiently quick to embed and preserve fossil remains.
Throughout an enormously large propartion of the ocean, the bright
blue tint of the water bespeaks its purity. The many cases o
record of a formation conformably covered, after an jmmense
interval of time, by another and later formation, without the under-
lying bed having suffered in the interval any wear and tear, scem
esplicable only on the view of the bottom of the sea not rarely lying
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for ages in an unaltered condition. The remains which do become
embedded, if 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 seem to bo rarely pro-
served. For instance, the several species of the Chthamalinm (a
sub-family of sessile cirripedes) coat the rocks all over the world in
infinite numbers : they are all strictly littoral, with the exception
of a single Mediterranean species, which inhabits deep water, and

s has been found fossi in Sicily, whereas not one other species
has hitherto been found in any tertiary formation : yet it is known
that the genus Chthamalus existed during the Chalk period. Lastly,
many great deposits requiring a vast length of time for their accu-
‘mulation, are entirely destitute of organic remains, without our being
able to assign any reason: one of the most striking instances is
that of the Flysch formation, which cousists of sbale and sandstone,
several thousand, occasionally even six thousand feet, in thickness,
and extending for at least 300 miles from Vieona to Switzerland ;
and although this great mass has been most carefully searched, no
fossils, except a few vegetable remains, have been found.

With respect o the terrestrial productions which lived during
the Secondary and Palwozoic periods, it is superfiuous to state that
our evidence is fragmentary in an extreme dogree. For instance,
until recently not a Jand shell was known belonging to cither 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; but now Jand-shells have been found in the lias. In

iferous remains, a glance at the historical table
published in Lyell's Manual will bring home the truth, how acci-
dental and rare is their preservation, far better than pages of detail.
Nor is their rarity surprising, when we remember how large a pro-
portion of the bones of tertiary mammals have been discovered
cither in caves ot in lacnstrine deposits ; and that not a cave or true
lncustrine bed is known belonging to the age of our secondary or
pal®ozoic formations,
jut the imperfection in the geological record largely results
from another and more important causo than any of the foregoings
namely, from the several formations being separated from each
other by wide intervals of time. This doctrine has been empha-
lmlly admitted by many geologists and paleontologists, who, like

. Forbes, entirely disbelieve in the change of species. - When wo
see_the formations tabulated in written works, or when we follow
them in nature, it is difficult to avoid believing that they are closely
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consecutive. But we know, for instance, from Sir R. Murchison's
great work on Russia, what wide gaps there aro in that country
Tetween 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 largo ter-
sitories, would never have suspected that, during the periods which
ere blank and barren in his own country, great piles of sediment,
charged with new and peculiar forms of life, had elsewhere been
accumulated, And if, in each separate territory, hardly any idea
can bo formed of the length of time which has elapsed between the
consecutive formations, wo may infer that this could nowhero bo
ascortained. The frequent and great changes in the mineralogical
composition of conscoutive formations, generally implying great
changes in the geography of the surrounding lauds, whence tho
sediment, was derived, accord with the belief of vast intervals of
time having clapsed botween each formation.

We can, I think, see why the geological formations of each region
are almost invariably intermittent; that is, have not followed cach
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 ecent period,
than the absence of any recent deposits sufficiently extensive to last
for_even a short 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 suceessive and peculiar
‘marine faunas will probably bo preserved to a distant age. A little
reflection will explain why, along the rising coast of the westem
side of South America, no extensive formations with recent or fer-
tiary remains can anywhere be found, though the supply of sediment
must for ages have been great, from the enormous degradation of
the coasterocks and from muddy 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, 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
successive oscillations of level, as well as the subsequent subuerial
dogradation. Such thick and extensive accumulations of sediment
may be formed in two ways ; either in profound depths of the ety
in which case the bottom will not be inhabited by so many and
such varied forms of life, as the more shallow scas; and the mass
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when upraised. will give an imperfect record of the organisms which
existed in the neighbourhood during the period of its accumulation.
Or, sediment may be deposited 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 subsidence and the supply of sediment nearly
balance each other, the sea will remain shallow and favourable for
many and varied forms, and thus a rich fossiliferous formation,
thick enough, when upraised, to resist a large amount of denudation,
may be formed,

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

All geological facts tell us plainly that each area has undergone
‘numerous slow oscillations of level, and apparently these oscillations
have affected wide spaces. Consequently, formations rich in fossils
and suffciently thick and extensive to resist subsequent degradation,
‘will have been formed over wide spaces during periods of subsidence,
but only where the supply of sediment was sufficient, to keo
sea shallow and to embed and preserve the remaius before they had
time to decay. On the other hand, as long as the bed of the sea
remains stationary, fhick deposits cannot have been accumulated
in the shallow parts, which aro the most favourable to life.  Still
Yo xn this v hnppened during thoalterate pariods of cevtion

G more accurately, the beds which were then accumulated
L e ey by being upraised and brought
within the limits of the coast-action.

“Iheso remarks apply chiefly to littoral and sublittoral deposits.
Tn the case of an extensive and shallow sea, such as that within a
largo part, of the Malay Archipelago, whero the depth vaies from
30 or 40 to 60 fathoms, a widely extended formation might be
formed during a period of elevation, and yet not suffer excessively
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 was formed s nor would

Fy
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the deposit be much consolidated, nor be capped by overlying for-
‘mations, so that it would run a good chance of being worn away by
atmospheric degradation and by the action of the sea during sub-
sequent oscillations of level. It has, however, been suggested by
Mr. Hopkins, that if one part of the area, after rising and befors
eing denuded, subsided, the deposit formed during the rising move-
‘ment, though not, thick, might afterwards become protected by fresh.
accumulations, and thus be preserved for a long period.

Mr. Hopkins also expresses his belief that sedimentary beds of
considerable horizontal extent have rarely been completely destroyed,
But all geologists, excepting the few who believe that our present
‘metamorphic schists and plutonic rocks onee formed the primordial
nucleus of tho globe, will admit that these latter rocks have been
stript of their covering to an enormous extent. For it is scarcoly
possible that such rocks could have been solidified and crysallized
whilst uncovered ; but if the metamorphio action ocourred at pro-
found dopths of the ocean, the former protecting mantle of Tock
may not have been very thick. Admitting then that gneiss, mica-
schist, granite, diorite, &c., were once necessarily covered up, how
‘can we account for the maked and extensive areas of such rocks in
many parts of the world, except on the belief that they have sub-
sequently been completely denuded of all overlying strata? That
such extonsivo areas do exist cannot be doubted  the graniti region
of Parime is described by Humboldt as being at least nineteen times
as large as Switzerland. South of the Amazon, Boug colours an.
area composed of rocks of this nature as equal to that of Spain,
France, Italy, part of Germany, and the British Islands, all con-
Joined. This region has not been carefully explored, but from the
concurrent testimony of travellers, the granitic area is very large:
thus, Von Eschwego gives a detailed scotion of thess Tocks,
stretehing from Rio de Janeiro for 260 geographical miles inland in
4 straight line; and I travelled for 150 miles in another direction,
and saw nothing but granitic rocks. Numerous specimens, ol
Tected 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 T saw, besides modern tertiary beds, only
one small patoh of slightly metamorphosed rock, which alone could
have formed a part of the original capping of the granitic series.
Turning to a well-known region, namely, to the United States and
Canada, as shown in Professor H. D. Rogers’s beautiful map, I have
estimated the areas by outting out and weighing the paper, and T
find that the o (excluding “the semi io”)
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and granitic rocks exceed, in the proportion of 19 to 123, the whole
of the newer Palzozoic formations. In many regions the metamor.
anitic rocks would be found much more widely extended
than they appear to be, ifall the sedi hich
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 have
‘been completely denuded, with not a wreck left behind.

One remark is here worth a passing notice. During periods of
clevation the area of the land and of the adjoining shoal parts of the
sea will bo increased, and new stations will often be formed ;—all
circumstances favourable, as previously explained, for the formation
of new varicties and species; but during such periods there will
generally be a blank in the geological xecord. On the other hand,
during subsidence, the inhabited area and number of inhabitants
will decrease (excepting on the shores of a continent when first
‘Droken up into an archipelago), and conseqiently during subsidence,
though there will be much extinction, few new varieties or species
will be formed ; and it is during these very periods of subsidence,
that the deposits which are richest in fossils have been accumulated.

On the Absence of Numerous Intermediate Varieties in any Single
Formation,

From these several considerations, it cannot be doubted that the
‘eological record, viewed as a whole, is extremely imperfect but if
we confine our attention to any one formation, it becomes much
more diffiult to understand why we do mot therein find closely
amaduated varietios botween the alliod species which lived at its
commencement and at its close, Several cases are on record of the
samo species presenting varieties in. the upper and lower parts of
the same formation : thus, Trautschold gives a number of instances
with Ammonites; and Hilgendorf has described a most curious case
of ten graduated forms of Planorbis multiformis in the successive

reral reasons can be given why each should not com-
manly include a graduated series of links between the species which
lived at its commencement and close; but I cannot assign due
‘proportional weight to the following considerations.

Although each formation may mark a very long lapse of years,
ench probably is short compared with the period requisite to chango
one species into another. I am aware that two palontologists,
whose opinions are worthy of much deference, namely Bronn and

T2
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Woodward, have concluded that the average duration of each for-
‘mation is tuwice or thrice as long as the average duration of specific
forms.  But. insuperable difficulties, as it seems o me, prevent us
from coming to any just conclusion on_this head. When we seo o
species first appearing in_the middle of any formation, it would bo
rash in the extreme to infer that it had not elsewhere previously
existed, So again when we find a species disappearing before tho
last layers have been deposited, it would be equally rash to suppose
that it then became extinct. We forget how small the area of
Turope is compared with the rest of the world ; nor have the
Several stages of the same formation throughout Europe been cor-
related with perfect accuracy.

We may safely infer that with marine animals of all kinds there
has becn a large amount of migration due to climatal and other
changes; and when we seo o species first appearing in any forma-
tion, the probability is that it only then first immigrated into that
area, It is well known, for instance, that several species appearel
somowhat earlier in tho palwozoic 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 doposits in various quarters of the world, it has every-
where been noted, that some few still existing species are common
in the deposit, but have become extinct in the immediately sur-
rounding sea; or, conversely, that some are 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 tho inhabitants of Europe during the glacial epoch,
which forms only a part of one whole geological period ; and like-
wise to reflect on the changes of lovel, on the extreme change of
climate, and on the great lapse of time, all included within this
same glacial period.  Yet it may bo doubted whether, in any
quarter of the world, sedimentary deposits, including fossil remains,
have gone on accumulating within the same area during the whole
of this period. 1t is not, for instance, probablo 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 best flourish: for we know that great geographical chauges
oceurred in other parts of America during this space of time, When
such beds as were deposited in shallow water near the mouth of the
Mississippi during some part of the glacial period shall have been
upraised, organio remains will probably first appear and dissppear
at different levels, owing to the migrations of species and to geo=
graphical changes. And in the distant future, a geologist, examining
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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.

In order to get a perfect gradation between two forms in the upper
and lower parts of the same formation, the deposit must have gone
on continuously aceumulating during a long period, sufficient for
the slow process of modification; hence the deposit must be a very
thick one ; and the species undergoing change must have lived in
the same district throughout the wholo time. But we have seen
that a thick formation, fossiliferous throughout its entire thickness,
can accumulate only during a period of subsidence; and to keep the
dopth approximately the same, which is necessary that the same
‘marine species may live on the same space, the supply of sediment,
must nearly counterbalance the amonnt of subsidence. But this
same movement of subsidence will tend to submerge the arca
whence the sediment is derived, and thus diminish the supply,
whilst the downward movement continues. In fact, this nearly
exact balancing between tho supply of sediment and the amount of
subsidence is probably a rare contingency ; for it has been observed
by more than one palwontologist, that very thick deposits 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 heen intermittent in its
accumulation. When we see, as is so often the case, a formation
composed of beds of widely different mineralogical composition, we.
may reasonably suspect that the process of deposition has been
more or less interrupted. Nor will the closest inspection of a for-
‘mation give us any idea of the length of time which its deposition
may have consumed. Many instances could be given of beds only
a fow feet in thickness, representing formations, which are clse-
‘where thousands of feet in thickness, and which must have required
an enormous period for their accumulation; yet no one ignorant of
this fact would have even suspected the vast lapse of time repre-
sented by the thinner formation, Many cases could be given of
the lower beds of a formation having been upraised, denuded, sub-
merged, and then re-covered by the upper beds of the

‘plainest evidence in great fossilised. trees, still standing upright as
they grew, of many long intervals of time and changes of lovel
during the process of deposition, which would. ot have been sus-
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‘pected, had not the trees beon preserved: thus Sir C. Lyell and
Dr. Dawson found carboniferous beds 1400 feet thick in Nova
Saotia, with ancient root-bearing strata, one above the other atno
less than sixty-cight different levels. Hence, when the same species
oceurs at the bottom, middle, and top of a formation, the proba-
bility is that it has not lived on the same spot during the wholo
period of deposition, but has disappeared and reappeared, perhaps
‘many times, during the samo geological period. Consequently if it
wero to undergo a considerable amount of modification during the
deposition of any one geological formation, a section would not in-
clude all the fine intermediate gradations which must on our theory
have existed, but abrupt, though perhaps slight, changes of form.

1t is all-important to remember that naturalists have no golden
rule by which to distinguish species and vavieties; they grant
some little variability to each specics, but when they meet with s
somowhat,greater amount of difference between any two forms,
they rank both as species, unless they are enabled to connect them
together by the closest intermediate gradations; and this, from
the reasons just assigned, we can seldom hope to effect in any ono.
geological section. Supposing B and G to be two specics, and
third, A, to bo found in an older and underlying bed; even if A
were strictly intermediate between B and C, it would simply be
ranked as a third and distinct species, unless at the same time it
could be closely connected by intermediate varieties with either one
or both forms. Nor should it bo forgotten, us before explained,
that, A might be the actual progenitor of B and C, and yet would.
Dot necessarily be strietly 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 the same formation,
and unless we obtained numerous transitional gradations, we should
not recoguise their blood-relationship, and should consequently malk
them as distinet spocies.

It is notorious on what excessively slight differences many pale-
ontologists have founded their species ; and they do this the more
readily if the specimens come from different sub-stages of the samo
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
chango which on. the theory we ought to find. Look again at the
later tertiary deposits, which include many shells believed by tho
majority of naturalists to be identical with existing species bué
some excellent naturalists, as Agassiz and Piotet, maintain that all
these tertiary spocies are specifically distint, though the distinetion.
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is admitted to be very slight; so that here, unless wo balieve that
these eminent naturalists have been misled by their imaginations,
and that these late tertiary species really present no difference what-
ever from their living representatives, or unless we admit, in oppo-
sition to the judgment of most naturalists, that theso tertiary species
are all truly distiuct from the recent, wo have evidence of the fre-
quent occurrence of slight modifications of the kind required. If
we look to rather wider intervals of time, namely, to distinct but
consecntive stages of the same great formation, we find that the

embedded fossils, though universally ranked as specifically different,
yet are far more closely related to cach other than aro the species
Tound in more widely soparated formations; 5o that here again we
have undoubted evidence of change in the direction required by the
theory; but o this latter subject 1 shall return in the following
chay

With animals and. plaots hat ‘propagate apidly and do Dot
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
forms, is small, for the successive changes are supposed to have
‘Teen 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 varicties; so that, with
shells and other marine animals, it is probable that those which
bad 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, leading to the same result,
as lately insisted on by Dr. Falconer, namely, that the period during
which cach species underwent modification, though long as measured
Dy years, was probably short in comparison with that during which
it remained without undergoing any change.

1t should ot be forgotien, that at the present day, with periect
specimens for examination, two forms can seldom be connected by
intermediate varieties, and thus proved to be the samo. species,
until many specimens are collected from many places; and with
fossl species this can rarely be done. W shall, perhaps, best per-
ceive the improbability of our being enabled to connect species
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rous, fine, intermediate, fossil links, by asking

B o atanc, geologise t some futiro period wil boabl
1o prove that our different breeds of cattle, sheep, horses, and dogs
are descended from a single stock or from several aboriginal stocks ;
or, again, whether certain_sea-shells inhabiting the shores of Norh
“‘Amnerica, which are ranked by some conchologists as distinct species
from their Buropean representatives, and by other conchologists as
only varieties, are really varicties, or are, as it is called, specifically
distinet. This could be effected by the future geologist only by
‘his discovering in a fossil state numerous intermediate gradations;
and such success is improbable in tho highest degrec.

n asserted over and over again, by writers who believe
in the immutability of species, that geology yields no linking forms.
This assertion, as we shall see in the next chapter, is certainly
erroncous. s Sir J. Lubbock has remarked, “ Every species is a
link between other allied forms.” If we take a genus having a scoro
of species, reoent and extinet, and destroy four-ffths of them, no
one doubts that the remainder will stand much more distinet from
each other. If the extreme forms in the genus happen to have
been thus destroyed, the genus itself will stand more distinet from
other allied genera. What geological research has not revealed, i
the former existence of infinitely numerous gradations, as fine as
existing varioties, connecting together nearly all existing and extinct
species. But this onght not to be expected ; yet this bas been
repeatedly advanced ns a most serious objection against my views.

It may be worth while to sum up the foregoing remarks on the
auses of the imperfection of the geological record under an imagi~
nary illustration. The Malay Archipelago is about the size of
Europe from the North Cape to the Mediterrancan, and from Britsin
to Russia ; and therefore equals all the geological formations 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 nume-
Tous large islands separated by wide and shallow seas, probably
Tepresents the former state of Europe, whilst most of our formations
wero acoumulating. The Malay Archipelago is one of the richest
‘regions in organic beings; yet if all the species were to be collected
which have ever lived there, how imperfeotly wonld they represent
‘the natural history of the world !

But we have every reason to believe that the terrestrial pro-
ductions of the archipelazo would be preserved in an extremely
imperfeet manner in the formations which we suppose to be there
accumulating. Not many of the strictly littoral animals, or of
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those which lived on naked submarine rocks, would be embedded ;
and those embedded in gravel or sand would not endure to a distant
epoch.  Wherever sediment did not acoumulate on the bed of the
sea, or where it did not accumulate a a sufficient rate to protect
organio bodies from decay, no remains could be preserved.
Formations ﬂch in fossils of many kinds, and of thickness
suffiient & i age as distant in futurity as the secondary
tias i o ‘past, would generally be formed in the archi-

pelago only during periods of subsidence. These periods of

vals of time, during which the area would be either stationary or
rising ; whilst rising, the fossiliferous formations on the steeper
shores would be destroyed, almost as soon as accumulated, by
the incessant coast-action, as we now see on the shores of South
America. Even thronghont the extensive and shallow seas within
the archipelago, sedimentary beds could hardly be accumulated of
great thickness during the periods of elevation, or become capped
and protected by subsequent deposits, 50 as to have a good chance
of enduring to a very distant future. During the periods of sub-
sidence, there would probably be much extinction of life ; during
the periods of elevation, there would be much variation, but the
‘geological record would then be less 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 accumulation of sediment, would ezceed the
average duration of the same specific forms ; and these contingen-
cies 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 varieties would merely
appear as so many new, though closely allied species. It is also
‘probable that each great period of subsidence would be interrupted
by oscillations of level, and that slight climatal changes would inter-
vene during such lengthy periods ; and in these cases the inhabitants
of the archipelago would migrate, and no closely consecutive record
of their modifications could be preserved in any ono formation.

Very many of the marine inhabitants of the archipelago 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
varieties ; and the varieties would at first be local or confined
to one place, but if possessed of any decided advantage, or when
further modified and improved, they would slowly spread and
supplant their parent-forms.  When such varictios roturned to
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their ancient homes, as they would differ from their former stata
in & nearly uniform, though perhaps extremely slight degree, and
as they would be found embedded in slightly difforent sub-stages of
the same formation, they would, according to the principles followed
by many palzontologists, be ranked as new and distinot species,

If then there be some degree of truth in these remarks, wo have
1o right to expect to find, in our geologieal formations, an. infnite
‘number of those fine transitional forms which, on our 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 paleotologists, be ranked as distinct species,
But I do not pretend that I should ever have suspected how poor
was the record in the best presorved geological sections, had not the
absence of innumerable transitional links between the species which
lived at the commencement and close of each formation, pressed so
hardly on my theory.

On the sudden Appearance of whole Groups of allied Species.

The abrapt manner in which whole groups of species suddenly
appear in certain formations, has been urged by several palwontolo-
dists—for instance, by Agassiz, Piotet, and Sedgwick—as  fatal
objection to the belief in the transmutation of species.  If numerous
species, belonging to the same gencra or families, have really started
into lifo at once, the fact would be fatal to the theory of evolution
throngh natural selection. ~For the development by this means of
agroup of forms, all of which are descended from some one progeni-
tor, must have been an extremely slow process; and thé progenitors
must have lived long before their modified descendants. But wo
continually overrate the perfection of the geological record, and
falsely infer, because certain genera or families have not been fonnd
Teneath a certain stage, that they did not exist before that staze.
In all cases positive palwontologieal evidence may be implicitly
trusted; negative evidence is worthless, as experience has s often
own. 'We continually forget how large the world is, compared
with the area over which our geological formations havo been
carefully examined; we forget that groups of species may else-
where have long existed, and have slowly multiplied, before
they invaded the ancient archipelagoes of Europe and the United
States. We do mot make due allowance for the intervals of =
time which have clapsed between our consecutive formati

Darwin Online: By permission of the Trustees of the Natural History Muss
(London). -

e
g



L

Cinar. X. Groups of Allied Specics. 283

longer perhaps in many cases than the time required for the acou
‘ulation of each formation. These intervals will have given time
for the multiplication of species from some one parent-form ; and in
the succeeding formation, such groups or species will appear as if
suddenly created.

1 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 boen effected, and a few species had thus acquired a great
advantage over other organisms, a comparatively short time would
be necessary to produce many divergent forms, which would spread
rapidly aud widely throughout the world. Professor Pictet, in his

xcellent Review of this work, in commenting on early transitional
forms, and taking birds as an illustration, cannot see how the suo-
cessive modifications of the anterior limbs of a supposed prototype
could possibly have been of any advantage. But look at tho
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.
1 do not suppose that we here sce 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
surfuce and glide through the air?

T will now give a few 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 sccond editions of Pictet’s
great work on Paleontalogy, published in 1844-46 and in 1853-57,
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. 1 may recall the well-
known fact that in geological treatises, published not many years
ago, mammals were always spoken of as having abruptly come in
at the commencoment of the tertiary scries. And now one of
the richest known accumulations of fossil mammals belongs to the
amiddle of the secondary series ; and truo mammals have been dis-
covered in the new red sandstone at nearly the commencement of
this great series. Cuvier used to urge that no monkey occurred in

Danwin Online: By permission of the Trustees of the Natural History Museum
(London).



284 Sudden Appearance of Cur.x,

any tertiary stratum; but now extinct species have boen 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 presarvation of
footsteps in the new red sandstono of the United States, who would
have ventured to suppose that no less than at least thirty different;
bird-like animals, some of gigantic size,
Not a fragment of bone has been discovered in the

g0, palontologists maintained that the whole class of birds came
suddenly into existenice during the eocene period; but now wo
Know, on the authority of Professor Owen, that o bird certainly
ived during the deposition of the upper greensand ; and still moro
Tecently, that strange bird, the Archeopteryx, with a long lizarde
ko tail, bearing a pair of feathers on each joint, and with its wings
furnished with two free claws, has been discovered in the oolitic
slatos of Solenhofen. Hardly any recent discovery shows moro
forcibly than this, how little we as et know of the former inhabi-
tants of the world.

T may give another instance, which, from having passed under
my own eyes, has much struck me. In a memoir on Fossil Sessile
Cirripedes, I stated that, from the large number of existing and
extinot, tertiary species; from the extraordinary abundance of the
individuals of many species all over the world, from the Arctio
regions to the equator, inhabiting various zones of depths from the
upper tidal Jimits to 50 fathoms ; from the perfect manner in which
specimens are preserved in the oldest tertiary beds ; from the case
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 pre-
served and discovered; and as not one species had then been dis-
covered in beds of this age, T concluded that this great group had
been suddenly doveloped at the commencement of he tertiary series.
This was a sore trouble to me, adding as I then thought one moro
instance of the abrupt appearance of @ great group of species. But
my work had hardly been published, when a skilful palwontologist,
M. Bosquet, sent me a drawing of & perfect specimen of an unmis-
takeable sessile cirripede, which he had himself extracted from the
chalk of Belgium. And, as if to make the case s striking as
possible, this cirripede was a Chthamalus, a very common, large,
and ubiquitous genus, of which not cne species has as yet been
found even in any tertiary stratum. - Still more recently, a Pyrgoma,
o member of a distinct sub-family of sessile cirripedes, has been
discovered by Mr. Woodward in the upper challs; o that we now.
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have abundant evn‘lence of tho existence of this group of animals
during the secondary

"The caso most froguently inisted an by palaontologists of the
apparently sudden appearance of a whole group of species, is that of
u.e teleostean fishes, low down, according to Agassiz, in the Chalk
. This group includes the large majority of existing species.
Bt certan Jurssio and Trassic orms are now comimonly admitted
10 be teleostean ; and even some paleozoic forms have thus been
classed by one high authority. If the telcosteans had really
appeared suddenly in the northern hemisphere at the commencement
of the chalk formation, the fact would have been highly remarkable;
ut it would not have formed an insuperable difficulty, unless it
could likewise have been shown that at the same period the species
were suddenly and simultaneously developed in other quarters of
the world. It is almost superfiuous to remark that hardly any
fossil-fish are known from sonth of the equator; and by running
through Pictet’s Palwontology it will be seen that very few species
are known from several formations in Europe. - Some fex families of
fish now have a confined rango; the teleostean fishes might formerly
have had a smnlarly confined range, and after having been largely
Selcie e R e, s upioa i RN eTe v

any. m uppom that the seas of the world have always been
50 freely open from south to north as they are at present, Even at
this day, if the Malay Archipelago were converted 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 Australis, and thus reach
other and distant seas,

From these considerations, from our ignorance of the geology of
other countries beyond the confines of Europe and the United
States, and from the revolution in our palontological knowledge
effected by the discoveries of the last dozen years, it seems to me
10 be about as rash to dogmatize on the succession of organic forms
throughout the world, as it would be for a naturalist to land for five
minutes on a barren point in Australia, and then to disouss the
number and range of its productions.

On the sudden Appearance of Groups of allied Species in the
own Fossiliferous Strata.
There is another and allied difficulty, which is much more serious.
Tallude to the manner in which species belonging to several of the
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main divisions of the animal kingdom suldenly appear in the
lowest known fossiliferous rocks. Most of the arguments which
have convinced me that all the existing species of the same group
are descended from a single progenitor, apply with equal force to
the carliest known species.  For instance, it cannot be doubted that
all the Cambrian and Silurian trilobites are descended. from some
one crustacean, which must have lived long beforo the Cambrian
age, and which probably differed greatly from any known animal.
Some of the most ancient animals, as tho Naatilus, Lingula, &c.,do
not differ much from living species; and it cannot on our theory
o supposed, that these old species were the progenitors of all the
species belonging to the same groups which have subsequently
appeared, for they are not in any degree intermediate in character.
Consequently, if the theory be true, it is indisputable that before
the lowest Cambrian stratum was deposited, long periods elapsed, as
Tong as, or probably far longer than, the whole interval from tho
Cambrian age to the present day; and that during these vast
periods the world swarmed with living creatures. Here we en-
counter a formidable objection ; for it seems doubtful whether the
earth, in a fi state for the habitation of living creatures, has lasted.
long enough. Sir W. Thompson concludes that the consolidation
of the crust can hardly have occurred less than 20 or more than
400 million years ago, but probably ot less than 98 or more
than 200 million years. These very wide limits show how doubt-
ful the data are; and other elements may have hereafter to be
introduced into the problem. Mr. Croll estimates that about
60 million years have clapsed since the Cambrian period, but this,
judging from the small amount of organic change since the com-
‘mencement of the Glacial epoch, appears a very shart time for the
many and great mutations of life, which have certainly occt
since the Cambrian formation ; and the previous 140 million years
can_ hardly be considered as sufficient, for the development of the
varied forms of life which already existed during the Cambrisn
period. 1t is, however, probable, as Sir William Thompson insists,
‘that the world at a very early period was subjected to more rapid
and violent changes in its physical conditions than those now
ocourring ; and such changes would have tended to induce changes
ata corresponding rate in the organisms which then existed.
To the question why we do not find rich fossiliferous deposits
belonging to these assumed earlicst periods prior to the Cambrian
system, | can give no satisfactory answer. Several eminent Ze0-
logists, with Sir R. Murchison at their head, were until recently
convinced that we beheld in the organic remains of the lowesé
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Silurian stratum the first dawn of life. Other highly competent
judges, as Lyell and E. Forbes, have disputed this conclusion.
We should not forget that only a small portion of the world is
known with accuracy. Not very long ago M. Barrande added
another and lower stage, abounding with new and. peculiar speoics,
beneath the then known Silurian system; and now, still lower
down in the Lower Cambrian formation, Mr. Hicks has found
in South Wales beds rich in trilobites, andcontaining various
molluses and annelids. The presence of phospbatio nodules and
bitaminous mate, e in oo of the lowest azoic rocks, probably
indicates life at these periods ; and the existence of the Eozoon in
S o o s sl b e
are three great series of strata beneath the Silurian system in
Canada, in. the lowest of which the Eozoon is found.  Sir W.

an states that their “united thickness may possibly far surpass
“that of all the succeeding rooks, from the baso of the palozoic
“serics to the present time. We are thus carried back to a period
“so remote, that the appearance of the so-called Primordial fauna
“(of Barrande) may by some be considered as a comparatively
“modern event.” The Eozoon belongs to the most lowly organised
of all classes of animals, but is highly organised for its class ; it
existed. in countless mumbers, and, as Dr. Dawson has remarked,
cortainly preyed on other minute organic beings, which must, have
lived in great numbers. Thus the words, which I wrote in 1859,
about the existence of living beings long before the Cambrian
period, and which aro almost the same with those since used by
ir W, Logan, have provod trus. - Nevertholos, tho difioulty of
assigning any good reason for the absenco of vast piles of strata
e bt Goc eyt iy great. 1t does
not scem probable that the most ancient beds have been quite
wom away by denudation, or that their fossils have been wholly
obliterated by metamorphic action, for if this had been the case
we should have found only small remnants of the formations next
succoeding them in age, and these would always have existed in &
partially metamorphosed condition.  But the descriptions which we
possess of the Silurian deposits over immense territories in Russia
and in North America, do not support the view, that the older &
formation is, the more invariably it has suffered extreme denudation

The case at present must romain 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
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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 largo islands
or tracts of land, whence the sediment was derived, oceurred in the
neighbourhood of the now existing continents of Europe and
North America.  This same view has since been maintained by
Agussiz and others.  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 theso intervals
existed as dry land, or as a submarine surface near land, on which
sediment, was not deposited, or as thobed 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 hardly one
truly oceanic island (with the exception of New Zealand, if this
can be called a truly oceanic island) is as yet known to afford even
a remnant of any palizozoic or secondary formation. Hence wo 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, paleozoic and secondary forma-
tions would in all probability have been accumulated from sediment,
derived from their wear and tear; and these would have been at
least partially upheaved by the oscil
have intervened 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 extended from. the remotest period.
of which we have any record; and on the other hand, that whers
continents now exist, large tracts of land have existed, subjected no
doubt to great oscillations of level, since the Cambrian 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 clevation. But we have 1o reason to assume
that things have thus remained from the beginning of the world.
Our continents seem 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
azes? At a period long antecedent to the Cambrian epoch, con=
tinents may have existed where oceans are now spread out; and
clear and open oceans may have existed where our continents oW
stand, Nor should we be justified in assuming that if, for instance,
the bed of the Pacific Ocean were now converted into a continenty
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we should there find sedimentary formations in a recognisable
condition older than the Cambrian strata, supposing such to have
been formerly deposited ; for it might well bappen that strata
which had subsided some miles nearer to the centro of the carth,
and which had been pressed on by an enormous weight of superin-
cumbent, water, might have undergone far more metamorphic action
than strata which have always remained nearer to the surface.
The immense arcas in some parts of the world, for instanco in
South Americs, of naked metamorphic rocks, which must have been
Tieated 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 th
Cambrian epoch in a completely metamorphosed and denuded
condition,

The several difficulties hero discussed, namely—that, though wo
find in our geologieal formations many links between the species
which now exist and which formerly existed, wo do not find
infinitely numerous fine transitional forms closely joining them all
together j—the sudden manner in which several groups of specics
first appear in our European formations ;—the almost entire absence,
as at present known, of formations rich in fossils bencath the
Cambrian strata,—are all undoubtedly of the most serious nature.
We se this in the fact that the most eminent palzontologists,
‘namely, Cavier, Agassiz, Barrande, Pictet, Falconer, E. Forbes, &c.,
and all our greatest geologists, as Lyell, Murchison, Sedgwick,
&e., have unanimously, often vehemently, maintained the immu-
tability of species.  But Sir Charles Lyell now gives the support of
his high authority to the opposite side; and most geologists and
Jalwontologists are much shaken in their former belief. Those
who believe that the geologieal record is in any degree perfect, will
undoubtedly at once reject the theory. For my part, following out
Lyell's metaphor, I look at the geological 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 fow lincs. Each word of the slowly-changing language, more or
less different in the successive chapters, may represent the forms of
life, which are entombed in our conseeutive formations, and which
falsely appear o us to have been abruptly introduced. On this
‘view, the difficulties above discussed are greatly diminished, or even
disappear,

v
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CHAPTER XL

Ox THE GEOLOGICAT SUcCESSION oF ORgANIC Brry

5

On the slow and successive appearance of new species—On their diffrent

. rates of change — Species once lost do not eappear — Groups of species

follow the same general rules in their appearance and disappearsnce as

do single species—On_extinction —On simultaneous changes in the

forms of lfe throughout the world — On the affinities of extinct species

to each other and to living species—On the state of development of

ancient forms— On the succession of the same types within the same
areas — Summary of preceding and present chapter.

Lot us now sce whether the several facts and laws relating to the
geological succession of organic beings accord best with the common
view of the immutability of species, or with that of their slow and
gradual modification, through variation 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 tho evidence on this head in the caso of the several
tertiary stages 3 and every year tends to fill up the blanks between
the stages, and to make the proportion between the lost and exist-
ing forms more gradual. In some of the most recent beds, though
undoubtedly of high antiquity if measured by years, only oue or
two species are extinet, and only one or two are new, having
appeared. there for the first time, cither locally, or, as far as we

ow, on the face of the earth. The secondary formations are
more broken ; but, as Bronn has remarked, neither the appeaance
nor disappearance of the many species embedded in cach formation
has been simultancous.

Species belonging to different genera and classes have not changed.
at the sume Tate, or in the same degree. In the older tertiary
‘beds a few living shells may still be found in the midst of a mul-
titude of extinet' forms. Falconer has given a striking instance
of a similar fact, for an existing erocodile is associated with many
lost mammals and reptiles in the sub-Himalayan deposits. ‘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

Danwin Online: By permission of the Trustees of the Natural History Museum
(London). "




Cuar. XI. of Organic Beings. 291
e
scem to have changed at a quicker rate than those of tho sea, of
which a striking instance has been observed in Switzerland. There
is some reason to believe that organisms high in the scale, change
more quickly than those that are low : though there ate exceptions
fo this rule. The amount of organic change, as Pictet has remarked,
is not the same in each successive so-called formation.  Yet if we
compare any but the most closely related formations, 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
eliove that the same identical form ever reappears. The strongest
apparent, exception to this latter ule is that of tho so-called
«colonies” of M, Barrande, which intrude for a period in the midst of
an older formation, and then allow the pre-existing fauna to reappear;
but Lyells explanation, namely, that it is a case of temporary
‘migration from a distinet geographical province, seems satisfactory.

Theso several fucts accord well with our theory, which includes
10 fixed law of development, causing all the inhabitants of an area
to change abruptly, o simultancously, or to an equal degree. The,
rocess of modification must be slow, and will generally affect only
a few species at the same time; for the variability of each species
is indepondent of that of all others. Whether such variations or
individual differences as may arise will be accumulated through
natural selection in a greater or less degree, thus causing a greater
o less amount of permanent modification, will depend on many
complexcontingencies—on the variations being of a beneficial
nature, on the freedom of intercrossing, on the slowly changing
physical. conditions of the country, on the immigration of new
colonists, and on the naturo of tho other inhabitants with which
the varying species come into competition. Hence it is by mo
‘means surprising that one_species should retain the same identical
form much: longer than ofhers; or, if changing, should change in
less dogree. We find similar relations between the existing inhia-
Ditants of distinct countries; for instance, the land-shells and
coleopterous insects of Madeira have come to differ considerably
itom 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 terestrial
and in more highly organised productions 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 any area
have become modified and improved, we can understand, on the
principle of competition, and from tho all-mportant relations of

v2
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organism to organism in the struggle for life, that any form which
did not become in some degree modified and improved, would be
liable to extermination. Hence wo see why all the species in the
same region do at last, if we look to long enough intervals of time,
Tecome modified, for otherwise they would become extinct,

Tn members of the sume class the average amount of changs,
during long and equal periods of time, may, perhaps, be nearly the
same; but as the acoumulation of enduring formations, rich in
fossils, depends on great masses of sediment being deposited on
subsiding arcas, our formations have been almost necessarily acou-
mulated 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 sccne, taken almost at hazard, in an ever
slowly changing drama.

We can clearly understand why a. species when once lost should
nover reappear, even if the very same conditions of life, organic and
inorganic, should recur. For though the offspring of ane species
‘might be adapted (and no doubt this has occurred in innumerable
instances) to fill the place of another species in the esonomy of
nature, and thus supplant it; yet the two forms—the old and the
new—would not be identically the same; for both would almost
certainly inherit different characters from their distinot progenitors;
and organisms already differing would vary in a different manner,
For instance, it is possible, if all our fantail pigeons were destroyed,
that fanciers might make @ new breed. hardly distinguishable from
the present breed ; but if the parent rock-pigeon were likewiso
destroyed, and under nature we have every reason to believe that
parent-forms are generally supplanted and exterminated by their
improved offspring, it is incredible that a fanta, identical with the
existing broed, could be raised from any other species of pigeon, oF
even from any other well-cstablished race of the domesti pigeon,
for the successive variations would almost certainly be in some
degree different, and the newly-formed variety would probably
inherit. from its progenitor some characteristic differences.

Gronps of species, that is, gener and familics, follow the samo
gencral rules in their appearance and disappearance 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. I am
aware that there are some apparent exceptions to this rule, but tho
exceptions are surprisingly few, 5o few that E. Forbes, Pictet, and.
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Woodward (though all strongly opposed tosuch views as T maintain)
admit its truth ; and the rule strictly accords with the theory. For
all the species of the same group, however long it may have lasted,
are the modified descendants, one from the other, and all from a
common progenitor, In the genus Lingula, for instance, the species
which have successively appeared at all ages must have been con-
nected by an unbroken serics of generations, from the lowest
Silurian stratum to the present day.

We have seen in the last chapter that wholo groups of species
sometimes falscly appear to have been abruptly developed ; and
1 have attempted to give an explanation of this fact, which if true
would be fatal to my views. But such cases are certainly excep-
tional; the general rule being a gradual increase in number, until
the group reaches its maximum, and then, sooner or later, a gradual
deorease, Tf the number of the species included within a genus,
o the number of the genera within a family, be represented by a
vertical line of varying thickness, ascending through the successive
geological formations in which the species are found, the line will
sometimes falsely appear to begin at its lower end, not in a sharp
point, but abruptly; it then gradually thickens upwards, often
Keeping of equal thickness for a space, and ultimately thins out in
the upper beds, marking the decrease and final extinction of the
species. This gradual increase in number of the species of a group
is striotly conformable with the theory, for the species of the samo
genus, and the genera of the same family, can increase ouly slowly
and progressively; the process of modification and the production
of a number of allied forms necessarily being a slow and_gradual
‘rocess,—one species first giving rise to two or three varicties, theso
Deing 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 treo from a single stem, till the group becomes
large.

On Estinetion.

We have as yet spoken only incidentally of the disappearance of
species and of gronps of species. On the theory of natural selection,
the extintion 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 becn swept away by catastrophes
ab successive periods is very generally given up, even by those
geologists, as Elie de Beaumont, Murchison, Barrande, &o., whoso
general views would naturally lead them to this conclusion. On
the contrary, we have every reason to beliove, from the study of the
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tertiary formations, that species and groups of species gradually
disappear, one after another, frst from one spof, then from another,
and finally from the world. In some fow cases, however, as by the
breaking of an isthmus and the consequent irruption of a multitude
of new inhabitants into an adjoining sea, or by.the final subsidenca
of an island, the process of extinction may have been rapid. Both
single species and whole groups of species last for very unequal
periods; some groups, as we have scen, have endured from the
earliest known dawn of life to the present day; some have dis-
appeared before the close of the palwozoic period. No fixed law.
seems to determine the length of time during which any single
specics or any single genus endures. There is reason to believe tha
the extinction of  whole group of specics is generally a slower pro-
cess than their production : if their appearance and disappearance
be represented, as before, by & 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 the early increase in number of th
species. In somo cases, however, the  extermination of whole
groups, as of ammonites, towards the close of the secondary period,
has been wonderfully sudden.

The extinction of species has been involved in the most gratuitous
mystery. - Some authors have even supposed that, as the individual
has a definite length of lfe, £ have species a definite duration. No
one can have marvelled more than I have done at the extinction of
species. When I found in Ta Plata the tooth of o horse embeddel
with the remains of Mastodon, Megatherium, Toxodon, and ofher
extinct monsters, which all co-existed with still living shells at
very late geological period, T was filled with astonishment; for,
secing that the horse, since its introduction by the Spaniards into
South America, has run wild over the whole country and has
increased in numbers at an unparalloled mate, I asked myself what
could 5o recently have exterminated the former horse under con-
ditions of life apparently so favourable. But my astonishment was
groundless.  Professor Owen soon perceived that the tooth, though
50 like that of the existing horse, belonged to an extinct species.
Had this horse heen still living, but in some degree rare, no naturalist
would have felt the least surpriso at its rarity ; for rarity is the
attribute of a vast number of species of all classes, in all conntries.

[ we ask ourselves why this or that species is e, we answer
that something is unfavourable in its conditions of lifo; but whab
that something is, we can hardly ever tell. On the supposition of
the fossil horse still existing as a rare specics, we might have flt
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certain, from the analogy of all other mammals, even of the slow-
breeding elephant, and from the history of the naturalisation of the
domestic horse in South America, that under more favourable con-
ditions it would in a very few years have stocked the whole
conti But we could not have told what the unfavourable con-
ditions were which checked its increase, whether some one or several
contingenciet, nd.at. what poriod of tho hore’s life, and in what
degree, they severally acted. If the conditions had gone on, how-
ever slowly, becoming less and less favourable, we assuredly should
not have perceived the fact, yet tho fossil horse would certainly
have become rarer and rarer, and finally extinct ;—its place being
seized on by some more successful competitor.

Tt is most difficult always o remember that the increase of every
cretures constantly being checked by unpereived oseleagenclee
and that these same wn gencies are amply suficient to
g A S R T e

that T have heard surprise repeatedly expressed at such great
L R e having
Decome extinet; as if mere bodily strength gavo victory in the
Tattle of life. Mero size, on the contrary, would in some cases
determine, as bas been remarked by Owen, quicker extermination
from tho greater smount,of requisite food. ~ Before man inhabited
Tndia or Africa, some cause must have checked the continued
increaso of the existing elephant. A highly capable judge, Dr.
Falconer, believes that it is chiefly insects which, from incessantly
Bibeicg g wepkeing tho clepiant n Inil, ches s inrese;
nd this was Bruce's conclusion with respect to the African elephant,
R el B e
determine the existence of the larger naturalised quadrupeds in
several parts of S. America.

o 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 exter-
, locally or wholly, through man’s agency.
repeat what I published in 1845, namely, that to admit that species
generally becomo rare before they become extinet—to feel no sur-
prise at the rarity of a species, and yet to marvel greatly when the
species censes {o exist, is much the same as to admit that sickuess
in the individual is the forerunner of death—to feel no surpriso
at sickness, but, when the sick man dies, to wonder and to suspect.
that e died by some deed of violence.

The theory of natural selection is grounded on the belief that
each new variety, and ultimately each new species, is produced and

Darwin Online: By permission of the Trustees of the Natural History Museum
(London).



206 Extinction.

Cuuar. XI.

maintained by having some advantage over thoso with which it
comes into competition ; and the consequent extinction of the less-
favoured forms almost inevitably follows. It is the same with our
domestic.productions ; when o new and slightly improved variety
Tias been raised, it at first supplants the less improved varieties in
the same neighbourhood ; 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 arti-
ficially produced, are bound together. In flourishing groups, the
number of new specific forms which have been produced withina
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 ex-
plained and illustrated by examples, between the forms which aro
most like each other in all respects. Hence the improved and
modified descendants of a species will generally causo the extermi-
mation of the parent-species; and if many new forms have been
developed from any one species, the nearest allics of that species,
4.e. the species of tho same genus, will be the most liable to extermi-
Dation. Thus, as I believe, a number of new species descended
from one species, that is a new genus, comes to supplant an old
genus, belonging to the same family. But it must often have
happened that a new species belonging to some one group has seized
on the place occupied by a species belonging to a distinet group,
and thus have caused its extermination. If many allied forms bo
developed from the successful intruder, many will have to yield
their places; and it will generally be the allied forms, which will
suffer from some inherited inferiority in common. But whether it
e species belonging to the same or to a distinct class, which have
yielded their places to other modified and improved species, a few.
of the sufferers may often be preserved for a long time, from being
fitted to some peculiar line of life, or from inhabiting some distant,
and isolated station, where they will have escaped severe competi-
tion.  For instance, some species of Trigonin, a great genus of shells
in the secondar i vive in the Australian seas; and a few
‘members of the great and almost extinet 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.
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With respect to the apparently sudden extermination of whole
families or orders, as of Trilobites at the closo of the palwozoic
‘period and of Ammonites at the close of the secondary period, we
must remenber what has been already said on the probable wide
intervals of time between our consecutive formations ; and in theso
intervals there may have been much slow extermination. More-
over, when, iy sudden immigration or by unusually rapid develop-
‘ment, many species of a new group have taken possession of an
area, many of the older species will havo been exterminated in o
corréspondingly rapid manner; and the forms which thus yield
their places will commonly be allied, for they will partake of the
same inferiority in common.

Thus, as it seems to me, the manner in which single species and.
whole groups of species become extinct accords well with the theory
of natural selection, We need nob marvel at extinotion; if we
must marvel, let it be ab our own presumption in imagining for a
moment that we understand the many complex contingencies on
vhich the existence of each speoies depends. If we forget for an
: instant, that cach species tends to increaso inordinately, and that

some check is always in action, yet seldom perccived by us, tho
whole economy of nature will be utterly obscured. Whenever we
can precisely say why this species is more abundant in individuals
than hat; why this species and not aother can be naturalised in
a given country; then, and not until then, we may justly feel sur-
prise why we cannot account for the extinction of any particular
species or group of species.

On the Forms of Life clanging almost simultaneously throughout
Vorl

Searcely any palwontological discovery is more striking than the
fact, that the forms of life change almost simultaneously throughout
the world. Thus our European Chalk formation can be rect }
in many distant regions, under the most different climates, where
ot & fragment of the mineral chalk itself can be found ; namely,
in North America, in equatorial South America, in Tierra del
Tuego, at the Cape of Good Hope, and in the peninsula of India.
For at these distant points, the organic remains in certain beds pre-
sent an unmistakeable resemblance to those of the Chalk. It
ot that the same species are met with ; for in somo cases not one
species is identically the same, but they belong to the same fami-
lics, genera, and sections of genern, and sometimes are similarly
characterised in such trifling points as mere superficial sculpture.
Moreover, other forms, which are not found in the Chalk of Europe
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but which oceur in the formations cither above or below, oceur in
the same order at these distant points of the world. In the several
successive palwozoic formations of Russia, Western Europe, and
North America, a similar parallelism in the forms of life has been
observed by several authors : o it is, according to Lyell, with the
Buropean and North American tertiary deposits. Even if the fow
fossil species which are common to the Old and New Worlds wero
kept, wholly out of view, the general parallelism in the successive
forms of life, in the palwozcic and tertiary stages, would still e
‘manifest, and the several formations could be easily correlated.

These observations, however, relate to the marine inhabitants of
the world: we bave not sufficient data. to judge whether the pro-
ductions of the land and of fresh water at distant points change in
the same parallel manner. We may doubt, whether they have thus
changed : if the Megatherinm, Mylodon, Macrauchenia, and Toxo-
don had been brought to Europe from La Plata, without any in
formation in regard to their geological position, no one would have
suspected that they had co-existed with sea-shells all still living;

these anomalous monsters co-cxisted with the Mastodon 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 year, or to the same century,
or even that it has o very strict geological senses for if all the
matine animals now living in Europe, and all those that lived
in Europe during the pleistocene period. (a very remote period as
measured by years, including the whole glacial epoch) were com-
pared with those now existing in South America or in Australia,
the most skilful naturalist would hardly be able to say whether
the present or the pleistocene inhabitants of Europe resembled most
closely those of the southern hemisphere. So, again, several highly
competent observers maintain that the existing productions of the
United States are more closely rolated fo those which lived in
Burope during_certain late tertiary stages, than to the present
inbabitants of Burope ; and if this be so, it is evident that fossili-
ferous beds now deposited on the shores of North America would
hereaiter bo liable to be classed with somewhat clder Enropean
beds. Nevertheless, looking to a remotely future epoch, there can.
‘e little doubt that all the more modern marine formations, namels,
the upper pliocene, the pleistocene and strictly modern beds, of
Europe, North and South America, and Australia, from containing
Sossil remains in some degree allied, and from not including those
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forms which are found only in the older underlying deposits, would.
e correatly ranked as smultancous in a geological sense.

The fact of the forms of life changing simultancously, 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 palozoic forms of life in various
parts of Europe, they add, “1, struck by this strange sequence, wo
“ tum our attention to North America, and there discover a scries
“of analogous phenomen,it will appear certain that all these modi-
“ fications of species, their extinction, and the introduction of new
“ ones, cannot be owing to mere changes in marine currents or other
“ causos more o less local and temporary, but deped.on geen]
s which, govern tho wholo animol kingdom.” M. Bamande
has made forcible remarks to precisely the same cffect. T s, indeed,
quite fatile 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 different climates. We must,
as Barrande has remarked, look o some special law.  We shall sce
this more clearly when we treat of the present distribution of organic
beings, and find how slight is the relation between the physical
conditions of various countries and the nature of their inhabitants.

This great fack of the parallel succession of the forms of life
throughout tho world, is explicable on the theory of natural selec-
tion. New, species are formed by having sowe advantage over
older forms; and the forms, which are already dominant, or have
some advantage over the ofher forms in their own country, give
‘birth to the greatest number of new varieties or incipient species.
We have distinct evidence on this head, in the plants which aro
dominant, that s, which are commonest and most widely diffused,
producing the greatest number of new varicties. It is also natural
that the dominant, varying, and far-spreading species, which have
already 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 other new varicties
and species. The process of diffusion would often be very slow,
depending on climatal and geographical changes, on strange acei-
dents, and on the gradual acclimatisation of new species to the
various climates through which they might have to pass, but in
the course of time the dominant forms would generally succeed in
spreading and would ultimately prevail. The diffusion would, it is
probable, be slower with the {errestrial inbabitants of distinct con-
tinents than with the marine inhabitants of the continuous sea.

* We might therefore expect to find, as we do find, a less strict deareo
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of parallelism in the succession of the productions of the land than
with those of the sea.

Thus, as it seems to me, the parallel, and, taken in a large sense,
simultaneous, succession of the samo forms of life throughout the
world, accords well with the principle of new specis having bean
formed by dominant species spreading widely and varying ; tho new
species thus produced being themselves dominant, owing to their
having had some advantage over their already dominant parents, as
well as over other species, and again spreading, varying, and pro-
ducing vew forms, The old forms which are beaten and which
yield their places to the new and victorious forms, will generally bo
allied in groups, from inheriting some inferiority in common; and
therefore, as new and improved groups spread throughout the world,
old groups disappear from the world ; and the succession of forms
everywhere tends to correspond both in. their first appearance and
final disappearance.

s one other remark connected with this subject worth
making. T have given my reasons for believing that most of our
great formations, rich in fossils, wero deposited during periods of
subsidence; and that blank intervals of vast duration, as far 8
fossils are concerned, occurred during the periods when the bod of
the sea was either stationary or rising, and likewise when sediment
was not, thrown down quickly enongh to embed and preserve organic
rem During these long and blank intervals T suppose that the
inbabitants of each region underwent a considerable amount of
modification and extinction, and that there was much migration
from other parts of the world. As we have reason to believe that
largo areas are affected by the same movement, it is probable that
strictly contemporaneous formations have often been accumulated
over very wide spaces in the same quarter of the world; but we aro
very far from having any right to conelude that this has invariably
Teen the case, and that large areas have fnvariably been affected by
the samo movements.  When two formations have been deposited
in two rogions during nearly, but not exactly, the sume period, W
Rt e 5 o (Y explained in the forogoing
poragraphs, the ssme general succession in the forms of life; bub
the species would not exactly correspond ; for there will have been.
a little more time in the one region than in the other for modifics-
tion, extinetion, and immigration. :

T suspect that cases of this mature occur in Furope. M
Prestwich, in his admirable Memoirs on the eocene aepmu of
Fngland and France, is able to draw a close general parallelism
Detween the successive stages in the two countries; but when be
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compares certain stages in England with thoso in France, although
e finds in both a curious accordance in. the mumbers of the species
belonging to the same genera, yet tho species themselves differ in
» manner very difficult to account for considering the proximity
of the two areas,—unless, indeed, it be assumed that an isthuus
scparated two seas inhabited by distinct, but contemporancous,
founas.  Lyell has mado similar observations on some of the later
tertiary formations.  Barrande, also, shows that there is a striking
general parellelism in the successive Silurian deposits of Bohemia
and Scandinavia; nevertheless he finds & surprising amount of
difference in the species. If the several formations in these regions
Tave not been deposited during the same exact periods,—a forma-
tion in one region often corresponding with a blank interval in the
other,—and if in both regions the species have gone on slowly
changing during the accumulation 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,
nd the order would falsely appear to be strictly parallel; never-
theless the species would not be all the same in the apparently
corresponding stages in the two regions.

On the Afintcs of Betinct pece o each afer, and o Living

Tet us now look to the muu\nl Mﬁnmes s
species.All fall into a fow grand classes ; and
ol R R o
is, the more, as o general rule, it differs from living forms. Dut,
2 Buckland long ago remarked, extinct specics can all bo classed
either in still existing groups, or between them. That the extinct
forms of life help to fll up the intervals between existing genera,
families, and onders, is certainly truo; but as this statement has
often been ignored or even denied, it may be well to make some
remarks on this subject, and to give some instances. If we confine
our attention. either to the living or to the extinct species of the
same class, the series is far less perfect than if we combine both into
one general system. In the writings of Professor Owen we continually
‘meet with the expression of generalised forms, as applied to extinct.
animals; and in the writings of Agassiz, of prophetic or synthetic
types; and these terms imply that such forms arc in fact inter-
‘mediate or conncoting links. - Another distinguished palontologist,
M. Gaudry, has shown in the most striking manner that many of
the fossil mammals discovered by him in Attica serve to break

g
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down the intervals between existing genera. Cuvier ranked the
Ruminants and Pachyderms, as two of the most distinct orders of
mammals; but so many fossil links have been disentombed that
Owen has had to alter the whole classification, and has placed
certain pachyderms in the ssmo sub-order with rominants; for
cxample, he dissolves by gradations the apparently wide interval
between the pig and the camel. The Ungulata or hoofed quad
rupeds are now divided into the oven-toed or odd-toed divisions;
but the Macrauchenia of S. America conneots to o certain extent
these two grand divisions. No one will deny that the Hipparion is
intermediate between the existing horse and_ certain older ungulate
forms. What a wonderful connecting link in the chain of mammals
s the Typoth rom 8. America, as the name given to it by
Professor Gervais expresses, and which cannot be placed in any
existing order. The Sirenia form a very distinet group of mammals,
and ono of the most remarkable peculiarities in the existing dugong
and lamentin is the entire absence of hind limbs, without even o
rudiment being loft; but the extinet Halitherium had, according
to Professor Flower, an ossified thigh-bone “articulated to a well-
defined acetabulum in the pelvis,” and it thus makes some approach.
to ordinary hoofed quadrupeds, to which the Sirenia are in other
respects allied.  The cofaceans or whales are widely different, from.
all other mammals, but the tertiary Zenglodon and Squalodon,
which have been placed by some naturalists in an order by them-
selves, are considered by Professor Huxley to be undoubtedly cefa-
ceans, “and to constitute connecting links with the aquatic car-
nivora.”

Bven the wide interval between birds and reptiles has been
shown by the naturalist just quoted to be partially bridged over in
the most unexpected manner, on the one hand, by the ostrich and
extinct Archeopteryx, and on the other hand, by the Compso-
gnathus, one of the Dinosaurians—that group which ineludes the
most gigantic of all terrestrial reptiles. Turning to the Inverte-
rata, Barrande asserts, and a higher authority could not be named,
that e 3 every day taught that, although palwozoic animals can
certainly be classed under existing groups, yet that at this ancient
period the groups were not so distinetly separated from each other
as they now are.

‘Some writers have objected to any extinct species, or group of
species, being considered a5 intermediate between any two living
species, or groups of species. If by this temm it s meant that
au extinct form is directly intermediate in all its characters be-
twveen two living forms or groups, the objection is probably valid
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But in  natural classification many fossil. species certainly stand
between living species, and somo extinct genera bet
genera, oven betiveen genera belonging to distinct fumilies. The
most. common case, especially with Tespect to very distinct groups,
such as fish and reptiles, seems to be, that, supposing them to be
distinguished at the present day by a score of characters, the ancient

bers arc separated by a somewhat lesser number of characters 3
5o that the two groups formerly made & somewhat nearer appronch
to each other than they now do,

It s a common belief that the moro ancient a form is, by so
‘much the more it tends to connéct by some of its characters groups.
ow 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 difficalt
to prove the truth of tho proposition, for every now and then even
a living animal, as the Lepidosiren, is discovered baving affinities
dircoted towards very distinct groups.  Yet if we compare the
older Reptiles and Batrachians, the older Tish, the older Cepha-
lopods, and thio cocene Mammals, with the more recent members
of the same classes, we must admit that thero is truth in the
remark.

Lot us sco how far these several facts and inferences accord with
the theory of descont with modification. As the subject is some-
what complex, I must request the reader to turn to the diagram
in the fourth chapter. » We may suppose that the numbered letters
in italics represent gener, and the dotted lines diverging from
them the species in each genus. The diazram is much too simple,
too fow genera and too fow specics being given, but this is un-
important for us. The horizontal lines may represent successive
soological formations, and all the forms beneath the uppermost
line may be considered as extinct. The threo existing gonora

at, @4, 7, will form o small family; 3 and /* a closely allied
family or sub-family ; and 0% €%, %, a third family. These
three families, together with the many extinct genera on tho
several lines of descent diverging from the parent-form (A) will
form. an order for all will have Iokotad. it e
from their ancient, progenitor. rinciple of the continued
tendency to divergence of ch’nmm which was formerly illus-
trated by this diagram, the more recent any form is, the more
it will geverally differ from its ancient progenitor. Hence we
can understand. tho rule that the most ancient fossils differ most
from existing forms. We must not, however, assume that diver-
gence of character is @ necessary contingency ; it depends solely
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on the descendants from o species being thus enabled to seize on
many and different places in the cconomy of nature, Therefore it
is quite pc-sslblc, as we have seen in the case of some Silurian forms,
that a species might go on being slightly modified in relation to
i alightly altered conditons of i and yet rotain throughout o
vast period the samo general characteristics. This is reprosent

in the diagram by the Totter vit,

Al the many forms, extinct and recent, descended from (A),
make, as before remarked, one order; and this order, from the
continued cffects of extinction and divergence of character, has
Tecome divided into several sub-families and families, some of
which are supposed o 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 extinct
forms supposed to be imbedded in the successive formations, were
discovered at several points low down in the sorics, the thres
existing families on the uppermost line would be rendered less
distinct from cach other. If, for instance, the gencra a, d’, 0%,
% mé, mS, 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. Yot he who objected to
consider as intermediate the extinct genera, which thus link together
the living genera of threo families, would bo partly justifed, for
they are intermediate, not directly, but only by a long and cir-
eslicna o Chrongmcy mioayed e e

inct forms were to. be discovered above one of the middle
Horisoatal lipo on oA o L

. VL—but none from beneath this line, then only two of
the families (those on the loft hand, ¥, &e., and B, &) would
have to be united into one; and there would remain two families,
which would be less distinet from each other than  they were
‘efore the discovery of the fossils. So again if the three families
formed of eight genera («'* to m™), on the uppermost line, bo
supposed to differ from each other by half-a-dozen important
characters, then tho families which existed at the period marked
VI would certainly have differed from each other by a less number
of characters; for they would at this early stage of descent have
diverged in a less degree from their common progenitor. Thus it
comes that ancient and extinct genera are often in a greater or less
degreo intermediate in character betsween their modified descendants,
or between their collateral relations. 3

Under aature the proscs wil bo fr more compliated tha i8
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represented in the diagram; for the groups will have been moro
‘numerous 5 they will have endured for extremely unequal lengths
of time, and will have been modified in various degrees. As wo
‘possess only the last volume of tho geological record, and that in
a very broken condition, we have mo right to expect, except
in rare cases, to fll up the wide intervals in the natural system,
and thus to unite distinet families or orders. ALl that we have
a Tight 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
samo groups; and this by the concurrent evidence of our best
palzontologists is frequently the case.

Thus, on the theory of descent with modification, the main facts
with respect to the mutual affinities of the extinet forms of lifo
to each other and to living forms, are explained in a satisfactory
manner.  And they are wholly inexplicable on any other view.

On this same theory, it is evident that the fauna during any
one great period in the carth’s history will be intermediate in
general character between that which preceded 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 ffth stage, and are the parents of those which
became still more modified at the seventh stago hence they could
hardly fail to be nearly intermediate in character betiween the forms
of life above and below. 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 during the long and blank intervals between.
the successive formations. Subject to these allowances, the fauna.
of each geological period undoubtedly is intermediate in character,,
between the preceding and 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 palontologists as intermediate in character
between those of the overlying carboniferous, and underlying
Silurian systems. But each fauna is not necessarily exactly inter-
‘mediate, as unequal intervals of time have elapsed between cons
secutive formations.

It is 1o real objection to the trath of the statement that the
fauna of each period as a whole is nearly intermediate in character
betiween the proseding and suceeeding faunas, that certain genera

x
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offer exceptions to the rule. ~ For instance, the species of mastodons
and clephants, when arranged by Dr. Falconer in two series—iy
the first place according to their mutual affinities, and in the second
place according to their periods of existence,—do not accord f
arrngement. ‘The species extreme in character are ot the oldest
or the most recent; nor are those which aro intermediato in ghye
racter, intermediate i age. But supposing for an instant, in thiy
and other such cases, that the record of the first appearance and
disappearance of the species was complete, which is far from the
case, we have no reason to Ielieve that forms successively producel
necessarily enduro for_corresponding lengths of time. A very
ancient form may occasionally have lasted much longer than a forg
elsewhere subsequently produced, especially in the case of ferres:
trial productions inhabiting separa ets. To compare small
things with great ; if the principal living and extinct races of the
domestic pigeon were arranged in serial affinity, this arngement
would not closely accord with the order in time of their production,
and even less with the order of their disappearance for the pareat
rock-pigeon still lives; and many varieties between the ‘Tock-pigeon.
and the carrier have become extinet; and carriers which aro
extreme in the important character of length of beak originated
carlier than short-beaked tumblers, which are at the opposite end
of the series in this respect.
Closely connected with the statement, that the organio remains
m an intermediate formation are in some degree intermediate
in character, is the fact, insisted on by all palmontologists, that
fossils from two consecutive formations are far more closely related
to each other, than are the fossils from two remote formations.
Pictet gives as a well-known instance, the general resemblance of
the organic remains from the several stages of the Chalk formae
tion, though tho species are distinct in each stage. This fact alone,
from its generality, seoms to have shaken Professor Pictet in
“his belief in the immutability of species. He who is acquainted
with the distribution of existing species over the globe, will ot
attempt to account for the close resemblance of distinct species in
closely conseoutive formations, by the physical condition
ancient areas having remained nearly the same. Let it be remem-
bered that the forms of ife, at least those inhabiting the sen, have
changed almost simultancously throughout the world, and there-
fore under the most different climates and conditions. Cansider
the prodigious vicissitudes of climate during the pleistocene period,
which includes the whole glacial cpoch, and note how little the
specific forms of the inhabitants of the sea have been aflected.
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On the theory of descent, the full meaning of the fossil remains
from closely consecutive formations being closely related, though
ranked as distinet specics, is obvious.  As the accumulation of each
formation has often been. interrupted, and as long blank intervals
have intervened between successive formations, we ought not to
expect to find, as T 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: hut we ought to find after intervals, very long as 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 fiod,
in short, such evidence of the slow and searcely sensible mutations
of specific forms, as we have the right to expect.

On the State of Development, of Ancient compared with Living
Forms.

We have seen in the fourth chapter that the degreo of differentia-
and specialisation of the parts in 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 tho speciali-
sation of parts s an advantage to cach being, so natural selection
will tend to render the organisation of each being more specialised
and perfect, and in this senso higher; not but that it may leave
many creatures with simple and unimproved structures fitted for
simple conditions of life, and in some cases will even degrade or
implify the organisation, yet leaving such degraded beings better
fitted for their new walks of life. In another and more general
‘manner, new species hecome superior to their predecessors ; for they
have to beat in the struggle for life all the older forms, with which
they come into close competition. We may therefore conclude
that if under a nearly similar elimate the eocene inhiabitants of the
world could be put into competition with the existing inbabitants,
the former would be beaten and exterminated by the latter, as
would the secondary by the cocene, and the palmozoic by the
secondary forms. 8o 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 scleetion, to
stand higher than ancient forms. Is this the case? A large
‘majority of palmontologists would answer in the affirmative ; and it
scems that this answer must be admitted as true, though diffioult of

proof.
It is no valid objection to this conclusion, that certain Brachiopods
x2
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have been but slightly modified from an extremely remote geclogical
cpoch ; and that certain land and fresh-water shells have remained.
nearly the same, from the time when, as far as is known, they first.
appeared. Tt is not an insuperable difficulty that Foraminifera have
not, as insisted on by Dr. Carpenter, progressed in organisation since
even the Laurentian_epoch ; for some organisms would have fo.
remain fitted for simple conditions of life, and what could bo better
fitted for this end than these lowly organised Protozoa? Such
objections as the above would bo fatal to my view, if it included
advance in organisation as a necessary contingent. They would
likewise be fatal, if the above Foraminifera, for instance, could e
proved to have first come into existence during the Laurentiaf
epoch, or the above Brachiopods during the Cambrian formation; for
in this case, there would not have been time sufficient for the
development, of these organisms up to the standard which they
had then reached. When advanced up to any given point, there is

coossity, on the theory of matural selection, for their further
continued progress ; though they will, during each successive age,
have to be slightly modified, so as to Told their places in relation to
slight changes in their conditions. The foregoing objections hinge
on the question whether we really know how old. the world is, and
at what period the various forms of lifo first appeared; and this
may well be 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, to show with
unmistakeable 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 whi
forms ought to be ranked as highest: thus, some look at the
“selaceans or sharks, from their approach in some important points

of structure to roptiles, as the highest fish ; others look at the

teleosteans as the highest. The ganoids stand intermediate between
the sclaceans and. teleosteans; tho latter at the present day are
largely preponderant in number; but formerly selaceans

ganoids alone existed ; and in this case, according to the standard
of highness chosen, so will it be said that fishes have advanced of
retrograded in organisation. To attempt to compare members of
distinct types in the scale of highness scems hopeless; who will
decide whether a euttle-fish be higher than a bee—that insect whicl:
the great Yon Baer believed to be “in fact more highly orgauisel
than a fish, although upon another type »? In the complex struggl®
for life it is quite credible that crustaceans, not very high in their
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own class, might beat cephalopods, the highest molluses ; and such
erustaceans, 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. Besides these inherent difficulties in de-
ciding which forms are the most advanced in organisation, we ought
not solely to compare the highest members of a class at any two
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 molluscoidal animals, namely, cephalo-
pods and brachiopods, swarmed i numbers; atthe present ime botl
in organisation,
have Jargely increased ; cmucquently some naturalists maintain
that molluscs were formerly more highly developed than at present ;
but a stronger case can be made out on the opposite side, by con-
sidering the vast reduction of brachiopods, and the fact that our
existing cephalopods, though fow in number, are more highly orga-
nised than their ancient representatives. We ought also to compare
the relative proportional numbers at any two periods of the high and
low classes throughout the world : if, for instance, at the present
day fifty thousand kinds of vertebrate animals exist, and if we knew
that at some former period only ten thousand kinds existed, we
ought to look at this increase in number in the highest class, which
implics  great displacement of lower forms, as a decided advance
in the organisation of the world. We thus sce how hopelessly
difficult; it is to compare with perfect fairness, under such extremely
complex relations, the standard of organisation of the imperfectly-
Jmown funas of successive periods,

We shall appreciate this dificulty more clearly, by looking to
certain existing faunas and floras. ¥rom the extraordinary manner
in which European productions have recently spread over New
Zealand, and have seized on places which must have been previously
occupied by the indigenes, we must believe, that if all the animals
and plants of Great Britain were set frco in New Zealand, a multi-
tude of British forms would in the course of time become thoroughly
naturalised. there, and would exterminate many of the natives. On
the other hand, from the fact that hardly a single inhabitant of the
southern hemisphiere has become wild in any part of Europe, we
may well doubt whether, if all the productions of New Zealand were
set free in Great Bitain, any considerablo number would be enabled.
40 seize on places now occupied by our mative plants and animals.
Under this point of view, the productions of Great Britain stand
much higher in the scale than those of New Zealand. Yet the
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most skilful naturalist, from an examination of the species of the
two countries, could not have foreseen this result.

Agassiz and soveral other highly competent judges insist that
ancient animals memblu to a certain extent the embryos of recent
animals belonging to the same classes ; and that the geological
cemsion o exkingt firmat e mpely pera Tt embryological
development, of existing forms. This view accords admirably well
with our theory. In a fature chapter T shall attempt to show thas
the adult differs from its embryo, owing to variations having
supervened at a not carly age, and baving been 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 former and less modified condition of the specics. This view
may be true, and yet may never be capable of proof. Sceing, for
instance, that the oldest known mammals, reptiles, and fishes
strictly belong to their proper classes, though some of theso old
forms are in a slight degree less distinet from each other than are
tho typcal members of the sime groups at tho prent day, it
would be vain to look for animals having the common embryological
character of e Vertebrata, until beds rich in fossils are discovered
far beneath the lowest Cambrian strata—a discovery of which the
chance is small,

On the Succession of the same Types within Hw same Areas,
during the later Tertiary pe

M. Clift many years ago showed that the fmml ‘mammals from
the Australian caves were closely allied to the living marsupials
of that continent. In Sonth America, & similar relationship is
‘manifest, even to an uneducated eye, in the gigantic pieces of
armour, like those of the armadillo, found in several parts of La
Blata; and Frofessor Omen bas shown i the moe tiking maumer
that most of the fossil mammals, bun«l there in such numbers,
related to South American types. This relationship is even moro
clearly seen in the wonderful collection of fossil bones made by MM.
Lund and Clausen in tho caves of Brazil. T was so much impressed
with these facts that I strongly insisted, in 1539 and 1845, on his
“law of the succession of types,"—on * this i
in the same continent between the dead and. Lhe living.” Profe
Owen has subsequently extended the same gem\luuhon to the
mammals of the 0ld World, We sce the same lay in this author's
Testorations of the extinet and gigantic birds of New Zealand. We
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seo it also in the birds of the caves of Brazil. Mr. Woodward bas
shown that the same law holds good with sea-shells, but, from the
wide distribution of most molluscs, 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
sad iing Dokl wata bl o the ‘Aralo-Caspian

ow what does this remarkable law of the succession of the

same types within the same areas mean? He would bo a bold man
who, after comparing the present climate of Australia and of parts of
South America, under the same latitude, would attempt to account,
on the one hand through dissimilar physical conditions, for the
dissimilarity of the inhabitants of these two continents; and, on the
other hand through similarity of conditions, for the uniformity of
the same types in each continent during the later tertiary periods.
Nor can it be pretended hat it is an immutable law that marsupials
should have been chiefly or solely produced in Australia ; or that
Tdentata and other American types should have been solely produced
in South America. ~For we know that Burope in ancient times was
peopled by numerous marsupials; and I have shown in the publi-
cations 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 continent; and the southern half was
formerly more closely allied, than it is at present, to the northern
half. In a 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 isat 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 cach 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 sume manner and degree. But after very long mmm of
time, and after great geographical changes, permitting much inter-
migration, the feeblr w1l yield to_the ot dominaat forms, and
Oii?w will be nothing immutable in the distribution of organic

in

Tt may bo asked in ridicule, whether T suppose that the mogathe-
rium and other allied huge mousters, which formerly lived in
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South America, have left behind them the sloth, xrmadlllo, wd
anteater, as their degenerate descondants. Thi
antast baladeIG Mo hugs selnmagiizsuieee whnl\y
extinet, and have left no progeny. But in the caves of Brazil,
there are many extinct species which are closely allied in size and
in all other characters to the species still living in South- America ;
and some of these fossils may have been the aotual progenitors of
the living species. It must not be forgotten that, on our theory,
all the species of the same genus aro the descendants of some ong
species ; 5o that, if six genera, cach having eight species, be found in
one geological formation, and in a succeeding formation there bo six
other allicd o ropresentative genera each with the same number of
species, then we may conclude that generally only one species of each
of the older genera has loft modified descendants, which constitute
the new genera containing the several species; the ofher seven
species of each old genus having died out and left no progeny. Or,
and this will be a far commoner case, two or three species in two
ot alme o s i ol gmarn il o i SR
other species and the other whole genera having. Eo
Sieny extince Tn falioe crders with thol Gara RS
ocresing in mumbers aa Js tho case with tho Tidentata of South
America, still fewer genera and species will leave modified blood-
descendants.

Summary of the preceding and present Chapters.

1 have attempted to show that the geological record is extremely
imperfect ; that only a small portion of the globe has been geo-
logically explored with care; that only certain classes of orzanio
beings have been largely preserved in a fossil state; that the
mumber both of specimens and of species, preserved in our museums,
is absolutely as nothing compared with the number of generations
which must have passed away even during a single formation; thut,
owing to subsidence being almost necessary for the accum
of deposits rich in fossil species of many kinds, and thick enough &
outlast fature degradation, great intervals of time must have clapsed
‘between most of our successive formations ; that there has probably
Teen 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 dura~
tion of specific forms; that migration has played an important part
in the first appearance of new forms in any one arca and formation s
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that widely ranging species are those which have varied most fre-
quently, and_ have oftencst given rise to new species; that varieties
have at first been local; and lustly, although each species must
Tave passed through numerous transitional stages, it is probuble
that the periods, during which cach underwent modification, though
many and long as measured by years, have been short in com-
parison with the periods during which each remained in an un-
changed condition. These causes, taken conjointly, will to a large
extent explain why—thongh we do find many links—we do not
find interminable varietics, connecting together all extinct and
existing forms by the finest graduated steps. 1t should also bo
constantly borne in mind that any linking variety between two
forms, which might be found, would be rauked, unless the wholo
chain could be perfectly restored, as a new and distinct species
for it is not pretended that we have any sure criterion by which
species and varieties can be discriminated.

He who rejects this view of the imperfection of the geological
record, will rightly reject the whole theory. For he may ask in
vain where aro the mumberless transitional links which must
formerly have connected the closely allied or representative species,
found in the successive stages of the same great formation ?

‘may disbelieve in the immense intervals of time which must have
elapsed betwveen our consecutive formations ; he may overlook how
important a part migration has played, when the formations of any
one great region, as those of Europe, are considered ; he may urge
the apparent, but often falsely apparent, sudden coming in of whole

ips of species. He may ask where are the remains of those
infinitely numerous organisms which must have existed long before
the Cambrian system was deposited? We now know that at least
one animal did then exist; but T can answer this last question
only by supposing that where our oceans now extend they have
extended for an enormous period, and where our oscillating con-
tinents now stand they have stood since the commencement of the
Cambrian system ; but that, long before that epoch, the world pre-
sented a widely different aspect ; and that the older continents,
formed. of formations older than any known to us, exis
as remnants in a metamorphosed condition, or lie still buried under
the ocean.

Passing from these difficultics, the other great leading facts in
palaontology agree admirably with the theory of descent with
modification through variation and natural selection. We can thus
anderstand how it is that new species como in slowly and succes-
sively; how species of different classes do not necessarily change
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together, or at the same rate, or in the same degree; yet in the
long run that all undergo modification to some extent. The ex-
tinction of old forms is the almost inevitable consequence of the
production of new forms. We can understand why when a species
has onco disappeared it never reappears. Groups of species increase
n numbers slowly, and endure for unequal periods of times; for the
process of modification is necessarily slow, and depends on many
complex contingencics. The dominant species belonging to largo
and dominant groups tend to leave many modified descendants,
which form new sub-groups and groups. ~ As these are formed, the
specics of the loss vigorous groups, from their inferiority inherited
from a common progenitor to become extinct together, and
to leave no modified offspring on the face of the earth. But the
utter extinction of a wholo group of species has sometimes been
a slow process, from the survival of a few descendants, lingoring
in protected and isolated situations. When a group has once wholly
disappeared, it does not reappear; for the link of gencration has
‘been broken.

‘We can understand how it is that dominant forms which spread
widely and yield the greatest number of varieties tend to peoplo tho
world with allied, but modified, descendants ; and these will genc-
rally succeed in displacing the groups which are their inferiors in
the struggle for existence.  Hence, after long intervals of time, the
productions of the world appear to have changed simultancously.

We can understand how it is that all the forms of life, ancient
and recent, make together a few grand classes. Wo can under-
stand, from the continued tendency to divergence of character, why
the more ancient a form is, the more it generally differs from those
now living; why ancient and extinet forms often tend to ill up
gaps between existing forms, sometimes blending two groups, pre-
viously classed as distinct, into one; but more commonly bringing
them only a little eloser together. The more ancient & form is, the
more often it stands in some degree intermediate between groups
now distinct 3 for the more ancient a form i, the more nearly it
will be related to, and consequently resemble, the common pro-
genitor of groups, since become widely divergent. Extinct forms
are seldom directly intermediate between existing forms but are
intermediate only by a long and circuitous course through other
extinct and different forms. Wo can clearly see why the organic
remains of closely consecutive formations are closely allied ; for
they are closely linked together by generation. We can clearly seo
why the remains of an intermediate formation are intermediate in
character,

Darwin Online: By permission of the Trustees of the Natural History Museum
(London). ik



Cuw. XL preceding and present Chaplers. 315

Tho inhabitants of the world at each successive period in its
Tistory have beaten their predecessors in the race for life, and
are, in 5o far, higher in the scale, and their structure has gone-
Tally become more specialised ; and this may account for the com=
1mon belief held by so many palwontologists, that organisation on
the whole has progressed. Extinct and ancient animals resemble
to.a cerfain extent the embryos of the more recent animals belong-
ing to tho same classes, and this wonderful fact receives a simplo
explanation according to our views. The succession of tho sume
types of structure within the same areas during the later geological
periods ceases to bo mysterious, and is intelligible on the principle
of inheritance.

It then the geological record bo as imperfect as many believe, 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 palontology plainly proclaim, as it seems to
me, that species have been produced by ordinary generation : old
forms having been supplanted by new and improved forms of life,
the products of Variation and the Survival of the Fittest.
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CHAPTER XIIL

GEOGRAPRICAT, DISTRIBUTION.

Preut, dtsbuton ennsa be soorunte, fie by differences in physical

ditions — Importance of barriers — Affinity of the productions of the

Sams continent . Centres of crention —Means of disperal by changes

oF climate and of tho level of the land, and by oocasional mesns—

Dispersal during the Glacial period — Alternate Glacial periods in the
North and South.

Tx 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 bo wholly accounted for by climatal and other physical con-
ditions. Of late, almost every author who has studied the subject
has come to this conclusion. The case of America alone would
almost, suffice to prove its truth: for if we exclude the arctic
and northern temperate parts, all authors agree that one of the
most fundamental divisions in geographical distribution is that
Detween 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 conditions; humid distriots, arid deserts, lofty moun-
tains, grassy plains, forests, marshes, lakes, and great rivers, under
almost every temperature.  There is hardly a climate o condition
in the Old World which cannot be paralleled in the New—at
least as closely as the sume species generally require. No doubt
simall areas can be pointed out in the Old World hotter than any i
the New World, but these are not, inhabited by a fauna different
from that of the surrounding districts ; for it is rare to find a grovP
of organisms confined to a small area, of which the conditions are
peculiar in only a slight degree. Notwithstanding this general
Jarallelism in the conditions of the Old and New Worlds, how.
widely different are their living productions!

Tn the southern hemisphere, if we compare largo tracts of land it
Australia, South Africa, and western South America, betuveen lati
tudes 25° and 35°, we shall find parts extremely similar in all theif

Darwin Online: By permission nq{»e Trustees of the Natural History Museum
n). e



Caar, XIL

Geographical Distribution. 317

conditions, yet it would not be possible to point out three faunas
and floras more utterly dissimilar. Or, again, we may compare the
Droductions of South America south of lat. 85° with those north of
25°, which consequently are separated by & space of ten degrees.
of Intitude and are exposed to considerably different conditions, yet
they are incomparably more closely related to cach other than, they
to the productions of Australia or Africa under nearly the samo
climate, Analogous fcts could be given with respect to the inha-
‘Dbitants of the sea.
socond great fact which strikes us in our general review is,
that barriers of any kind, or obstacles to free migration, are related
in a closo and important manner to the difforences between the
‘productions of various regions. We seo this in the great difference
in nearly all the terrestrial productions of the New and Old Worlds,
excepting in the northern parts, where the land almost joins, and.
where, under @ slightly different climate, there might have bocn
froo migration for the northern temperate forms, as there now is for
the strictly arctic productions. We sce the same fact in the great
difference between the inhabitants of Australia, Africa, and South
America under the same latitude ; for these countries are almost as
much isolated from each other as is possible. On each continent,
also, wo sco the same fact ; for on the opposite sides of lofty and.
continuous mountain-ranges, of great deserts, and even of large
tivers, we find different productions ; though gs mountain-chains,
deserts, &c, are not as impassable, or likely to have endured so
long, as the oscans separating continents, the diffe
inferior in degree to those characteristic of distinct continents
Turning to the sea, we find the same law, The marine inha-
bitants of the eastern and western shores of South America are
very distinct, with extremely few shells, crustacea or echinoder-
a in common ; but Dr. Giinther has recently shown that about.
thirty per cent. of the fishes aro the same on the opposite sides
of the isthmus of Panama; and this fact has led naturalists to
believe that the isthmus was formerly open. 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 castern
islands of the Pacific with another and totally distinct fauna. So
that three marine faunas range far northward and southward in
‘parallel lines not far from each other, under corresponding climates;
but from being separated from each other by impassable barriers,
cither of land or open sea, they are almost wholly distinct. On the
other hand, proceeding still further westward from the eastern
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islands of the tropical parts of tho Pacifio, wo encounter o e
passable barriers, and we have innumerable islands as halfing-
places, or continuous consts untl, after travollng overs hemisphers
We come to the shores of Africa ; and over this vast space we mect
with no well-defined and distinct, marine faunas. Although so few
‘marine animals are common to the above-named hree approximate
faunas of Eastern and Western America and the eastern Pacifi
islands, yet many fishes 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 statement, is
th affinity of the prouctions of the same continent ot of the same
sea, though the species themselves are distinct at different points
and stations. IL is a law of the widest generality, and every con-
tinent offers innumerable instances. - Nevertheless the paturalis, in
travelling, for instance, from north to south, never fails to be strick
Dby the manner in which suceessive groups of beings, specifically
distinet, though nearly related, replace cach other. Ho hears from
closely allied, yet distinct 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 species of the same
genus; and not by a true ostrich or emu, like those inhabiting
AAfrica and Australia under the samelatitude. On these same plains
of La Plata, we see the agonti and bizcacha, animals having nearly
the same habits as our hares and rabbits and belonging to the sume
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 bizeacha ; we look to the waters, md we do nm
find the beaver or musk-rat, but the coypu and ca
of the §. American type. Innumerable other mmnces could be
given. 1f we look to the islands off the American shore, however
much they may differ in geological structure, the inhabitants are
cmnmlly American, though they may be all peculiar species. We

.y look back to past ages, as shown in the last chapter, and we.
{ing AzutogiEy s then proveling on the Ametiast St IGIERR
in tho American seas. We seo in_ these facts some deep organio
Dond, throughont space and time, over the same areas of land an
water, independently of physical conditions. The naturalist must
be dull, who s not led to inquire what this bond is.

The bond is simply inheritance, that cause which alone, as fir a5
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we positively know, produces organisms quite liko each other, or,
a8 we seo in the case of varieties, nearly alike. The dissimilarity of
the inhabitants of different regions may be attributed to modification
through variation and natural selection, and probably in a sub-
ordinate degree to the definite infiuence of different physical con-
ditions., The degrees of dissimilarity will depend on the migration
of the more dominant forms of life from one region into another
having been more or less effectually prevented, at periods more or
less remote ;—on the nature and number of the former immigrants ;
—and on the action of the inhabitants on each other in leading to
the preservation of different, modifications; the relation of organism
to organism in the straggle for lifo being, as I have already often
remarked, the most important of all relations. Thus the high im-
‘portance 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 competitors in their own widely-extended
Thomes, will Liave the best chance of scizing on new places, when they
spread into new countrics. Tn their new homes they will be
posed to new conditions, and will frequently undergo further modi-
fication and improvement ; and thus they will become still further
victorious, and will produce groups of modificd descendants. On this
principle of inheritance with modification, we can understand how it
s that scotions of gencra, whole genera, and even families, are con-
fined to the same areas, as is so commonly and notoriously the case.

There is no evidence, as was remarked in the last chapter, of the
existence of any law of necessary development. As the variability
of each species is an independent property, and will be taken advan-
tage of by natural scleotion, only so far as it profits each individual
in its complex struggle for life, so the amount of modification in
different species will be no uniform quantity. If a number of species,
after having long competed with each other in their old home, wero
4o migruto in & body into a new and afterwards isolated country,
they_ would be little liable to modification ; for neither migration
nor isolation in_ themselves effcct anything. ~These principles come
into play only by bringing organisms into new relations with each
other, and in alesser degree with the surrounding physical conditions.
As we have seen in the last chapter that some forms have retained
nearly the sume chamoter from an enormously remote geological
‘period, 50 eertain species have migrated over vast spaces, and have
mot become greatly or at all modified.

According to these views, it is obvious that the several specics of
the same genus, though inhabiting the most distant quarters of th
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world, must riginally have proceeded from the same source, as they
ym the same progenitor. In the case of those
spocics, which have undergone during wholo geological periods litle
‘modification, there is not much difficulty in believing that they hav
jigrated from the samo region for during the vast geographical
and climatal changes which have supervenod since ancient imes,
almost any amount n( ‘migration is possible. But in many other
casos, in which we have reason to believo that tho species of a genus
bave” been rodused within Gomparstivoly, recent.tizaes, e 18
great difficulty on this head. It 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 frst produced : for, as has been explained, it is incredible that
individuals identically the same should have been produced from
parents specifically distinct.

Single Centres of supposed Creation—We are thus brought to
the question which has been largely discussed by naturalists, namely,
whether species have been created at one or more points of the
earth’s surface. Undoubtedly there are many cases of extremo
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.  Nevertheless the simplicity of the view
kit onch spcie was s producd ¥ithin gl RS
the mind, He who rejects it, rejects the causa of ordinary
‘generation with subsequent migration, and calls in the agency of
miracle. It is universally admitted, that in most cases the ares
inhabited by a species is continuous; and that when & plant or

inhabits two points so distant from each other, or with an
interval of such & nature, that the space could not have been casily
‘passed over by migration, the fact is given as something remarkable
and exceptional. The incapacity of migrating across & wide sea s
more clear in the case of terrestrial mammals than perhaps with any
other organic beings; and, accordingly, we find no_inexplicablo
instances of the sume mammals inhabiting distant points of the
world.  No geologist feels any difficulty in Great Britain possessing
the same quadrupeds with the rest of Europe, for they were 1o
doubt onco united. Bt if the same species can bo produced at bW
separate points, why do we not find a mal. common 0
Furope and Australia o South America? The conditions of fle
are nearly the same, so that a multitude of European anims
plants have become naturalised in America and Australia; and pes
of the aboriginal plants are identically the same at these distant
points of the northern and southern hemispheres? The answer, 8

Danwin Online: By permission of the Trustees of the Natural History Museur
e e



“Ciuar. XIL Geographical Distribution. 321

T believe, is, that mammals have not been able to migrate, whereas
some plants, from their varied means of dispersal, have migrated
scross the wide and broken interspaces. ‘The great and striking
influence of barriers of all kinds, is intelligible only on the view
that he great majority of species have been produced on one side,
and have not heen abie to migrate to the pponits i i tow
families, many sub-farmilics, very many genera, and a still greater

of sections of genern, are confined to a single region; and
it s been obsorved by several naturalists, that the most natural
geners, or those genera in which the species are most olosely related
€ each other, are generally confined to the same country, or if they
Tave a wide range that their range is continuous. What a strango
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 o me, as it has to many other naturalists, that
the view of each specics having been produced in one area alone,
and having subsequently migrated from that area as far as its
powen of igrtion:snd subéistence wnder) pask 4od. proscu ooa-
ditions permitted, is the most, probable. Undoubtedly many cases
ousur,In which wo cannot explain how tho sune speces could Lave
passed from one point to the other. But the geomraphical and
climatal changes, which have certainly occurred within recent;
geological.tmes, must have rendred disentinuous the formely
continuous range of many species. o that we are reduced to
sider whether the exceptions to continuity of range are so numerous

of so grave a mature, that we ought to give up the belicf,
rendered probable by general considerations, that, each specics =
been produced within one arca, and has migrated thence as far as
could. It wonld be hopelessly tedious to discuss all the c‘(ctptmm.l
cases of the samo species, now living at distant and separated points,
nor do I for a moment, pretend that any explanation could be offered
of many instances. But, after some preliminary remarks, I will
discuss a fow 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 antarctio 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 nearest mainland, though separated by
Jrundreds of miles of open sea. I the existence of the same species
at distant and isolated points of the carth’s surface, an in many
instances be explained on the view of each species having migrated

Y
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from a single birthplace ; then, considering our ignorance with re-
spect to former climatal and geographical changes and to the various
occasional means of transport, the beliof that a single birthplace s
the law, seems to me incomparably the safest.

Tn discussing this subject, we shall be enabled at the same time
1o consider a point equally important for us, namely, whether the.
several species of a genus, which must on our theory all

m & common progenitor, can have migrated, undersoing modi-
fication during their migration, from some one area. If, when most
of the species inhabiting ono region aro different from those of
another region, though closely allied to them, it can be shown that
‘migration from the one region to the other has probably ocourrel
at some former period, our general view will be much strengthened ;
for the explanation s obvions on the principle of descent with mod
fication. A voleanic sland, for instance, upheaved and formed at
the distance of a few hundreds of miles from a continent, would
probably reccive from it in the course of time a fow colonists,
and their descendants, though modified, would still be related by
inheritance to the inhabitants of that continent. Cases of this
nature are common, and are, as wo shall herenfter see, inexplicable
on the theory of independent creation. This view of the relation of
the species of one region to those of another, does not differ much.
from that advanced by Mr. Wallace, who concludes that “every
specen b ome fno exsance evocident bod i spes e
with a pre-existing closely allied species.” And it is now well
koo tat e atibutes this coinedence to desunt with

'lhe “question of single or multiple centres of creation diffrs
from another though allied question,—namely, whether all the
individuals of the same species are descended from a single pair, or
single hermaphrodite, or whether, as some authors suppose, from
many individuals simultancously created. With organic beings
which never intercross, if such exist, each species must be de-
scended from a succession of modified varicties, that have sup-
planted each other, but have never blended with other individuals
or varieties of the samo species ; so that, at each suceessive stage
of modification, all the individuals of the same form will be de-
scended from o single parent. But in the great majority of cases,
namely, with all organisms which habitually unite for cach birth,
which occasionally intercross, the individuals of the seme species
inhabiting the same area will be kept nearly uniform by inter-
crossing; so that many individuals will go on simultaneously
changing, and the whole amount of modification at each stago il
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ot be due o 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 difference and superiority
to desoent from any single pair, but to continued care in the
selecting and training of many individuals during each generation.

Before disoussing the three classes of facts, which I have sclected
as presenting the greatest amount of difficulty 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.

T can give hero only the bricfest abstract of the more important facts.
Change of climate must have had a powerful influenco on migration,
A region now impassable to certain organisms from the nature of
its climate, might have been a high road for migration, when the
climate was different, I shall, however, presently have to disouss
this branch of the subject in some detail. Changes of level in the
land must also have been highly influential: a narrow isthmus
now separates two marine faunas; submerge it, or let it formerly
Jiave been submerged, and the two faunas will now blend together,
or may formerly have blended, Where the sea now extends, land
may ab o former period have connccted islands or possibly even
continents together, and thus have allowed terrestrial productions
s from one to the other, No geologist disputes that great
mutations of level have ocourred within the period of existing
organisms. Edward Forbes insisted that all the islands in the
Atlantic must have been recently connected with Europe or Africa,
and Europe likewise with America. Other authors have thus
hypothetically bridged over every ocean, and united almost every
island to some mainland.  If indeed the arguments 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 ersal of the same species to
the most distant points, and removes many a difficulty ; but to the
best of my judgment we arc not authorized in admitting such
enormous geographical changes within the period of existing species.
It seems to me that we have ebundan evidence of great oscillations
in the level of the land or sen; but not of such vast changes in the
position and extension of our continents, as to have united them
within the recent period to each other and to the several intervening
oceanic islands. 1 frecly admit the former existence of many islands,
now buried beneath the ses, which may have served as halting-

2
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Dlaces for plants and for many animals during thelr migration: T
the coral-producing oceans such sunken islands are now marked Ly
s of coral or atolls standing over them. Whenever it is fully
admitted, as it will some day be, that each species has procecded
from a single birthplace, and when. in the course of time we kuow.
something definite about the means of distribution, e shall bo
enabled to speculate with security on the former extension of the
Jand. But T do ot believe that it will ever be proved that within
the recent, period most of our continents which now stand. quite
separate, have been continuously, or almost continuously unit
with cach other, and with the many existing oceanic islnds,
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 aflinity be-
tween the mammals inhabiting islands with those of the nearest
ontinent, beg o pac; deemnined (s ve shal esetir by
the depth of the intervening ocean,—these and other such fuets are
opposed to the admission of such pnxl!"lous ‘geographical revolutions
within the recent period, as are necessary on the view advanced by
Forbes and admitted by his followers. 'The nature and relative pro-
‘portions of the inhabitants of oceanic slands are likewise opposed
o the belief of their former continnity with continents. Nor does
the almost unwemlly voleanic composition of such islands favour
the admission that they are the wreeks of sunken continents j—it
they had originally existed as continental mountais i-ranges, some at.
east of the islands would have been formed, like other mounfait=
summits, of granite, metamorphic schists, old fossiliferous and other
rocls, instead of consisting of mere piles of volcanic matter.

.+ Tmust now say a few words on what are called accidental means,
‘but which more properly should be called oceasional means of dis-
tribution. I shall here confine myself to plants. In bnmuul
works, this or that plant is often stated to be ill adapted for wide
dissemination ; but the greater or less fuciltics for transport across
the sea may be snid {0 be almost wholly unknown. Uil T tried
with Mr. Berkeley’s aid, a few experiments, it was not even known
how far seeds could resist the injurious action of sea-water. 10
my surprise I found that out of 87 kinds, 64 germinated after an
immersion of 28 days, and a few survived an immersion of 187
days. 1t deserves notice that certain orders were far more injured
than others : nine Leguminose were tried, and, with one exception
they resisted the salt-water badly ; seven species of the allied orders,
Hydmphyllxce{! and Polemoniacew, were all killed by a month's
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immersion. For convenience’ sake I chiefly tricd small séeds;
without the capsule or fruit; and us 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
1 tried some larger fruits, capsules, &c., and some of these floated
for a long time. It is well known what a difference there is in the
Duoyancy of green and seasoned timber ; and it occurred to me that
floods would often wash into the sea dried plants o branches with
sced-capsules or fruit attached to them. Hence T was led to dry the
stems and branches of 94 plants with ripe fruit, and to_place them
on sca-water. The majority sank quickly, but some which, whilss
green, floated for a very short time, when dried flonted much Tonger ;
for instance, ripe hazel-nuts sank immediately, but when dried
they floated for 90 days, and afterwards when planted germinated ;
an asparagus-plant with ripe berrics floated for 23 days, when dried
, and the seedls aftorwards germinated ; the
ripo sceds of Helosciadium sunk in two days, when dried they
floated. for above 90 days, and afterwards germinated. ~ Altogether,
out of the 94 dried plants, 18 flonted for above 28 days; and
some of the 18 floated for a very much longer period. So that as
44 kinds of seeds germinated after an immersion of 28 days; and
s with ripe fruit (but not all the same species
ent) floated, after being dricd, for above
s far as anything can be inferred from
these scanty facts, that the seeds of v, kinds of plants of any
country might be floated by sea-currents during 28 days, and would
retain their por i ‘hysic tl
the average rate of the several Atlantic currents is 83 miles per
diem (some currents rnning at the rate of 60 miles per diem); on
this average, the seeds of it plants belonging {0 one country
might be floated across 924 miles of sea o another country, and
when stranded, if blown by an inland gale to a favourable spot,
would germinate,

Subsequently to my experiments, M. Martens tried similar ones,
but in a much beter mawner, for he placed the seeds in a box in
the actual sca, 50 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 both
the average length of their flotation and 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 secn, would have caused some of them to have floated
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much longer. The result was that 33 of his sceds of different
Kinds floated for 42 days, and wero then capable of germination,
Bui T do not doubt that plants exposed to_the waves would float
Tor a less time than those protected from violent movement as in
our experiments, Thereforo it would perhaps be safer to assume
that the seeds of about s plants of a flora, after having been
dried, could be floated across @ space of sea 900 miles in width, and
would then germinate. The fact of the larger fruits often floating
Jonger than the small, is intoresting; as plants with large seeds or
fruit which, as Alph, de Candolle has shown, generally have re-
stricted ranges, could hardly be transported by any other means,

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
trocs, theso stones being a valuable royal tax. I find that when
irregularly shaped stones are embedded. in the roots of trees, small

rcels of earth are frequently enclosed in their interstices and
‘ehind them,—so perfectly that not a particle could be washed away
during the longest transport : out of one small portion of earth
thus completely enclosed by the roots of an oak about 50 years oll,
three dicotyledonous plants germinated : I am certain of the accu-
Tacy of this observation. Again, I can show that the carcases of
birds, when floating on the sea, sometimes escape being immediately
devoured : and many kinds of sceds in the crops of floating birds
long retain their vitality : peas and vetches, for instance, are killed
Ty even a fow days’ immersion in sea-water; but some taken out
of the crop of a pigeon, which had floated on artifical sea-water for
80 days, to my surprise nearly all gorminated.

Living birds can hardly fail to be highly effective agents in tho
transportation of sceds. I could give many facts showing how
frequently birds of many kinds are blown by gales to vast distances
across the occan.  We may safely assume that under such circum=
stances their rate of flight would often be 35 miles an hour; and
some authors have given a far higher estimate. 1 have never scon
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. Tn the course of two months, T picked
up in my garden 12 kinds of seeds, out of the excrement of small
Dirds, and these seemed perfect, and some of them, which wers
tried, germinated. But the following fact is more important: the.
crops of birds do not secrete gastric juice, and do not, as I know by
trial, injure in the least the germination of seeds; now, after a bird
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has found and dovoured 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 interval 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 tor crops might thus
readily gob scattered. Some hawks and owls bolt their prey whole,
and, after an interval of from twelve to twenty hours, disgorge
pellets, which, as T know from experiments made in the Zoological
Gardens, include seeds capable of germination. Some seeds of the
oat, wheat, millet, canary, hemp, clover, and best germinated after
having been from twelve to twenty-one hours in the stomachs of
different, birds of prey; and two seeds of bect grew after having
Teen thus retained for two days and fourteen hours. ~ Frosh-water
fish, I find, cat sceds of many land and water plants: fish are
frequently devoured by birds, and thus the sceds might bo trans-
‘ported from place to place. I forced many kinds of sceds into the
stomachs of dead fish, and then gave their bodies to fishing-cagles,
storks, and pelicans; these birds, after an interval of many hours,
cither Tejected the seeds in pellets or passed them in their exore-
‘ment; and several of theso seeds retained the power of germination.
Certain seeds, however, were always killed by this process.

Locusts are sometimes blown to great distances from the land ; T
amyself caught one 370 miles from the coast of Africa, and have
heard of others canght at greater distances. The Rev. R. T. Lowe
informed Sir C. Lyell that in November 1844 swarms of locusts
visited the island of Madeira. They were in countless numbers, as
thick as the fiakes of snow in the heaviest snowstorm, and extended
upwards as far as could be seen with n telescope.  During two or
three days they slowly carcered round and round in an immense
ellipse, at least five or six miles in diameter, and at night alighted
on the taller trees, which were completely coated with them. They
then disappeared over the sea, as suddenly as they had appeared,
and have not since visited the islnd. Now, in parts of Natal it i
believed by some farmers, though on insufficient evidence, that
injurious seeds are introduced into their grass-land in the dung loft
by the great flights of locusts which often visit that country. In

onsequence of this belief Mr. Wealo sent mo in a lotter o small
‘packet of the dried pellets, out of which I extracted under the
microscope several seeds, and raised from them seven grass plants,
Telonging to two species, of two genera. Hence a swarm of locusts,
such as that which visited Madeira, might readily be the means of
introducing several kinds of plants into an island lying far from the
‘mainland,

Darwin Online: By permission of the Trustees of the Natural History Museurm
ey



328 Means of Dispersal. Crar, XIL

Although the beaks and feet of birds aro generally clean, earth
sometimes adheres to them : in one case I removed sixty-one grains,
and in another case twenty-two grains of dry argillaceous earthy
from the foot of a partridge, and in the earth there was a pebble as
large as the seed of a vetch. Here is a better caso: the leg of o
woodcock was sent to me by a friend, with a little cake of dry carthy
attached to the shank, weighing only nine grains; and this cone
tained a sced of the tond-rush (Juncus bufonius) which germinated
and flowered. Mr. Swaysland, of Brighton, who during the last
forty years has paid close attention to our migratory birds, informs
‘me that he has often shot wagtails (Motacill), wheatears, and whin-
chats (Saxicolw), on their first. arrival on our shores, before they
had alighted ; and he has several times noticed little eakes of cartly
attached to their feet. Many fucts could be given showing how
generally soil is charged with sceds. For instance, Prof. Newton
sent me the leg of a red-legged partridgo (Caceabis rafa) which bad
been wounded and eould not fiy, with a ball of hard carth adhering
to it, and weighing six and a half ounces. The carth had been
Jept for threo years, but when broken, watered and placed under s
bell glass, no less than 82 plants sprung from it: these consisted of
12 monocotyledons, including the common oat, and at least ono
kind of grass, and of 70 dicotyledons, which consisted, judging from
the young leaves, of at least three distinct species. With such ficts
Tefore us, can we doubt that the many birds which are annually
Dlown by gales across great spaces of ocean, and which annually
migrate—for instance, the millions of quails across the Mediterm-
nean—must occasionally transport a few sceds embedded in dirt
adhering to their feet or beaks? But I shall have to recur to this
subject.

As icebergs aro known to bo sometimes loaded with earth and
stones, and have even carried brushwood, bones, and the nest of &
land-bird, it can hardly be doubted that they must occasionally, 85
suggested by Lyell, have transported sceds from one part to another
of the arctic and antaretic regions ; and during the Glacial period
from one part of the now temperate regions to another. In the
Azores, from the large number of plants common to Europe, in coni=
‘parison with the species on the other jslands of the Atlantic, which
stand nearer to the mainland, and (as remarked by Mr. H. O
Watson) from their somewhat northern character in comparison
with the latitude, I suspected that theso islands had been jarty’
stocked by ice-borne seeds, during the Glacial epoch. At my request
Sir C. Lyell wrote to M. Hartung to inquire whether he bad
observed ermatic boulders on these islands, and he answered that ba
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had found large fragments of granite and other rocks, which do not
ocour in the archipelago. Hence we may safely infor that iccbergs
formerly landed their rocky burthens onthe shores of these mid-
ocean islands, and it is at least possible that they may have bronght
thither some few seeds of northern plans.

Considering that these several means of transport, and that other
‘means, which without doubt remain to be discovered, have been in
action year after year for tens of thousands of years, it would, T
think, be a marvellous fact if many plants had not thus becomo
widely transported. These means of transport are sometimes called
accidental, but this s not strictly correct: the currents of the sea
are not aceidental, nor is the direction of prevalent gales of wind.
It should be observed that scarcely any means of transport would
carry sceds for very great distances : for seeds do not retain their
vitality when exposed for o great length of time to the action of
sea-water ; nor could they be long carried in the erops or intestines.
of birds. These means, however, would suffice for occasional trans-
port across tracts of sca some hundred miles in breadth, or from
island to island, or from @ continent to a neighbouring island, bus
not from one distant continent to another. The floras of distant
continents would not by such means become mingled ; but would
remain as distinct as they now are. The ourrents, from. their
course, would nover bring seeds from North America to Britain,
though they might and do bring sceds from the West Indies to our
western shores, where, if not killed by their very long 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 Ameriea to the western shores of Treland and England ;
but seeds could be transported by these raro wanderers only by
one means, namely, by dirt adhering to their fect or beaks, which is
in itself a rare accident. Even in this case, how small would be the
chance of a seed falling on favourable soil, and coming to maturity 1
But it would be a great error to argue that because a well-stocked
island, like Great Britain, has not, as far nown (and it would.
‘e very difficult to prove this), reccived within the last few centu-
ies, through occasional means of transport, immigrants from Euro
or any other continent, that a stocked island, though stand-
ing more remote from the mainland, would not reccive colonists by
similar means. Out of & hundred kinds of sceds or avimals trans-
ported to an island, even if far less well-stocked than Britain, per-
haps not more than one would be so well fitted to its new home, as
to become naturalised.  But this is no valid argument against what
would be effected by ocensional. means of trausport, during the long
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lapse of geological time, whilst the island was being upheaved, =
e i haq Hesonte T4y kel it impa i S
‘bare land, with few or no destructive insects or birds living thm
nearly every seed which chanced to arrive, if fitted for the climate,
would germinate and survive.

Dispersal during the Glacial, Period.

The identity of many plants and animals, on mountain-summits,
separated from each other by hundreds of miles of lowlands, where
Alpine species could not. possibly 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 specics living on the snowy regions of the Alps or
Pyrences, and in the extreme northern parts of Europes 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 specics must
have been independently created at many distinct points; and we
might have remained in this sume 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 conceivablo kind, organic and
inorganic, that, within a very recent geological period, centrl
urope and North America suffered under an arctic climate. The
Tuins of a house burnt by fire do not tell their fale more plainly
than do the mountains of Scotland and Wales, with their scor
flanks, polished. surfaces, and perched boulders, of the icy streams
with which their valleys were lately filled. So greatly bas the
climate of Burope changed, that in Northern Italy, gigantic moraines,
Left by old glaciers, arenow clothed by the vine and maize. Throt
out a large part of the United Stater, st LOURTRRS ored
rocks plainly reveal a former cold pes

"The forme influenco of tho glacal eHimate on the istribation o
the inhabitants of Europe, as explained by Edward Forbes, is sub-
stantially as follows. But we shall follow the changes more readily,

)y supposing a new glacial period slowly to como on, and then
pass away, as formerly occurred. As the cold came on, and as
<ach more southern zone became fitted for the inbabitants of the
north, these would take the places of the former inhabitants of
‘the temperate regions.  The latter, at the same time, would travel
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further and further southward, unless they were stopped by barriers,
in which caso 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 an arctic founa and flora, covering
the central parts of Europe, as far south as tho Alps and Pyrences,
and even stretching into Spain. The now temperate regions of the
United States would likewise be covered by arctic plants and ani-
mals and these would be nearly the same with those of Europe; for
the present circumpolar inhabitants, which we supposo to have every=-
where travelled southward, are remarkably uniform round the world.

As the warmth roturned, the arctic forms would retreat north-
ward, closely followed up in their retreat by the productions of the
more temperate 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 disuppeared, higher and higher, whilst their
rethren were pursuing their northern journcy. Hence, when the
‘warmth bad fully returned, the same species, which had lately
lived together on the European and North American lowlands
would again be found in the arctic regions of the Old and New
‘Worlds, and on many isolated mountain-summits far distant from
cach other.

Thus o can understand the identity of many plants at points
80 immensely remote as the mountains of the United States and
those of Eurcpe. We can thus also understand the fact that the
Alpins pisnts of @l maustalrangs sro more especilly elatel
to the arctic form: g due nnrlh or nearly due north of them :
it vt hout wh oA on, and the re-migration
on the returning warmth, would "cnenlly have been due south and
north. The Alpine plants, for example, of Scotland, as remarked
by Mr. H. C. Watson, and thoso of the Pyrences, as remarked by
Ramond, are more especially allied to the plants of northern Seandi-
navia ; those of the United States to Labrador ; those of the moun-
tains of Siberia to the arctie regions of that country, These views,
grounded as they are on the perfectly well-ascertained occurrence of
a former Glacial period, seem to me to explain in so satisfactory a
maser the present distribution of the Alpine and Arctic produc-
tions of Europe and America, that when in other regions we find.
the same species on_distant mountain-summits, we may almost
conclude, without other evidence, that a colder climate formerly
permitted_ their migration across the intervening lowlands, now
‘become too warm for ther existence.
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As the arctic forms moved first sonthward and afterwards backe
wards 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 all migrated in a body
together, their mutual relations will not have been much disturbed.
Hence, in accordance with the principles inculcated inthis volume,
e o il ot have been liablo to much modification, Bu,
with the Alpine productions, left isolated from the moment, of the
returning warmth, first at the bases and ultimately on the summity
of the mountains, the case will bavo been somewhat different; for
it is not likely that all the same aretic species will have been lofs
on mountain-ranges far distant from each other, and have survived
there ever since; they will also in all probability, have becomo
mingled with ancient Alpine species, which must havo existed on
the monntains before the commencement of the Glacial epoch, and
which during the coldest period will have been temporarily driven
down to the plains; they will, also, have been subsequently ex-
posed to somewhat different climatal influences, Their mutual rela-
tions will thus have been in some degree disturbed ; consequently
they will have been linble to modification s and they have been
modified; for if we compare the present Alpino plants and anmals
of the several great European mountain-ranges ono with anotber,
though many of the species remain identically the same, some
exist as varioties, some as doubtful forms or sub-species, and
some as distinet yet closely allied species ropresenting each ofher
on thu several ranges.

the foregoing illustration T have assumed that at the com
SRR period, the arctic productions
were s uniform round the polar regions as they are af the present
day. But it is also necessary to assume that many sub-arctio and
somo few temperate forms were the sumo round the world, for
which now exist on the lower mountain-slopes
ns of North America and Europe are the same;
and it may be asked how I account for this degree of uniformity
in the sub-arctic and temperate forms round the world, at tho
commencement of the real Glacial period. At the present day,
the sub-arctic and northern temperate  productions of the Old
and New Worlds are separated from cach other by the whole
Atlantic Ocean and by the northern part of the Pacific, During
the Glacial period, when the inbabitants of the Old and New
Worlds lived farther southwards than they do at present, they
must have been still more completely separated from each other
by wider spaces of ocean; so that it may well be asked how the
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sume species could hen or previously have entered. the two con-
tinents. The explanation, T believe, lies in the nature of the
climate before the commencement of the Glacial period. At this,
the newer Pliocene period, the majority of the inhabitants of the
world were specifically the same as now, and 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
latitude 60°, lived during the Pliocene period farther north under the
Polar Circle, in latitude 66°-67°; and that the present arctic pro-
ductions then lived on the broken Jand still nearer to the pole.
Now, if we look at a terrestrial globe, we see under the Polar Circle
that there is almost continuous land from western Europe, through
Siberia, to eastern America. And this continuity of the circum-
pwlar land, with the consequent. freedom under @ more favourable
climate for intermigration, will account for the supposed uniformity
of the sul-arctic and temperate productions of the Old and New
Worlds, at a period anterior to the Glacial epoch.

Believing, from reasons before alluded to, that our e
have long remained. in B o s 2, though
subjocted to great osc of level, T am «mmu\v nwlm(-d to
e e s

nd still warmer period, such as the older Pliocene period, a large
number of the same plants and animals inhabited the almost
continuous ciroumpolar land ; and that these plants and animals,
‘oth in the Old and New Worlds, began slowly to migrate south-
wards as the climate beeame less warm, long before the commence-
ment of the Glacial period. We now see, as I beliove, their
descendants, mostly in o modificd condition, in_the central parts
of Europe and the United States. On tl Erng
stand ‘the relationship with very little identity, between the pro-
ductions of North America and Europe,—a relationship wluclx is
bly remarkable, considering 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 later
tertiary stages were more closely related to each other than they
are at the present time; for during these warmer periods the
northern parts of the Old and New Worlds will have been al

continuously united by lang i i
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completely cut off from each other. This separation, as far as the
more temperate productions are concerned, must have taken plagy
long Ages ago. As the plants and animals migrated sonthward,
they will have become mingled in the one great region with the
native American productions, and would bave had to compets
with them and in the other great region, with those of the Ol
World.  Consequently we have here everything favourable for
much modification,—for far more modification than with the
Alpine productions, left isolated, within a much more
period, on the several mountain-ranges and on the arctic lands
of Europe and N. America, Hence it bas come, that when wo
compare the now living productions of the temperate regions of
the New and Old Worlds, we find very fow identical species (though
Asa Gray has lately shown that more plants are identical than was
Tormerly supposed), but we find in every great class many forms,
which some naturalists ranks as geographical races, and others as dis.
tinct species and a host of closely allied or representative forms
which are ranked by all naturalists as specifically distinet.

As on the land, so in the waters-of the sea, a slow southern
migration of a marine fauna, which, during the Pliocene o even &
somewhat carlier period, was nearly uniform along the continuous
shores of the Polar Cirele, will account, on the theory of modifica-
tion, for many closely allied forms now living in marine areas con-
pletely sundered. Thus, I think, we can understand the presence
of some closely allied, still existing and extinct tertiary forms, on
the castern and western shores of temperate North America; aud
the still more striking fact of many closely allied crustaceans (s
described in Dana’s admirable work), some fish and other marine
animals, inhabiting the Mediterrancan and the seas of Japan,—
these two areas being now completely separated by the breadth of &
whole continent and by wide spaces of ocean.

cases of close relationship in 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 America and Europe, are inexplicable on the theory of
creation. We cannot maintain that such species have been createl
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
closely similar in all their physical conditions, with their inhab®
itants utterly dissimilar.
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Alternate Glacial Periods in the North and South.

But we must return to our more immediato subjoct. T am con-
vinced that Forbes's view may be largely extended. 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
Pyrences. We may infor from the frozen mammals and nature
of the mountain vegetation,’that Siberia was similarly affected. In
the Lebanon, according to Dr. Hooker, perpetual snow formerly

e central axis, and fed glaciers which rolled 4000 fect
down the valleys, The same observer has recently found great
‘moraines at  low level on the Atlas range in N. Africa, Along
the Himalays, af pouts 600 miles span, glaciers have left the
marks of rmer low descent; and in Sikkim, Dr. Hooker

jwing on ancient and gigantic moraines., Southward
of the Asiatic continent, on the opposite side of the equator, we
know, from the excellent researches of Dr. J. Haast and Dr. Hector,
that in New Zealand immenso glaciers formerly descended to a
low level; and the samo plants found by Dr. Hooker on widely
separated mountains in this island tell the same story of o former
cold period.  From facts communicated to me by the Rev. W. B.
Clarke, it appears also that, there aro 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
roclk have been observed on the eastern side of the continent, as far-
south as lat. 36°-87% and on the shores of the Pacific, where the
climate is now 5o different, as far sonth as lat. 46°. Erratic boulders
have, also, been noticed on. the Rocky Mountains. In the Cor-
dillera of South America, nearly under the equator, glaci
extended far below their presont lovel. In Central Chile I ex-
amined a vast mound of detritus with great boulders, crossing the
Partillo valley, which there can bardly be a doubt ance formed a
huge moraine; and Mr. D, Forbes informs me that he found in
‘various parts of the Cordiller, from lat. 13° to 30° 8., at about the
height of 12,000 feet, deeply-furrowed rocks, resembling those with
which he was familiar in Norway, and likewiso great masses of
detritus, including grooved pebbles. ~ Along this whole space of the
Cordillera true glaciers do not now exist even at much more con-
siderable heights. ~ Farther south on both sides of the continent,
from lat. 41° to the southernmost extremity, wo have the clearest
evidence of former glacial i iy  pumerous fumense boulders

far from their parent

From these sevenl. fcts, mamely o the glacial action having
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extended all round the northern and southern hemispheres—from
the period having been in o geological sense recent, in both hemi-
spheres—from _its having lasted in both during a great length of
i may bo inferred from the amount of work effected—und
Jastly from glaciers having recently deseended to a low level along
the whole line of the Cordillera, it at one time appeared to me that
ave could not avoid the conclusion that the temperature of the
whole world had been simultancously lowered during the Glacial
period. But now Mr. Croll in a series of admirable memoirs, ha
attempted to show that a glacial condition of climate is the result
of various physical causes, brought into operation by an increase in
the cccentricity of the earths orbit. Al these causes tend towanls
the same end; but the most powerful appears to be the indirect
influence of the eccentricity of the orbit upon oceanic currents,
According to . Croll, cold periods regularly recur every ten or
fifteen thousand years; and these at long intervals are extremely
severe, owing to n contingencies, of which the most important,
2 Sir C. Lyell has shown, is the relative position of the land and
water. Mr. Croll believes that the last great Glacial period ocourred
about 240,000 years azo, and endured with slight alterations of
climate for about 160,000 years. With respect to more ancient
Glacial periods, several geologists are convinced from direct evidence
that such ocourred during the Miocene and Eocene formations, not
to mention still moro ancient formations.  But the most important
result for us, arrived at by M. Croll, is that whenever the northem
hemisphere passes through a cold period, the temperature of the
southern hemisphere is actually raised, with the winters rendered
‘much wilder, chiefly through changes in the direction of the oceat=
currents. So conversely it will be with the northern hemisphere,
whilst the southern passes though a gl This conclusion.
throws so much light on geographical distribution that I sm
strongly inclined to trust in it 3 but I will first givo the facts, which
demand an explanation.

In South America, Dr. Hooker has shown that besides many
olosely allied species, between forty and fifty of the flowering plants
of Tierra del Fuego, forming no inconsiderable part of its scanty
flora, are common to North America and Europe, enormously
remote as these arcas in opposite hemispheres are from each other.
On the lofty mountains of equatorial America a host of peculiar.
species belonging to European genera occur. On the Organ moun-
tains of Brusil, some few temperate European, some Antarctic, and
some Andean genera were found by Garduer, which do not exist
in the low intervening hot countries. On the Silla of Caracctsy
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the illustrious Humboldt long ago found species belonging o genera.
characteristic of the Cordillera.

Tn Africa, several forms characteristic of Burope and some few
representatives of the flora of the Cape of Good Hope occur on the
mountains of Abyssinia. At the Capo of Good Hope a very few
TFuropean species, believed not to have been introduced by man,
and on the mountains several representative European forms aro
found, which have not been discovered in the intertropical parts of
Aftica. 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
10 thoso of temperate Europe. 1t now also appears, as T hear from
Dr. Hooker, that some of these same temperate plants have been
discovered by the Rev. 1. 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
astonishing fucts ever recorded in the distribution of plants.

On the Himalaya, and on the isolated mountain-ranges of the
peninsula of Tndia, on the heights of Ceylon, and on the volcanic
cones.of Java, many plants occur, cither identically the same or
representing each other, and at the sume time representing plants
of Europe, not found in the intérvening hot lowlands. A list of
the genera of plants collected on the loftier peaks of Java, raises
a picture of a collection made on a billock in Burope! ~ Still moro
striking is the fact that peculiar Australian forms are represented
Dy certain plants growing on the summits of the mountains of

rmco. Some of these Australian forms, as T hear from Dr. Hooker,
extend along the heights of the peninsula of Malacca, and are
thinly seattered on the ‘one hand over India, and on the other hand
as far north as Japan.

On the southem mountains of Australia, Dr. F. Miiller has
discovered several European species ; other species, not introduced
Ty 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 admitablo
*Introduction to the Flora of New Zealand, by Dr. Hooker, analo-
gous and striking facts are given in regard to the plants of that
large island. Henco we sco that certain plants growing on the moro
lofty mountains of the tropics in all parts of the world, and on the
temperate plains of the north and south, are either the same species
o varieties of the sune species. Tt should, however, be observed
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that these plants are not strietly arctio forms  for, as Mr. . ¢,
Watson has remarked, “in receding from polar towards equatorial
latitudes, the Alpine or mountain floras really become less and less
Arctic.” Besides these identical and_closely allied forms, many
Species inhabiting the same widely sundered areas, belong to genera
not now found in he intermediate tropical lowlands.

These brief remarks apply to plants aloue ; but some few analogons
facts could be given in regard to terrestrial animals, In marino
productions, similar cases likewise ocour; as an example, I may
quote a statement by the highest. authority, Prof. Dana, that it s
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 reappearance on. the shores of New Zealand, Tasmanis, &,
of northern forms of fish. Dr. Hooker informs me that twenty
five species of Algm aro common to New Zealand and to Europe,
but have not been found in the intermediate tropical seas.

Trom the foregoing facts, namely, the presence of temperato forms
on the highlands across the whole of equatorial Africa, and along.
the Peninsula of India, to Ceylon and the Malay Archipelago, and
in a less well-marked manner across the wido expanso of tropical
South America, it appears almost certain that at some former
period, no doubt during the most severe part of a Glacial period,
the lowlands of these great continents were everywhere tenanted
wunder the equator by a considerable number of temperate forms.
At this period the equatorial climate at the level of the sea was
‘probably about the sume with that now experienced at the height
of from five to six thousand fect under the sume latitude, or
perhaps even tather cooler. During this, the coldest period, the.
Towlands under the equator must have heen clothed with a mingled
tropical and temperato vegetation, like that described by Hooker o5
growing lxuriantly at the height of from four to five thousand fect
on the lower slopes of the Himalaya, but with perhaps a still
greater preponderance of temperate forms. So again in the moun-
tainous island of Fernando Po, in the Gulf of Guinea, Mr. Man
found temperate Enropean forms beginning to appear at the height
of about five thousand feet. On the mountains of Panama, at the
height of anly two thousand fect, Dr. Seemann found the vegetation
like that of Mesico, “with forms of the torrid zone harmoniovsly
blended with those of the temperate.”

Now let us see whether Mr. Croll's conclusion that when the
northern hemisphere suffered from the extreme cold of the great
Glacial period, the southern hemisphere was actually warmer, throws
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any clear light on the present apparently inexplicablo distribution of
‘various organisms in the temperate parts of both hemispheres, and on
the mountains of the tropics. Tho Glacial period, as measured by
years, must have been very long; and when wo remember over what
Jast spaces some aturalised plants and animals have spread within
a fow centuries, this period will have been ample for any amotmnt of
migration. As the cold became more and more intense, we know
that Arotic forms invaded the temperato regions ; and, from the
fucts just given, there can hardly be a doubt that some of the more
vigorous, dominant, and widest-spreading temperato forms invaded
tho cquatorial lowlands. The inhabitants of these hot lowlands
would at the same time have migrated to the tropical and sub-
tropieal rogions of the south, for the southern hemisphere was at this
‘period warmer. On the declino of the Glacial period, as both hemi-
‘spheres gradually recovered. their former temperatures, the northern
temperate forms living on the lowlands under the equator, would
Tave been driven to their former homes or have been destroyed,
being replaced by the equatorial forms returning from the south.
Some, however, of the northem temperate forms would almost
certainly have aseended any adjoining bigh land, where, if suffi-
ciently lofty, they would have long survived like the Arctic forms
on the mountains of Europe. They might have survived, even if
the climate was not perfectly fitted for them, for the change of tem-
‘perature must have been very slow, and plants undoubtedly possess a.
certain capacity for acelimatisation; as shown by their transmitting to

Tn the regular course of events the southern hemisphere would in
its turn be subjected to a severe Glacial period, with the northern
hemisphere rendered warmer ; and then the southern_ temperate
forms would invade the equatorial lowlands. The northern forms
which had before been left on the mountains would now descend
and mingle with the southern forms. These latter, when tho
warmth returned, would return to their former homes, leaving some
few species on the mountains, and carrying southward with them.
some of the northern temperato forms which had descended from
their mountain fastnesses.  Thus, we should have somo few specics
identically the same in the northern and sonthern temperate zones

d on the mountains of the intermediate tropical regions. But
the species left during a long time on these mountains, or in opposite
‘hemispheres, would have to compete with many new forms and.
would be exposed to somewhat different physical conditions ; hence
they would be eminently linble to modification, and would gonerally
now exist as varieties or as representative species ; and this is the
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We must, also, bear in mind the occurrence in both hemj.
sphores of former Glacial periods; for these will account, 5
accordance with the same principles, for the many quite di
Species inhabiting the same widely separated areas, and belonging g
genera not now found in the intermediate torrid zones,

Tt is a remarkable fact strongly insisted on by Hooker in regand,
to America, and by Alph. de Candolle in regard to Australia, theg
‘many more identical or slightly modificd species have migrated from
the north to the south, than in a reversed direction. We see,
however, a few southern forms on the mountains of Borneo and
Abyssinia. 1 suspect that this preponderant migration from tho
north to the south is due to the greater extent, of Jand in the north,
and to the northern forms having existed in their own homes in
greater numbers, and having consequently been advanced through
natural selection and competition to a higher stage of perfetion, or
dominating power, than the sonthern forms. And thus, when tho
two sets became commingled in the equatorial regions, during
the alternations of the Glacial periods, the northern forms were the
‘more powerful and were able to bold their places on the mountains,
and afterwards to migrate southward with the southern forms; but
not so the southern in regard to the northern forms. In the
same manner at the present day, we see that very many Buropean
productions cover the ground in La Plata, New Zealaod, and t0 o
losser degreo in Australis, and have beaten the natives; wherens
extremely few southen forms have become naturalised in any part
of the northern hemisphere, though hides, wool, and. other objects
likely to carry sceds have been largely imported into Europe during
the Jast two or three centuries from La Plata, and during the last
forty or fifty years from Australia, The Neilgherrie mountains in
Tndia, however, offer a partial exception 3 for here, as 1 hear from
Dr. Hooker, Australian forms are rapidly sowing themselyes and
Tecoming naturalised. Before the last great Glacial period, no
doubt the intertropical mountains were stocked with endemic Alpine
forms; but these have almost everywhere yielded to the more
dominant forms, generated in the larger arcas and more effcient
workshops of the north., In many islands the native productions
are nearly equalled, or even outmumbered, by those which have
become naturalised; and this is the first stage towards their
extinction, Mountains are islands on the land, and their inbabi-
tants have yielded to those produced within the larger areas of th
north, just in the same way as the inhabitants of real islands have
everywhere yielded and are still yiclding to continental forms:
naturalised through mau’s agency.

Darwin Online: By permission of the Trustees of the Natural History Museurn
(London).



Cnar. Xil. - in the North and South. 341

The same principles apply to the distribution of temestriol
animals and of marine productions, in the northern and southern
temperate zones, and on the intertropical mountains. When,
during the height of the Glacial period, the occan-currents were
widely different to what they now are, some of the inbabitants of
the temperate seas might have reached the equator; of thesoa few
would perhaps at once be able to migrate southward, by keeping to
£he cooler currents, whilst others might remain and survive in the
colder depths until the southern hemisphere was in its turn sub
jected to a glacial climate and permitted their further progress; in
Tearly the same manner as, according to Forbes, isolated spaccs
inhabited by Arctic productions exist to the present day in the
deeper parts of the northern temperate scas.

Tam far from supposing that all the difficulties in regard to tho
distribution and afinities of the identical and allied species, which
ow live so widely separated in the north and south, and sometimes

ranges, are removed on the views

above given. The exact lines of migration canot be indicated.
We cannot say why certain species and not others have migrated ;
why certain species have been modified and have given 1iso to now

forms, whilst others have remained unaltered. We cannot hope
0 explain such facts, until wo can say why one species and not
another becomes naturalised by man’s agency in a foreign land ;
why one species ranges twice or thrice as far, and is twice or thrice
&5 common, as another species within their own homes,

Various special dificulties also remain to be solved ; for instance,
the occurrence, as shown by Dr. Hooker, of the same plantsat points
50 enormously remote as Kerguelen Land, New Zealand, and Fuegia ;
but oebergs, as suggested by Lyell, may have been concerned in
their dispersal. The existence ab theso and other distant points of

ere, of species, which, though distinct, belong

10 genera exclusively confined to the south, is a more remarkable
«case. Some of these species are so distinct, that we cannot sup-
pose that there has been time since the commencement of the last
Glacial period for their migration and subsequent modification
to the necessary degree. The facts seem to indicate that distinct
species belonging to the same genera have migrated in radiating
lines from a common centre; and I am inclined to look in the
southern, 3 in_ the northern hemisphere, o a former and warmer
period, before the commencement of the last Glacial period, when
Antarctic lands, now covered with ice, supported a highly
‘peculiarand jsolated flora. 16 may be suspected that before this flora
was exterminated during the last Glacial epoch, a few forms had
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been almuly ‘widely, disparse o varions points of the scathers St
sphero by cecsional means o raspert, and by the aid as halting.
places, of now sunken islands. Thus the southern shores of Americ
Australia, and New Zealand, may have become slightly tinted by
‘the same peculiar forms of life.
yell in a striking passage has speculated, in language
almost identical with minc, on the effeets of great altorations of
climate throughout the world on geographical istribution. And
we have now seen that Mr. Croll's conclusion that successiv Glacial
periods in the one hemisphere coincide with warmer periods in the
opposite hemisphere, together with the admission of the slow modifi-
stion of species, explains a multitude of facts in the distributionof
the same and of the allied forms of life in all parts of the globe, The
living waters have flowed during one period from the north and
during another from the south, and in both cases have reached the
equator: but the stream of life has flowed with greater forca from
the north than in the opposite direction, and has consequently more
freely inundated the south. As the tide leaves its drift in hori-
zontal lines, rising higher on the shores where tho tide rises highest,
50 have the living waters loft their living drift on our mountain
summits, in a line gently rising from the Aretic lowlands to a great
altitude under the equator. The various beings thus left stranded
ey b compared with savage e of s, drven upand g
in the mountain fastnesses of almost every land, which serve as &
rocmd, Tul of fntmaet. 1015, the) ormer kAl ARCEE
surrounding lowlands.
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CHAPTER XIIL

GEOGRAPHICAT, DIsTRIBUTION—continued.

Distribution of fresh-water productions—On. the inhabitants of oceanic
islands — Absence of Batrachians and of terrestrial Mammals— On the
relation of the inbabitants of islands to those of the nearest mainland —
On colonisation from the nearest source with subsequent modification
— Summary of the last and present chapter.

Tvesh-vater Productions.
As lakes and river-systems are separated from each other by ba
of land, it. might have been thought that fresh-water pmductmns
would not have ranged widely within the same country, and as the
sea is apparently a still more formidable barrier, that they would
nover have extended to distant countries. But the case s exactly
the reverse. Not only bave many fresh-water specics, belonging to
different classes, an enormons range, but allied_species prevail in &
remarkable manner throughout the world. When first collecting
in the fresh waters of Brazil, T well remember feeling much sur-
prise at the similarity of the frosh-water insects, shells, &, and
at the dissimilarity of the surrounding terrestrial beings, compared
with those of Britain.

But the wide ranging power of fresh-water productions ean, T
thinlk, in most cases be explained by their having become fitted, in
a manner highly useful to them, for short and frequent migrations
from pond to pond, or from stream to stream within their own
countrics; and liability to wide dispersal would follow from this
capacity as an almost necessary consequence.  We can here consider
only a few cases; of these, some of the most difficult to explain
are presented by fish. It was formerly believed that the same
fresh-water species never existed on two continents distant from
- Gilnther has lately shown that the Galaxias
attenuatus inhabits Tasmania, New Zealand, the Falkland Islands,
and the mainland of South America. This is a wonderful case, and
probably indicatas dispersal from an Antarctic centre during a former
warm period. This case, however, is rendered in some degree loss
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surprising by the species of this genus having the power of crossing
Ty some unknown means considerable_spaces of open ocean: thy
there is ane species common to New Zealand and to the Auckland
Tslands, though separated by a distance of about 230 miles, O
the same_continent fresh-water fish often range widely, and as if
capriciously; for in two adjoining river-systems some of the specio
may be the same, and some wholly different. It is probable thay
they are occasionally transported by what may be called accidental
means. Thus fishes still alive are not very rarely dropped at distant
points by whirlwinds ; and it is known that the ova retain their
vitality for o considerable time after removal from the water,
Their dispersal may, however, be mainly attributed to changes in
the level of the land within the recent period, causing rivers to flow
into each ofher. Instances, also, could be given of this having
occurred during floods, without any chango of level. The wide
difference of the fish on the opposite sides of most mountain-ranges,
which are continuous, and which consequently must from an early

iod have completely prevented the inoseulation of the river-
systems on the two sides, leads to the same conclusion. Some
fresh-water fish belong to very ancient forms, and in such cases
there will have been ample time for great geographical changes, and
consequently time and means for much migration over Dr.
Giinther has recently been led by several considerations to infer
that with fishes the same forms have a long endurance. Salt-water
fish can with care be slowly accustomed to live in fresh waters
and, according to Valenciennes, there is hardly a single group of
‘which all the members are confined to fresh water, so that a marine
species belonging to a fresh-water group might travel far along the
shares of the sca, and could, it is probable, become adapted without
much difficulty to the fresh waters of a distant land.

Some species of fresh-water shells have very wide ranges, and
allied species which, on our theory, are descended from a common
parent, and must have proceeded from a singlo source, prevail
throughout the world. Their distribution at first perplexed me
amuch, as their ova are not likely to be transported by birds; and
the ova, as well as the adults, are immediately killed by sea-waer.
I could not even understand how some naturalised species have
spread rapidly throughout the same country. But two facts, which

weed, T have twi
plants adbering to their backs; and it has Lappened to me, in
removing a little duck-weed from one aquarium to another, that I
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have unintentionally stocked the one with fresh-water shells from
the other. But another agency is perhaps more cffectual: I sus-
‘pended the fect of a duck in an aquarium, where many ova of fresh-
water shells were hatching; and 1 found that numbers of the
extremely minute and just-hatched shells crawled on the fect, and
clung to them so firmly that when taken out of the water they
could not e jarred off, though 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
if blown across the sea to an occanic island, or to any other distant
point, would be sure to alight on a pool or rivulet. Sir Charles
Lyell informs me that a Dytiscus has been caught with an Ancylus
(a fresh-water shell like a limpet) firmly adbering 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 been blown by a favouring gale

0 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 occanic islands. This s strikingly
illustrated, according to Alph. de Candolle, in_those large groups of
terrestrial plants, which have very few aquatic members; for the
Iatter seem immediately to acquire, as i in consequence, a wide
range. 1 think favourable means of dispersal explain this fact. 1
Tave before mentioned that carth occasionally adheres in some
quantity to the feet and beaks of birds. Wading birds, which fre-
quent the muddy edges of ponds, if suddenly flushed, would be the
most likely to have muddy feet. Birds of this order wander more
than those of any ofher; and they are occasionally found on the
‘most remote and barren islands of the open ocean; they would not
‘e likely to alight on the surface of the sea, so that any dirt on
their feet would not be washed of; and when gaining the land,
they would be sure to fly to their natural fresh-water haunts, 1 do
not Delieve that botanisis are aware how charged the mud of ponds
i with seeds; T have tried several litle experiments, but will here
give only the most striking case: I took in February three table-
spoonfuls of mud from three different points, beneath water, on the
edge of a little pond : this mud when dried weighed only 63 ounces
1 kept it covered up in my study for six months, pulling up and
counting each plant as it grew; the plants wero of many kinds,
and were altogether 537 in number; and yet the viscid mud was all
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contained in a breakfast cup! Considering theso facts, T think i
would be an inexplicable circumstance if water-birds did not truns-
port the seeds of fresh-water plants to unstocked ponds and streams,
situied ot very isant poits, Tho samo ageney may lave comg
into play with the eggs of some of the smaller fresh-water animals,

e i iy gaies proialiy Lijaal RIEEIS part,
1 have stated that fresh-water fish eat some kinds of seeds, thongh
they reject many other kinds after having swallowed them  even
small fish swallow seeds of moderate size, as of the yellow water-
lly and Potamogeton. Herons and other birds, century after cen-
tury, have gone on daily devouring fish; they then take flight and
o to other waters, or are blown across the sea; and we have seen
that seeds retain their power of germination, when rejected man
Tours afterwards in pellets or in the excrement. When I saw the
great size of the seeds of that fine water-lily, the Nelumbium, and
remembered Alph. de Candolle’s remarks on the distribution of
this plant, I thought that the means of its dispersal must remain
inexplicable; but Audubon states that he found the sceds of the
great southern water-lily (probably, according to Dr. Hooker, tho
Nelumbium lutenm) in a heron's stomach. Now this bird must
often have flown with its stomach thus well stocked to distant
ponds, and then getting a hearty meal of fish, analogy makes mo
elieve that it would have rejected the seeds in a pellet in a fit state
for germination.

In considering these several means of distribution, it should bo
remembered that when a pond or stream 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
bea struggle for life between the inhabitants of the same pond,
however few in kind, yet as the number even in a well-stocked pond
is small in comparison with the number of species inhabiting an
equal arca of land, the competition between them will probably be
less severe than between terrestrial species; consequently an in-
truder from the waters of a foreign country would have a better
chance of seizing on a new place, than in the case of terrestrial
colonists. We should also remember that many fresh-water pro-
ductions are low in the scale of nature, and we have reason
believe that such beings become modified more slowly than the
high; and. this will give time for the migration of aquatic species.
We should not forget the probability of many fresh-water oms
having formerly ranged continuously over immense areas, and th

aving become extinet at intermediate points. But the wide e
tribution of fresh-water plants and of the lower animals, whether
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retaining the same identical form or in some degree modified, appa-
tently dopends in main part on the wide dispersal of their seeds.
and eqgs by animals, more especially by fresh-water birds, which
have great. powers of flight, and naturally travel from one picce of
‘water to another.

On the Tnhabitants of Oceanic Tilands.

We now come to the last of the three classes of facts, which T
have sclected as presenting tho greatest amount of difficulty with
respect to distribution, on the view that not only all the individuals.
of the samo specics have migrated from somo one area, but that
allied species, although now inhabiting the most distant points,
have proceeded from a single area,—the birthplace of their early
progenitors. T have already given my reasons for disbelioving in
continental extensions within the period of existing species, on so
enormous a seale that all the many islands of the several oceans
were thus stocked with their present terrestrial inhabitants. This
view removes many diffiulties, but it does not accord with all the
facts in regard fo the productions of islands, In the following
remarks T shall not confino myself to the mere question of dispersal,
but shall consider some other cases bearing on the truth of the two-
theories of independent, creation and of descent with modification.

The species of all kinds which inhabit oceanic islands are few in

‘ber compared with those on cqual continental arcas: Alph. de
Candolle admits this for plants, and Wollaston for insects. New
Zealand, for instance, with its lofty mountains and diversified
stations, extending 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 swarm over equal arcas in
South-Western Australia or at the Cape of Good Hope, we must
admit that some cause, independently of different physical con-
ditions, has given rise to so great a difference in number. Even
the uniform county of Cambridge has 847 plants, and the little
island of Anglesea 764, but a few forns and a few introduced
‘plants are included in these numbers, and the comparison in some
ofher respects is not quite fair. We have evidence that the barren
island of Ascension aboriginally possessed less than half-a-dozen
flowering plants; yet many specics have now become naturalised
on i, as they have in New Zealand and on every other oceanic island
which can be named. Tn St. Holena there is reason to believe that
the naturalised plants and animals have nearly or quite exter-
minated many native productions. He who admits the doctrine
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of the creation of each separate species, will have to admit that
« sufficient, number of the best adapted plants and animals wer
ot created for oceanic islands ; for man has unintentionally stocked
them far more fully and perfectly than did nature.

‘Although in occanic islands the species are few in mumber, the
proportion of endemic kinds (i, e. those found nowhere elso in
the world) s often extremely large. If we compare, for instance,
the number of endemic land-shells in Madeira, or of endemic birds
in the Galapagos Archipelago, with the number found on any
‘continent, and then compare the area of the island with that of
the continent, we shall seo that this is true. This fact might
lave been theoretically expected, for, as already c\‘plavnnd species
occasionally arriving after long intervals of time in a new and
isolated district, and having to compete with new associates, would
be eminently liable to modification, and would often produce groups
o{ nodified descendants. But it Lby 1o means follows that, because

o'an island nearly all the species of one class are peculiar, those of
mm!her class, or of another section of the same class, are peculiar;
and this difference seems to depend partly on the specics which are
ot modified having immigrated in a body, so that their mutual
relations have not been much disturbed ; and partly on the fro-
quent arrival of unmodified immigrants from the mother-country,
with which the insular forms have intercrossed. Tt should be
borne in mind that the ofispring of such crosses would certainly
gain in vigour; so that eveu an occasional cross would produce
more effect than might have been anticipated. I will give a few
illustrations of the foregoing remarks: in the Galapagos Islands
there are 26 land-birds; of these 21 (or perhaps 23) are peculiar,
whereas of the 11 m: birds only 2 are peculiar; and it is
obvious that marine birds could arrive at these islands much more
casily and frequently than land-birds. Bermuda, on the other
hand, which lies at about the same distance from North America
s the Galapagos Islands do from South America, and which has
a very peculiar soil, does not possess a single endemic land-bird;
and we know from Mr. J. M. Jones's admirable account of Bermuda,
that very many North American birds occasionally or even fre-
quently visit this island.  Almost every year, as I am informed

oy Mr. E. V. Harcourt, many Furopean and African birds are
blown to Madeira; this island is inhabited Dby 99 kinds, of which
one alone is peauliar, though very closely related to a European
form; and three or four other species are confined to this island
and tu the Canaries. So that the Islands of Bermuda and Madeira
have been stocked from the neighbouring continents with birds,

.
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which for long ages have there struggled together, and have
become mutually co-adapted. Hence when settled in their new.
homes, each kind will have been kept by the others to its proper
placo and habits, and will consequently have been but lttle liable
to modification. ~ Any tendency tomodification will also have becn.
checked by intercrossing with the unmodified immigrants, often
arriving from the mother-country. Madeira again is inhabited
Ty & wonderful number of peouliar land-shells, whereas not one
species of seavshell is peculiar to its shores: ow, though we do
not know how sea-shells arc dispersed, yet we can sce that their
cags or larvae, perhaps attached to seaweed or floating timber, or to
the feet of wading-birds, might be transported across three or four
Thundred miles of open sea far more easily than land-shells. The
different orders of insects inbabiting Madeira present nearly parallel
cases.

se
Oceanio islands are sometimes deficient in animals of certain
whole classes, and. their places are occupied by other classes : thus
in the Galapagos Islands reptiles, and in New Zealand gigantic
wingless birds, take, or recently took, the place of mammals.
Although New Zealand is here spoken of as an oceanic island,
it is in some degree doubtful whether it should be so ranked it
s 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. Tuming to plants, Dr. Hooker has
shown that in the Galapagos Islands the proportional numbers of
the different orders are very different from what they are elsewhere.
Al such differences in number, and the absence of certain whole
‘groups of animals and plants, are generally accounted for by sup-

differences in the physical conditions of the islands; but this
explanation is not a little doubtful.  Facility of immigration
scems to have been fully as important as the nature of the con-
ditions.

Many remarkable little facts could be given with respect to the
inhabitants of oceanic islands.  For instance, in certain islands not
tenanted by a single mammal, some of the endemic plants have
beantifully hooked seedss yet few relations are more manifest
than that ook serve for the transportal of seeds in the wool
or fur of quadrupeds. But a hooked seed might be carried to
an island by other means ; and the plant then becoming modified.
would form. an endemic species, still retaining its hooks, which
would form a useless appendage like the shrivelled wings under
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the soldered wing-covers of many insular beetles. Again, islands
often possess trees or bushes belonging to orders which elsewhero
include only herbaceous species; now trees, as Alph. do Candolle
has shown, generally have, whatever the cause may be, confined
ranges. Hence trees would. be little likely to reach distant oceanic
islands;; and an herbaceous plant, which had no chance of suceess-
fully competing with the many fully developed trees growing on
a continent, might, when established on an island, gain an advan-
tage over other herbaceous plants by growing taller and taller and
overtopping them. In this case, natural selection would tend to
add to the stature of the plant, to whatever order it belonged, and
thus first convert it into a bush and then into  tree.

Absence of Batrachians and Terrestrial Mammals on Oceanic
Islands.

With respéct to the absence of whole orders of animals on oceanic
islands, Bory St. Vincent long ago remarked that Batrachians
(irogs, toads, newts) are never 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 true, with the exception
of New Zealand, New Caledonis, the Andaman Tslands, and per-
haps the Salomon Tslands and the Seychelles. But I have already
remarked that it is doubtful whether New Zealand and New Cale-
donia ought to be classed as oceanio islands ; and this is still moro
doubtful with respect to the Andaman and Salomon groups and
the Seychelles. This general absence of frogs, toads, and newts on
so man oceanic islands cannot be accounted for by their
physical. conditions : indeed it scems that islands are peculiarly
fitted for theso animals; for frogs have been introduced into Ma-
deira, the Azores, and Manritius, and have multiplied 50 as o
become o nuisance.  But as these animals and their spawn are im=
mediately killed (with the exception, as far as known, of one Indian
species) by sea-water, there would be great difficulty in their trans-
portal across the sea, and therefore we can see why they do 1ot
exist on striotly occanic islands. But why, on the theory of crea-
tion, they should not have been created there, it would be very
difficult o explain.

similar case. Thave searched
the oldest voyages, and 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 arc equally barren. The Falk
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Tslands, 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 inconneetion with the mainland at the distance of
about 280 miles ; moreover, icebergs formerly brought boulders to
its western shores, and they may have formerly transported foxes,
a5 now frequently happens in the arctic regions. Yet it cannot be
said that small islands will not support af least small mammals,
for they ocour in many parts of the world on very small islands,
when lying close to a continent; and hardly an island can be
named on which our smaller quadrupeds havo not become natu-
ralised and greatly multiplied. 1t cannot be said, on the ordinary
view of creation, that there has not been time for the creation of

mammals ; many volcanic islands are sufficiently ancient, as shown
by the shependous degradation which they have suflered, aud by
their tertiary strata : thore has also been time for the production
of endemic species belonging to other classes ; and on continents
it is known that new species of mammals appear and disappear ot
a quicker rate than other and lo\wl animals. Although terrestrial
‘mammals do not occur on oceanic islands, aerial mammals do oceur
on almost every island. New Zealand possesses two bats found
nowhere else in the world : Norfolk Islands the Viti Archipelago,
the Bonin Islands, the Caroline and Marianne Archipelagoes, and
Mauritius, all. possess their peculiar bats. Why, it may be asked,
has tho supposed. creative force produced bats and no other mam=
‘mals on remote islands? On my view this question can easily be
answered ; for 1o terrestrial mammal can bo transported 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 cither rogularly or occasionally visit Bermuda, at
the distance of 600 miles from the mainkand. T hear from Mr.
Tomes, who has specially studied. this family, that many species
have enormous ranges, and are found on continents and on far
distant islands. Hence we have only to suppose that such wan-
dering species have been modified in their new homes in relation
to their new position, and we can understand the presence of
endemic bats on oceanic islands, with the absenco of all other
terrestrial mammals.

Another interesting relation exists, namely between the depth
of the sea eparaing slands from each ther or from tho nearest
continent, and the degreo of affinity of their mammalian  inha-
bitants. Mr. Windsor Earl has made some striking observations
on. this head, sinco greatly xtended by Mr. Wallace's admiratlo
researches, in regard to the great Malay Archipelago, which is
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traversed near Celebes by a space of deep ocean, and this separate
two widely distinct mammalian faunas. —On ither side the islands
stand on @ moderately shallow submarine bank, and theso island
are inhabited by the same or by closely allied quadrupeds. T haye
not as yet had time to_ follow up this subject in all quarters of the
world; but as far as I have gone, the relation holds good. For
instance, Britain is separated by a shallow umnml from Burope,
and the maummals are tho semo on ot siles; and o t s withl
the islands near the shores of Australia. ‘The ‘Wost Tndian Islands,
on the other hand, stand on dvqﬂy submerged bank, nearly 1000
fathoms in depth, and here we find American forms, but the species
and even the genera are quite distinct.  As the amount of modi-
fcation which animals of all kinds \md&rm\, partly depends on the
Tapse of time, and as the islands which are separated from each
ol 5 s it oAl A eunile s i likely
to have been continuously united within a recent period than the
islands separated by deeper channels, we can understand how it
is that a relation exists between the depth of the sen separating
two mammalian faunas, and the degeee of their affnity,—a relation
which is quite inexplicable on the theory of independent acts of
creation.

The foregoing «mmmu in regard to the inhabitants of oceanic
islands,—namely, the fewness loe species, with a large proportion
consisting of endemic forms—the members of certain groups, but
ot those of other groups in the same class, having been modificd—
the absence of certain whole orders, as of batrachians and of ter-
restrial mammals, notwithstanding the prescnce of acrial bats,—
the singular proportions of certain orders of plants,—herbaceous
forms having been developed into trees, &c.—seem to me to accord
Detter with the belif in the efficiency of occasional means of trans=
port, carried. on during a long course of time, than with the beliel
in the former connection of all oceanic islands with the nearest
continent; for on this latter view it is probable that the varions
classes would have immigrated more uniformly, and from the
species having entered in a body their mutual relations would not
have been much disturbed, and consequently they would either have
ot been modified, or all the species in a more equable manner.

1 do not deny that thero aro many and serious difficulties it
understanding how many of the inhabitants of the more remot¢
islands, whether still retaining the sume specific form or subse-
quently modified, have reached their present homes. Bub
‘probability of other islands having once existed as halting-places
of which not a wreck now remains, must not be overlooked. Ivill
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specify one difficult case. Almost all oceanic islands, even the
‘most isolated and smallest, are inhabited by land-shells, generally
by endemic specics, but sometimes by species found elsewhere,—
striking instances of which have been given by Dr. A. A. Gould
in relation to the Pacific. Now it is notorious that land-shells
are easily killed by sea-water; their eggs, at least such as I have
riod, sink in it and are killed. Yet there must be some unknown,
but occasionally efficient means for their transportal. Would the
just-hatehed young sometimes adhere to the fect of birds roosting
‘on the ground, and thus get transported ? It occurred to me that
Jand-shells, when hybernating and having a 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 find that
several species in this state withstand uninjured an immersion in
sea-water during seven days: one shell, the Helix pomatia, after
having been thus treated and again hybernating was put into sea-
water for twenty days, and perfectly recovered. During this length
of time the shell might have been carried by a marine current, of
average swiftness, to a distance of 660 geographical miles. As
this Helix has a thick calcarcons operculum, I removed it, and
when it had formed a new membranous one, I again immersed it
for fourteen days in sea-water, and again it recovered and crawled
away. Baron Aucapitaine has since tried similar experiments: he
Placed 100 land-shells, belonging to ten species, in a box plerced
with holes, and immersed. it for a fortnight in the sea. Out of the
lnndred shells, twenty-seven recovered. 'The presence of an oper-
culum seems o have been of importance, as out of twvelve specimens
of Cyclostoma elegans, which is thus furnished, eleven rovived. It
s remarkable, sceing how well the Helix pomatia resisted with me
the salt-water, that not one of fifty-four specimens belonging to
four other species of Helix tried by Aucapitaine, recovered. 1t is,
however, not at all probable that land-shells have often been thus
transported ; the feot of birds offer a more probable method.

On the Relations of the Inhabitants of Tslands to those of the
‘mearest Mainland.

The most striking and important fact for us is the afinity of the
species which inhabit islands to those of the nearest mainland,
without being actually the ssme. Numerous instances could be
given. The Galapagos Archipelago, situated under the equator,
Ties at the distance of between 500 and 600 miles from the shores
of South America. Here almost every product of the land and of
the water bears the unmistakeable stamp of the American continent.

24
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Thero are twenty-six land-birds; of these, twenty-one or perhaps
wonty-three e ranked as istinct apecies, and would commenly by
assumed to have been here created ; yet the close afinity of mos;
of theso birds to American species is manifest in every character,
in their babits, gestures, and tones of voice. 80 it is with the ofher
animals, and with a largo proportion of the plants, as shown by
Dr. Hooker in his admirable Flora of this archipelago. Tho natu-
Talist, looking at the inhabitants of these volcanic islands in the
Pacific, distant several hundred miles from the continent, fecls 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 5o plainly the
stamp of affinity to those created in America? There is nothing
in the conditions of life, in the geological nature of the islands, iu
their height or climate, or in the proportions in which the severl
classes are associated togother, which closely resembles the con-
ditions of the South American coast : in fact, there is a considar-
able dissimilarity in all these respects. On the other hand, thers
is & considerable degree of resemblance in the volcanic nature of
the soil, in the climate, height, and size of the islands, between the
Galapagos and Cape de Verde Archipelagoes : but what an entiro
and absolute_difference in their inhabitants! The inbabitants of
the Cape de Verde Islands aro related to those of Africa, like those
of the Galapagos to America, Facts such as these, admit of 1o
sort of explanation on the ordinary view of independent creation;
whereas on the view hero maintained, it is bvious that the Gala-
pagos Tslands would be likely to receive colonists from Americ,
whether by occasional means of transport or (though I do nob
‘elieve in this doctrine) by formerly continuous land, and the Cape
de Verde Islands from Africa; such colonists would be lable
to modification,—the principle of inheritance still betraying their
original birthplace.

Many analogous facts could be given: indced it is an almost
universal rule that the endemic productions of islands are related
to those of the nearest continent, or of the nearest large jsland.
The exceptions are few, and most of them can be explaied:
Thus although Kerguelen Land stands nearer to Africa than f0
America, the plants 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
carth and stones on. icebergs, drifted by the prevailing currents,
this anomaly disappears. New Zcaland in its endemic plants
‘much more closely related to Australia, the nearest mainland,
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toany other region : and this is what might have been expected ;
Dut 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 dificulty partially disappears on
the view that New Zealand, South America, and the other southern
Tands have been stocked in part from a nearly intermediate though
distant point, namely from the antaretic islands, when they wero
clothed with vegetation, during a warmer tertiary period, before the
commencement of the last Glacial period. The affinity, which
though fecble, Tam assured by Dr. Hooker is real, between the flora
of the south-western comer of Australia and of the Cape of Good
Hope, is & far moro remarkable case; but. this affinity is confined
4o the plants, and will, no doubt, some day be explained.

The same law which has determined the relationship between
the inbabitants of islands and the nearest mainland, is sometimes
displayed on a small scale, but in a most interesting mamner,
within the limits of the same archipelago. Thus cach separato
island of the Galapagos Archipelago is tenanted, and. the fact is a
marvellous one, by many distinct specios: but these spocies aro
related to each other in a very much closer manner than to the
inhabitants of the American continent, or of any other quarter
of the world.  This is what might have been expected, for islnds
situated 50 near to each other would almost, necessarily receive im-
‘migrants from the same original source, and from each other. But
how is it that many of the immigrants have been differently
‘modified, though only in a small degree, in islands situated within
sight of each other, having the same geological nature, the same
height, climate, &.? This long appeared to me a great difficulty :
ut i arises in chief part from the deeply-seated error of considering
the physical conditions of a conntry as the most important; wh
it cannot be disputed that the nature of the other species with
which cach has to compote, is at least as important, and generally
a far more important clement of success. Now if we look to the
species which inhabit the Galapagos Archipelago and are like-
wise found. in other parts of the world, we find that they di
cousiderably in the several islands. 'This difference might indoed
have been expeoted if the islands have been stocked by occasional
means of transport—a sced, for instance, of one plant having been
Trought to one island, and that of another plant to another island,
though all proceeding from the same general source.  Hence, when
in former times an immigrant first settled on one of the islands,
ar when it subsequently spread from one to another, it would
undoubtedly be exposed to different conditions in the difforent
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islands, for it would have to compete with a different set of
organisms; & plant for instance, would find the ground best fitted:
for it occupied by somewhat different species in the different
islands, and would be exposed to the attacks of somewhat dif-
ferent enemies.  1f then it varied, natural selection would probably
favour different varioties in the different islands. Some species,
however, might spread and yet retain the same character through-
out the group, just as we see some species spreading widely
throughout a continent and remaining the same.

The really surprising fact in this case of the Galapagos Archipe-
lago, and in a lesser degree in some analogous cases, is that each
new species after being formed in any one island, did not spread
quickly 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 between the islands,

d gales of wind are extraordinarily rare; so that the islands are
far more effectually separated from each other than they appear on
amap. Nevertheless some of the species, both of those found in
other parts of the world and of those confined to the archipelago,
are common to the several islands; and we may infer from their
present manner of distribution, that they have spread from one
island to the others. But we often take, I think, an erroneous view
of the probability of closely-allied species invading each other’s
territory, when put into free intercommunication. Undoubtedly, if
one species has any advantage over another, it will in a very briel
time wholly or in part supplant it ; but if both are equally well fitted
for their own places, both will probably hold their separate places-
for almost any length of time. Being familar with the fact that
many species, naturalised through man’s agency, have spread with
astonishing rapidity over wide areas, we are apt to infer that most
species would thus spread ; but we should remember that the species
which become naturalised in new countries are not generally closely
allied to the aboriginal inhabitants, but are very distinct forms,
belonging in a large proportion of cases, as shown by Alph. de
Candolle, to distinct genera. In the Galapagos Archipelago, many
even of the birds, though so well adapted for flying from island
to island, differ on the different islands; 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:
Tsland to be blown to Charles Island, which has its own mocking-
thrush; why should it succeed in establishing itself there? We
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may safely infer that Charles Island is well stocked with its own
species, for annually more eggs are laid and young birds hatched,
than can possibly be reared ; and we may infer that the mocking-
thrush peculiar to Charles Tsland is at least as well fitted for its
‘Tome as i the species peculiar to Chatham Tsland.  Sir C. Lyell
and Mr. Wollaston have communicated to me a remarkable fact
‘earing on this subject ; namely, that Madeira and the adjoining
islet of Porto Santo possess many distinet but representative
species of land-shells, some of which live in crovices of stone
and although large quantities of stone are annually transported
from Porto Santo to Madeira, yet this latter island has not become
colonised by the Porto Santo species: nevertheless both islands
Tave been colonised. by European land-shells, which no doubt had
some advantage over the indigenous species. From these con
siderations 1 think we need not greatly marvel at th endemic
species which iuhabit the several islands of the Galapagos Archi-
pelago, not having all spread from island to island. On the samo
continent, also, preoccupation has probably played an important
Jart in checking the commingling of the species which inhabit
different districts with nearly the same physical conditions, Thus,
the south-east and south-west comners of Australia have nearly the
same physical conditions, and are united by continuous land,
yet they are inhabited by a vast number of distinct mammals,
birds, and plants; so it is, according to Mr. Bates, with the butter-
flies and other animals inhabiting the great, open, and continuous
valley of the Amazons.

The same principle which governs the general character of the
inhabitants of oceanic islands, namely, the relation to the source
whenes colonists could have been most easily derived, together with
their subsequent modification, is of the widest application through-
out nature,  We sce this on every mountain-summit, in every lake
and marsh, For Alpine species, excepting in as far as the same
species have become widely spread during the Glacial epoch, are
related to those of the surrounding lowlands; thus we have in
South America, Alpine humming-birds, Alpine rodents, Alpine
plants, &, all strictly belonging to American forms; and it is
‘obvious that a mountain, as it became slowly upheaved, would be
colonised from the surrounding lowlands. 8o it is with the inha-
bitants of lakes and marshes, excepting in so far as great facility
of transport has allowed the same forms to prevail throughout
large portions of the world. We sce this same principle in tho
character of most of the blind animals inhabiting the caves of
America and of Europe. Other analogous facts could be given,
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X0 wil, L belevs, bo found nfvenally true, that wherows n bwo
Togions, let them b ever so distant, many closely allied or repro-
sentative species oceur, there will likewise bo found some identical
species; and wherever many closely-allied species occur, there will
be found many forms which some naturalists rauk as distinet
species, and others as mere varicties ; these doubtful forms showing
us the steps in the progress of modification.

The relation botween tho power and extent of migration in
certain species, either at the present or at some former period, and
the existence at remote points of the world of closely-allied secies,
is shown inanother 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. 1 can hardly
doubt that this rule is gonerally true, though difficult of proof.
Amongst mammals, we see it strikingly displayed in Dats, and
in a losser degree in the Felidw and Canidw. We see the sae
rulo in the distribution of butterflies and bectles. So it is with
most of the inhabitants of fresh water, for many of the genera
in the most distinct classes range over the world, and many of the
species have enormous ranges. 1t is not meant that all, but tha
some of the species have very wide ranges in the genera which
rango very widely. Nor is it meant, that the species in such
genera. havo on an average a very wide range; for this wil
largely depend on how far the process of modification has gone;
for_instance, two varieties of the same species inhabit Americy
and Europe, and thus the species has an immense range; but,if
variation were to be carried a little further, the two varieties would
e ranked as distinct species, and their range would be greatly
reduced.  Still less is it meant, that species which have the
capacity of crossing barriers and ranging widely, as in tho case
of cartain powerfully-winged birds, will necessarily range widely;
for wo should never forget that to range widely implies not ouly
the power of crossing barriers, but the more important power of
being victorious in_distant lands in the struggle for lifo with
foreign associates. But according to the view that all the species
of a genus, though distributed to the most remote points of tho
world, are descended from a single progenitor, we ought to find,
and I believe as'a general rule we do find, that some at least of
the species range very widely.

We should bear in mind that many genera in all classes are of
ancient origin, and the species in this case will have had ample
time for dispersal and subsequent modification. There is als>

reason to believe from geological evidence, that within each grest
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class tho lower organisms change at a slower rato than the higher ;
consequently they will have had a better chance of ranging widely
and of still retaining tho sume specific character. This fact,
together with that of the seeds and eggs of most lowly organised.
forms being very minute and better fitted for distant transportal,
probably accounts for a law which bas long been observed, and
which has lately been discussed by Alph. de Candolle in regard to
plants, namely, that the lower any group of organisms stands, the
more widely it ranges.

The relations just disoussed,—namely, lower organisms ranging
moro widely than the higher,—some of the species of widely=
sanging genera themselves ranging widely,—such facts, as alpine,
lacustrine, and marsh productions being generally related to thoso
which live on the surounding low lands and dry lands,—the
siriking relationship betwoen the inhabitants of islands and those
of the nearest mainland—the still closer relationship of the distinct
inhabitants of the islands in the same archipelago—are inexplicable
on the ordinary view of the independent creation of each species,
but are explicable if we admit colonisation from the nearest or
readiest source, together with the subsequent adaptation of the
colonists to their new homes.

Summary of the last and present Chapters.

To these chapters T have endeavoured to show, that if we make
due allowance for our ignorance of the full effects of changes of
climate and of the level of the land, which have certainly ocourred
within the recent period, and of other changes which have probably
cccurred,—if we remember how ignorant we are with respect to the
‘many eurious means of occasional transport,—if we bear in mind,
and this is a very important consideration, how often a species
may have ranged continuously over a wido area, and then have

e extinct in the intermediate tracts,—the diffculty is not
insuperable in believing that all the individuals of the same
species, wherever found, are desoended from common parents.
Aud we are led to this conclusion, which has been arrived at by
‘many naturalists under the designation of single centres of creation,
by various general considerations, more especially from the import-
ance of barriers of all kinds, and from the analogical distribution of
sub-genern, gener, and families.

With respect to distinct species belonging to the same genus,
which on our theory have spread from one parent-sourco ; if We
make the sume allowances as before for our ignorance, and re-
mewber that some forms of life have changed very slowly,
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enormous periods of time having been thus granted for thei
‘migration, the difficulties are far from insuperable; though in
this case, a5 in that of the individuals of the sume species, they

are often great

ing the offects of climatal changes on distribution,
1 have attempted to show how important & part the last Glacial
period has played, which aflected cven the equatorial Togions,
and which, during the alternations of the cold in the north and
south, allowed the productions of opposite hemispheres to mingle,
and left some of them stranded on the mountain-summits in all
parts of the world. As showing how diversified aro the ‘means
of occasional transport, I have discussed at some lttle length the
‘means of dispersal of fresh-water productions.

If the diffiulties be not insuperable in admitting that in the
long courso of time all the individuals of the same specics, and
likewise of the several species belonging to the same genus, ave
‘proceeded from some one sources then all the grand leading facts
of geographical distribution are explicable on the theory of
‘migration, together with subscquent, modification and the multi
cation of new forms. We can thus understand the high importance
of barriers, whether of land o water, in not only separating, but in
apparently forming the several zoological and botanical provinces.
We can thus understand the concentration of related species within
the same areas; and how it is that under different latitudes, or
instance in South America, the inhabitants of the plains aud
‘mountains, of the forests, marshes, and deserts, are linked together
in 80 mysterious a manner, and are likewise Tinked to the extinct
beings which formerly inhabited 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 Lifo; for according to the length of time which has elapsed
since the colonists entered one of the regions, or both ; according
to the nature of the communication which allowed certain forms
and not others to enter, cither in greater or lesser numbers; accord-
ing or not, as those which entered happened to come into more or
less direct, competition with. each other and with the aborigines;
and according as the immigrants were capable of varying more of
less rapidly, there would ensue in the two or more regions, inde-
pendently of their physical conditions, infinitely diversifid con-

itions of lfe,—there would be an almost endless amount of organio
action and reaction,—and we should find some groups of beings
greatly, and some only slightly modified,—some developed in great
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foree, some existing in scanty numbers—and this we do find in
the several great geographical provinces of tho world.

On these same principles we can understand, as T havo endea-
voured to show, why oceanic islands should have few inhabitants,
Tut that of these, a large proportion should be endemic or peculiar;
and why, in relation to the means of migration, one group of beings
should have all its species peculiar, and another group, even within
the same class, should have all its species the same with those in
an adjoining quarter of the world, We can see why whole groups
of organisms, as batrachians and terrestrial mammals, should be
absent from oceanic islands, whilst the most isolated islands should
‘possess their own peculiar species of aerial mammals or bats. We
can see why, in islands, there should be some relation between the
presence of mammals, in a more or less modified condition, 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 distinet on the several islets, should be closely related
to cach other; and should likewise be related, but loss closely, to
those of the nearest continent, or other source whence immigrants
might bave been derived. We can seo why, if there exist very
closely allied or representative species in two aras, however distant

m each other, some identical species will almost always there be

und.

As the Inte Edward Forbes often insisted, there is a striking
porallelism in the laws of life throughout time and spa
‘governing the succession of forms in past times being nearly the
samo with those governing at the present time the differences in
different areas. W see this in many facts. The endurance of each
specics and group of species is continuous in time; for the apparent
exceptions o the rule are so few, that they may fairly be attributed
40 our not having as yet discovered in an intermediate deposit certain
forms which are absent in it, but which occur both above and
below : 5o in space, it certainly is the general rule that the area in-
habited by o 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 cir-
cumstances, or through occasional means of transport, or by the
species having become extinct in the intermediate tracts. Both
in time and space, species and groups of species have their points
of maximum development. Groups of specics, living during tao
samo period of time, or living within the same area, are often
chamcterised by triffing featnres in common, as of sculpture or
colour, Tn looking to the long succession of past ages, as in
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loung to distant provinces thmu'huut the world, we find thas
species in certain classes differ little. from each. other, whilst thoss
in_another class, or only in a i o samo order,
differ greatly from each other. In both timo and space the lowly

organised members of each class generally change less than the
lu«hly organised ; but thero are in both cases marked exceptions
1o the rule. According to our theory, these several relations
ﬂxm\vgl\om; time and space are intelligible ; for whether we lock to
the allied forms of life which have changed during successive ages,
or to those which have changed after having migrated into distant
quarters, in bo(l\ cases they are connected by the same bond of
ondinary generation; in both cases the laws of variation have been
tho s, and modientions have bosa sccuunulated. by tho sme
means of natural selection.
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CHAPTER XIV.

Muruar, AFFiNiTiES oF ORGaNIc Berxos : MoRPHOLOGY :
EMBRYOLOGY : RUDDIENTARY OBGANS.

CLASIFICATION, groups subordinate to groups — Natural system — Rules
and diffculties in classification, explained on the theory of descent with
molification — Classification of varieties — Descent always usel in

x adaptive i eral,
ction separates and defines groups —

MoRPHOLOGY, between members of the sume class, between parts o
the same individual — EXBRYOL0GY, laws of, explained by variations

Rot supervening at an early age, and being inherited at a corresponding
— RUDIMENTARY ORGANS ; their origin explained — Summary.

complex, and radiating —

Classification.
Froxt the most remote period in the history of the world organic
Teings have been found. to resemble each other in descending de-
grees, 50 that they can be classed in groups under groups. This
classifiation is not. arbitrary like the grouping of the stars in
constellations. The existence of groups would have been of simple
sigaificance, if one group had been exclusively fitted to inhabit the
Jaud, and another the water ; one to feed on flesh, another on vege-
table matter, and so on 3 but the case is widely different, for it is
aotorious how commonly members of even the same sub-group have
different habits. In 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 cach.
class, which vary most. The varieties, or incipient species, thus
produced, ultimately become converted into new and distinct
species ; and. these, on the prineiple of inheritance, tend to produce
other new and dominant species. - Consequently the groups which
are now large, and which generally include many dominant spe
tend to go on inereasing in size. 1 further attempted to show that
from the \Mymg descendants of each species trying to occupy s
many and as different places as possible in the economy of nature,
e constantly tend 0 civergs u eharacter, Thislatte conclusion
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is supported by observing the great diversity of forms which, in any
small area, come into the closest competition, and by certain fucqy
in naturalisation.

T attempted also to show that there is a steady tendency in th
forms which are increasing in number and diverging in charcter,
to supplant and exterminate the preceding, less divergent and leg
improved forms. I request the reader to tum to the diagram
illustrating 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 progenitor become broken
up into groups subordinate to groups. In the diagram each letter
on the uppermost, line may represent a genus including sevenl
species; and the whole of the genera along this upper line form
together one class, for all are descended from one ancient parent
and, consequently, have inherited something in common. Tut the
three genera on the left hand have, on this same principle, much in
common, and form a sub-family, distinct from that containing 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 in common, though less than when grouped in sub-families;
and they form a family distinct from that containing the three
genera still farther to the right hand, which diverged at an earlie
period.  And all these genera, descended from (A), form an order
distinct from the genera descended from (T). So that we here havo
many species descended from a singlo progenitor grouped into
genera; and the genera into sub-families, familics, and orders, all
wnder one great class. The grand fact of the natural subordination
of organic beings in groups under groups, which, from its famili-
rity, does not always sufficiently strike us, is in my judgment this
explained. No doubt organic beings, like all other objects, can bb
classed inmany ways, ither artificially by single characters oF moro
naturally by a number of characters. We know, for instance, that
minerals and the clemental substances can be thus arranged. It
this case thero is of course no relation to genealogical successiory
and mo canse can at present be assigned for their falling intd
groups. But with organic beings the case is different, and the
view above given accords with their natural arrangement in grotp
under group; and no other explanation has ever been attempted-

Naturalists, as we have seen, try to arrange the species, genetty
and familics in each class, on what is called the Natural Systeth
But what is meant by this system? Some authors look at it merely
as-a scheme for arranging together those living objects which a1
nost alike, and for separating those which are most unlike; o8
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4n artificial method of enunciating, as briefly as possible, general
propositio is, by one sentence to give the characters
common, for instance, to all mammals, by another those common
1o all carnivora, by another those common to 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 indispu-
table. But many naturalists think 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 whiat else is meant by the plan of the Creator, it scems
to me that nothing is thus added to our knowledge. Expressions
such as that fimous one by Linnens, which we often meet, with in
amore or less concealed form, namely, that the characters do not
‘make the genus, but that the genus gives the characters, seem to-
imply that some deeper bond is included in our classifications than
‘mere resemblance. I believe that this is the case, and that commu-
aity of descent—the one known cause of closo similarity in organic
beings—is the bond, which though observed by various degrees of

‘modification, is partially revealed to us by our classifications.

Let us now consider the rules followed in classification, and the
difinlties which are encountered on the view that classification
cither 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 cach being
in the economy of nature, would be of very high importance in
classifiation.  Nothing can be more false. No one regards the
external similarity of @ mouse to a shrew, of a dugong to a whale,
of a whalo to a fish, as of any importance. These resemblances,
though so intimately connected with the whole life of the being,
are ranked as merely “ adaptive or analogical characters ;” but to.
the consideration of these resemblances we shall recur. It may
even bo given as  general rule, that the less any part of the organ-
isation is concerned with special habits, the more important it
becomes for classification.  As an instance : 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, 1 have
always regarded as affording very clear indications of its true affini-
ties. We are least likely in the modifications of these organs to
mistakie & merely adaptive for an essential character.”  With plants
Bow remarkable it is that the organs of vegetation, on which their
nutrition and life depend, are of little signification; whoreas tho
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organs of reproduction, with their product the seod and embryo, ary
of paramount importance! S0 again in formerly disoussing certain
‘morphological characters which are not functionally important, wo
‘have seen that they are often of the highest service in classification,
This depends on. their constancy throughout many allied groups
and their constancy chicfly depends on any slight deviations noy
Taving been preserved and accunnulated by natural scleotion, which
acts only on serviceable characters.

That the mere physiological importance of an orzan does not

ificatory value, is almost proved by the fact, that
which the same organ, as we have every reason
£o suppose, has nearly the same physiological value,its elassificatory
Value is widely different. No naturalist can have worked long ot
any group without being struck with this fact; and it has been
fully acknowledged in the writings of almost every author. It
will suffice to quote the highest authority, Robert Brown, who,
in speaking of certain, organs in the Proteace, says their generc
importance, 1ike that of all their parts, not only in his, but,as
apprehend, in. every natural family, is very unequal, and in some
cases scems to be entirely lost.” Again, in another work he says,
the genera of the Conuarace “differ in having one or moro
ovaria, in the existence or absence of albumen, in the imbricate or
valvular astivation. Any one of these characters singly is fre-
quently of more than generic importance, though here even when
all taken together they appear insufficient to separate Cnestis from
Connarus.” o give an example amongst insects : in one great di-
on of the Hymenopters, the antenna, as Westtwood bas remarked,
are most constant in structure ; in another division they differ muck,
and the differences are of quite subordinate value in classifications
et 1o one will say that the antennm in theso two divisions of the
Same order are of unequal physiological importance,  Any number
of instances could be given of the varying importance for classi-
fication of the same important organ within the same group of
‘beings.

Again, no one will say that rudimentary or atrophied organs a7
of high physiological or vital importance ; yet, undoubtedly, orgiS
in this condition are often of much value in classification. No 08¢
will dispute that the rudimentary teeth in the upper jaws of YouS
Tuminants, and certain rudimentary bones of the leg, are bighly
serviceablo in exhibiting the close affinity between ruminants
pachyderms. Robert Brown bas strongly insisted on the fact e
the position of the rudimentary florets is of the highest importan®®
in the classification of the grasses.
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Numerous instances could be given of characters dorived fmm
parts which must be considered of very trifling physiological iy
ance, but which are universally admitted as highly i
‘the definition of whole groups. For instance, whether or not there
45 an open passage from the nostrils fo the mouth, the only charac-
tor, according to Owen, which absolutely distinguishes fishes and.
septiles—the inflcction of the angle of the lower jaw in Marsupials
—the manner in which the wings of insects are folded—mere
colour in certain Algr—mere pubescence on farts 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 trifiing character would
‘have been considered by naturalists as an important aid in deter-
g i the degreo of afnity of this strunge creature to birds.
portance, for classification, of trifiing characters, mainly

b5ttt el corolated with, any ofher characters of
more or less importance. The value indeed of an aggregate of
characters is very evident in natural history. Hence, as bas often
been remarked, o species may depart from its allies in soveral
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,
Tas always failed; for no part of tho organisation is invariably
constant.  The importance of an aggregate of characters, even when
none are important, alone explains the aphorism enunciated by
Linnzeus, namely, that the characters do not give the genus, but
the genus gives the characters; for this seems founded on the
appreciation of many trifiing points of resemblance, too slight to be
defined. Certain plants, belonging to the Malpighiacew, bear
perfect and degraded flowers; in the latter, as A, de Jussien has
remarked,  the greater number of the characters proper to the
species, o the gents, to the family, to the class, disappear, and thus
lnugh at our classification.” When Aspicarpa produced in France,
during several years, only these degraded flowers, departing so
wonderfully in a number of the most important points of structure
from the proper type of the order, yet M. Richard sagaciously sav,
as Jussien observes, that this genus should still be retained amongst
the Malpighiacem. This case well illustrates the spirit of our
classifications.

i when naturalists are at work, they do not trouble
themselves about the physiological value of the characters which
they use in defining a group or in allocating any particular specics.
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1 they find a character nearly uniform, and common o a great
umber of forms, and not common to others, they use it s one of
Tigh value; if common to some lessor number, they use it as of
subordinate value, This principle has been broadly confessed by
some naturalists to be the true one; and by none more clearly than
Dy that excellent botanist, Aug. St. Hilaire. If soveral trifing cha-
racters are always found in combination, though no apparent bond
of connection can be discovered 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 aerating it, or those for pro-
pagating the race, are found nearly uniform, they are considered as
highly serviceable in classification'; but in somo groups all these,
the most important vital organs, are found to offer characters of
quite subordinate value, Thus, as Frita Miiller has lately remarked,
in the same group of crustaceans, Cypridina is furnished with &
heart, whilst in two closely allied genera, namely Cypris and
Cytherea, there is no such organ ; one species of Cypridina has well-
developed branchia, whilst another species is destituto of them

We can see why characters derived from the embryo should bo
of equal importance with those derived from the adult, for a natural
classification of course includes all ages. 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, Milno Edwards
and Agassiz, that embryological characters are the most important
ofall; and this doctrine has very generally been admitted as truc.
Nevertheless, their importance has sometimes been exaggerated,
owing o the adaptive characters of larvie not having been excluded ;.
in order to show this, Fritz Miller arranged by the aid of such
characters alone the great class of crustaceans, and the armngement
did not prove a matural one. But thero can be o doubt that
embryonic, excluding larval characters, are of the highest value
for classification, not only with animals but with plants. Thus the
main divisions of flowering plants are founded on differences in
the embryo,—on the number and position of the cotyledons, and o
the mode of development of the plumule and radicle. We shall
immediately sco why these characters possess so high  value in
classification, namely, from the natural system being genealogical
in its arrangement.

Our classifications are often plainly influenced by chains of afiai-
ties. Nothing can be easier than to define a number of characters
common to all birds ; but with crustaceans, any such definition b3
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bitherto been found impossible. There are crustaceans at the
opposite ends of the series, which have hardly a character in com-
mon; et the species at both ends, from being plainly allied to
others, and these to others, and so onwards, can be recognised as
unequivocally 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 especially in very largo
groups of closely allied forms. Temminck insists on the utility or
even necessity of this practice in certain groups of birds
‘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 first ranked by
practised naturalists as only & 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 over-
looked, but because numerous allied species with slightly different
‘grades of difference, have been subsequently discovered.

Al the foregoing rules and aids and difficulties in classification
‘may be 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 in-
herited from a common parent, all true classification being genea~
logieal ;—that, community of descent is the hidden bond which
naturalists have been unconsciously seeking, and not some unknown
Plan of creation, or the enunciation of general propositions, and the
mere putting together and separating objects more or less alike.

But I must explain my meaning more fully. T believe that the
arrangement of the groups within each class, in due subordination
and relation to each other, must be strictly genealogical in order
10 be natural; but that the amount of difference in the several
‘ranches or groups, though allied in the same degree in blood to
their common progenitor, may differ greatly, being due to the
different degrecs of modification which they have undergone ; and
this is expressed by the forms being ranked under different genera,
Humilics, 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

23
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allied genera existing during the Silurian epoch, and descended from
somo still earlier form. In three of these genera (A, T, and 1), o

cies has transmitted modified descendants to the resent day,
Fepresented. by he. fftcen geners (a* o £4) on tho uppermen
horizontal line. Now all these modified descendants from a single
species, are related in blood or descent in the same degree; they
1uay metaphorically be called cousins to the same millionth degree
et they differ widely and in different degrees from each other. Tho
forms descended from A, now broken up into two or threo fumilies
constitute  distinct order from those descended from T, also broken,
up into two families, Nor can the existing species, descended from
A, be ranked in the ssme genus with the parent A; or those
from T, with the parent L. But the existing genus 1 may bo sup-
‘Dosed o hava been bat ljghtly modified; and 1 will o Tk with
the parent-genus I'; just as some few still living organisms belong
to Silurian genera. Bo that the comparative value of the differences
etween these organic beings, which are all related to cach other in
the same degree in blood, has come to be widely different, Never-
theless their genealogical arrangement remains striotly true, not
only at the present time, but at each successive period of descent.
AIl the modified descendants from A will have inherited something
in common from. their common parent, as will all the descendants
from T s0 will it bo with each subordinate branch of descendants,
at each successive stage. 1f, however, we suppose any descendant of
A,or of T, to have become so much modified as to have lost al traces
of its parentage, in this case, its place in the natural system wil be
lost, as seems to have ocourred with some few existing organisms.
All the descendants of the genus F, along its whole line of descent,
are supposed to have been bub little modified, and they form a single
genus. But this genus, though much isolated, will still occupy its
‘proper intermediate position. The representation of the groaps,
as here given in the diagram on a flat surface, is much too simple-
The branches ought to have diverged in all directions. If the
names of the groups had been simply written down in a linear
series, tho representation would have been still less natural ; and it
is notoriously not possible to roprosent; in a series, on a flat surce,
the affnities which we discover in nature amongst, the beings of the
same group. Thus, the natural system is genealogical in its
arrangement, like a pedigreo : but the amount of modification Which
the different groups have undergone has to bo expressed by rauking
them under different so-called genera, sub-families, families, sectionss
orders, and classes.

Tt may be worth while to illustrate this view of classification, Y
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taking the case of languages. If we possessed a perfect pedigreo of
mankind, a genealogical arrangement of the races of man would
afford the best classification of the various languages now spoken
throughout the world ; and if all extinct languages, and all inter-
‘mediate and slowly changing dialects, were to be included, such an
arrangement would be the only possible one. Yet it might be that
somo ancient languages had altered very little and had given rise
to few new languages, whilst others had altered much owing to the
spreading, isolation, and state of civilisation of the several co-
descended races, and had thus given rise to many new dialects and
languages. 'The various degrees of differenco between the languages
of the same stock, would have to be expressed by groups subordinate
to groups; but the proper or even the only possible arrangement
would still be genealogical; and this would be strictly natural, as
it would connect together all languages, extinct and recent, 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 known or believed to be descended from a singlo
species. These are grouped under the species, with the sub-varicties
under the varieties; and in some cases, as with the domestic
pigeon, with several other grades of difference. Nearly the same
rules are followed as in classifying species. Authors have insisted
on the necessity of arranging varieties on a natural instead of an

i stem; we are cautioned, for instance, not to class two
varicties of the pine-apple together, merely because their fruit,

h the most important part, happens to be nearly identical ;
10 one puts the Swedish and common turnip together, though the
eseulent, and. thickened stems are so similar. Whatever part is
found to be most constant, is used in classing varicties: thus the
great agriculturist Marshall says the horns are very useful for this
purpose with cattle, because they aro less variable than the shape
o colour of the body, &e.; whereas with sheep the horns are much
less serviceable, because less constant. In classing varietics, I ap-
prehend that if we had a real pedigree, a genealogical classification
would be universally preferred ; and it has been attempted in some
cases.  For we might fecl sure, whether there had been moro or
less modification, that the principle of inheritance would keep the
forms together which were allied in the greatest number of points.
In tumbler pigeons, though some of the sub-varicties differ in the
important, character of the length of the 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,

252
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without any thought on the subject, theso tumblers are kept in
tits same group, because allied in blood and alike in some other

b specics in a state of nature, every naturalist has in. fact
brought descent into his classification; for he includes in his
Lowest grade, that of 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 bo prodicated in
common of the adult males and hermaphrodites of certain cirri-
podes, and yet 10 one dreams of separating them. . AS soon as the
three Orchidean forms, Monachanthus, Myanthus, and Catasetum,
which had previously been ranked as three distinct genera, were
known to be sometimes produced on the same plan, they were
immediately considered. as varietios; and now I have been able to
show that they are the male, fomale, and hermaphrodite forms
of the same species. The naturalist includes as one species the
Various larval stages of the same individual, however much they
may differ from each other and from the adult, as well as the so-
called alternate generations of Steenstrup, which can only in a
technical sense be considered as the same individual. He includes
‘monsters and varieties, not from their partial resemblance to the
‘parent-form, but because they are descended from it.

As descent has universally been used in classing together tho
individuals of the same species, though the males and females
and larves are sometimes extremely different ; and as it has been
used in classing varicties which have undergone a _certain, and
sometimes a considerable amount of modification, may mot this
same element of descent have been unconsciously used in grouping
species under genera, and genera under higher groups, all under
the so-called natural system ? 1 believe it bhas been unconsciously
used 5 and thus only can I understand the several rules and guides
which have been followed by our best systematists, As we bave
10 written pedigrees, we are forced to trace community of descent;
Ty resemblances of any kind. Therefore we choose those characters
which 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
anglo of the jaw, the mamner in which an insect's wing s folded,
whether the skin be covered by hair or feathers—if it provail
throughout many and different species, especially those having very'
different habits of life, it assumes high value; for we can accoust

Darwin Online: By permission of the Trustees of the Natural History Museurm
pRaius -



X, Analogical Resemblances. 373

for its presence in so many forms with such difforent habits, only
by iuberitance from a common parent. We may err in this respect
in regard to singlo points of structure, but when several characters,
Lot them be ever so trifling, concur 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 aggregated characters
‘have especial value in classification.

We can understand why a species or a group of species may
depart from its allies, i several of its most important characteristics,
and yet be safely classed with them. This may be safely done, and
i often done, as long as o sufficient, number of characters, let them
be ever o unimportant, betrays the hidden bond of community
of descent.  Let two forms have not a singlo character in com-
mon, yet, if these extreme forms are connected together by a chain.
of intermediate groups, we may at once infer their community of
desoent, 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 existence—are
generally the most constant, wo attach cspecial 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 presently sco why embryological cha~
nacters are of such high classificatory importance,  Geographical
distribution may sometimes be brought usefully into play in
classing large geners, because all the species of the sume genus,
inbabiting any distinct and isolated region, are in all probability
descended from the same parents.

Analogical Reserblances—Weo can understand, on the above
views, the very important distinction between real affinities
B i tive raebiunces’ Tauiarok it callal
attention to this subject, 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 dugongs and whales,
and between these two orders of mammals and fishes, are ana-
Iogical. 8o is the resemblance between & mouse and a shrew-motse
(Sorex), which belong to different orders; and the still closer
bl insad oy M. Mirat, bobween the monse and

i i a. These latter

Tesemblances may bo accounted for, as it seems to e, by adapta-

tion for similarly active movements through thickets and herbage,
together with concealment from enemies.

Amongst insects there are inmumerable similar instances; thus
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TLinnzeus, misled by external appearances, actually classed an
Tomopterous insect as a moth. We see something of the sume
Kind even with our domestic varicties, as in the strikingly similar
shape of the body in the improved breeds of the Chineso and
common pig, which are descended from distinct species; and in
the similarly thickened stems of the common and specifeally
distinct Swedish turnip. The resemblance between the greyhound
and the racehorse is hardly more fanciful than the amalogies
which have been drawn by some authors between widely different
animals.

On the view of characters being of real importance for classf-
cation, only in 5o far as they roveal descent, wo can clearly under-
stand why analogical or 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 distinct lines of
descent, may have become adapted to similar conditions, and. thus
have assumed a close external resemblance ; but such resemblances
will not, reveal—will rather tend to conceal their blood-relation-
ship. Wo can thus also understand the apparent parados, that
the very same characters are analogical when one group is com-
pared with another, bt give true afinitics when the members of
the same group are compared together: thus, the shape of the
body and fin-like limbs are only analogical when whales are com-
pared with fishes, being adaptations in both classes for swimming
through the water; but between the soveral members of the
whale family, the shape of the body and the fin-like limbs offer
characters exhibiting true affinity ; for as these parts aro £
nearly similar throughout the whole family, we cannot doubt
that they have been inherited from  common ancestor. S0t is
with fishes.

fumerous cases could be given of striking resemblances in quite
distinct eings between single parts or organs, which have been
adapted for the same functions. A good instance is afforded by
the close resemblance of the jaws of the dog and Tasmanian woll
or Thylacinus,—animals which are widely sundered in the natural
system. But this resemblance is confined to general appearance,

in the prominence of the canines, and in the cukting shape
of the molar teeth. For the teeth really differ much: thus the dog
has on each side of the upper jaw four pre-molars and only two
molars;; whilst the Thylacinus has three pre-molars and four molars:
The molars also differ much in the two animals in relative siz®
and structure. The adult dentition is preceded by a widely dif-
forent milk dentition, Any one may of course deny that the tee
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in cither case have been adapted for tearing flesh, through tho
natural sdlection of successive variations; but if this be admitted
in the one case, it is unintelligible to me that it should be denied
in the other. I am glad to find that so high an authority as
‘Professor Flower has come to this same conclusion.

The extraordinary cases given in a former chapter, of widely
Jdifferent fishes possessing electric organs,—of widely difforent
insects possessing Juminous organs,—and of orchids and asclepiads
having pollen-masses with viscid discs, come under this same head
of analogical resemblances. But these cases are so wonderful that
they were introduced as difficulties or objections to our theory.
Tn all such cases some fundamental difference in the growth or
development of the parts, and generally in their matured structure,
<can be detected. The end gained is the sume, but the means,
though appearing superficially to be the same, are essentially dif-
ferent. The principle formerly alluded to under the term of ana-
logical variation has probably in these cases often come into play
that is, the members of the same class, although only distantly
allied, have inherited 5o much in common in their constitution,
that hey are apt to vary under similar exciting causes in a similar
‘manner ; and this would obviously aid in the acquirement through
natural seloction of parts or organs, strikingly like each other, inde-
pendently of their direct inheritance from a comrmon progenitor.

As specios belonging to distinct classes have often been adapted
Ty successive slight modifications to live under nearly similar
circumstances,—to inhabit, for instance, the three clements of land,
air, and water,—we can perhaps understand how it is that a
numerical. parallelism has sometimes been observed between the
sub-groups of distinct classes. A naturalist, struck with a paral-
Ielism of this nature, by arbitrarily raising or sinking the value
of the groups in several classes (and all our experience shows that
their valuation is as yet arbitrary), could casily extend the paral-
Jelism over o wide range; and thus the septenary, quinaty, quater-
nary and temary classifications have probably arisen.

There is another and curious class of cases in which close external
Tesemblance does not depend on adaptation to similar habits of life,
but has been gained for the sake of protection. I allude to the
wonderful manner in which certain butterfies imitate, as first
described by Mr. Bates, other and quite distinct species. This
excellent observer has shown that in som districts of §. America,
‘where, for instance, an Tthomia abounds in gaudy swarms, another
Tutterfly, namely, a Leptalis, is often found mingled in the sume
flock; and the latter so closely resembles the Ithomia in every
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shade and stripe of colour and even in the shape of its wings, thay
Mr. Bates, with his eyes sharpened by collecting during clevey
cars, was, though always on his guard, continually deceived,
When the mockers and the mocked are caught and compared,
they are found to be very different in essential structure, and to.
Delong not only to distinct genera, but often to distinet families,
Had this mimicry occurred in only one or two instances, it might
have been passed over as a strango coincidence. But, if we proced
from a distriot where one Leptalis imitates an Ithomia, another mock-.
ing and mocked species belonging to the same two genera, equally
close in their resemblance, may be found.  Altogether no less than
ten gonera are enumerated, which include species that imitato
other butterflies. The mockers and mocked always inhabit the
samo region; we never find an imitator living remote from the
form which it imitates. 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 sometimes other Lepidoptera mimicking the
samo Tthomia: so that in the same place, species of three geners
of butterfes and even a moth are found all closely resembling
a butterfly belonging to a fourth genus. It 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
ties of the same species ; whilst others are undoubtedly distinet
species.  But why, it may be asked, are certain forms treated 2
the mimicked and others as the mimickers? Mr. Bates satis-
factorily answers this question, by showing that the form which
is imitated keeps the usual dress of the group to which it belongs,
whilst the counterfeiters have changed their dress and do nob
Tesemble their nearest allis.

We are next led to inquire what reason can be assigned for
certain butterlies and moths so often assuming the dress of another
and quite distinct form ; why, to the perplexity of naturalists, kas
mature condescended to the tricks of the stage? Mr. Bates has,
10 doubt, hit on the true explanation. The mocked forms, which
always abound in numbers, must habitually escape destruction £
a large extent, otherwise they could not exist in such swarms;
and a large amount of evidence has now been collected, showing
that they are distasteful to birds and other insect-devouring animals.
The mocking forms, on the other hand, that 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 butterflics, they would in three oF
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four generations swarm over the whole country. Now if a member
of one of these persecuted and are 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 pre-
daceous birds and insects, and thus often escape destruction. Mr.
Bates may almost be said to have actully witnessed the process
by which the mimickers have come so closely to resemble the
o i Rl G e (LT
‘mimic so many other butterlies, varied in an extreme degree.

one district soveral varicties occurred, and of these ono ek
resembled to o certain extent, the common Ithomia of the same
distriot. In another distriot there wero two or three varietics, ono
of which was much commoner than the others, and this closely
mocked another form of Ithomia. From fucts of this nature,
Mr. Bates concludes that the Leptalis first varies; and when a
variety happens to resemble in some degree any common butterfly
inhabiting the same district, this variety, from its resemblance to
a fourishing and littlo-persecuted kind, has a better chanco of
escaping destruction from predaceous birds and insects, and is
consequently oftener preserved ;— the less ces of re-
R e a0 i eliminated, and only
the others left to propagate th e

ind.” o that here we have an
excellent illustration of ]mmn\l selection.

Wallace and Trimen have likewise described several
equally striking cases of imitation in the Lepidoptera of the Malay
Archipelago and Africa, and with some other inscets. Mr. Wallace
has also dotected one such case with birds, but wo have none with
the larger quadrupeds. The much greater S
with insects than with other animals, is probably the consequence
of their small size; insects cannot defend A . excepting
indeed the kinds furnished with a sting, and I have never heard of
an instance of such kinds mocking other insects, though they are
mocked; insects cannot easily escape by flight from the larger
animals which prey on them ; henco they are reduced, like most
wealk creatures, to trickery and dissimulation.

Itshould be observed that the process of imitation probably never
commenced botween forms widely dissimilar in colour. But starting:
with species already somewhat like each other, the closest resem-
Dlance, if beneficial, could. readily be gained by the above means;
and if the imitated form was subsequently and_gradually modificd
through any agency, the imitating form would be led along tho

e track, and thus be sltered to almost any extent, so that it
might ultimately assume an appearance or colowring wholly unlike
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that of the other members of the family to which it belonu\ud
There i, however, some difficulty on this ead, for it is necessary

o suppose in some cases that ancient members belonging to several
Sy groups, before they had diverged to their present extent,
accidentally resembled a member of another and protected group
in a sufficient degree o afford some slight protection; this having
given the basis for the subsequent acquisition of the most perfoct
resemblance.

On the Nature of the Affnities connecting Organic Beings—As
the modified descendants of dominant species, belonging to tho
Targer genera, tend to inherit the advantages which made tho groups
40 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 fecbler groups. Thus we
can account for the fact that all organisms, recent and extinet, are
included under a few great orders, and under still fewer classes. As
showing how few the higher groups are in number, and how widely
they are spread 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, n] lwn from Dr. Hooker,
it has added only two or three fmilies of sms X

In the chapter on Geological Succession I attempted to show, on
the principle of each group having generally much in
character during the long-continued process of od:ﬁcauon, how it
is that the more ancient forms of life often present characters in
some degree intermediate between existing groups. As some few of
the old and intermediate forms have transmitted to the present day
descendants but little modified, these constitute our so-called
osculant or aberrant species. The more aberrant any form is, the
greater must be the number of connecting forms which have been
exterminated and utterly lost. And we have some evidence of

berrant groups having suffered severely from extinction, for they
are almost always represented by extremely fow species ; and such
species as do ocour are generally very distinct from each otber,
‘which again implies extinotion. ~The genera Ornithorhyncbus and
Lepidosiren, for esample, would not have been less aberrant bad
each been represented by a dozen species, instead of as at present
by a single one, or by two or three.  We can, I think, account for
this fact only by looking at aberrant groups as forms which have
cen conquered by more successful competitors, with a few members
still preserved under unusually favourable conditions.
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Mr. Waterhouse has remarked that, when a member belonging
to one group of animals exhibits an afinity to a quite distinct
‘group, this affinity in most cases is general and not special ; thus,

ing to Mr. Waterhouse, of all Rodents, the bizeacha is most
pearly related to Marsupials; but in the points in which it ap-
proaches this order, s relations are general, that is, not to any one
‘marsupial species more than to another. As these points of affinity
are believed to be real and not merely adaptive, they must be due
in accordance with our view to inheritance from a common progeni-
for. Therefore we must suppose either that all Rodents, including
the bizeacha, branched off from some ancient Marsupial, which will
naturally have been more or less intermediate in character with
respect to all existing Marsupials ; or that both Rodents and Marsu-
pials branched off from a common progenitor, and that both groups
have since undergone much modification in divergent directions.
On cither view we must suppose that the bizcacha has retained,
Ty inheritance, more of the characters of its ancient progenitor than
have other Rodents ; and therefore it will not be specially related
to any one existing Marsupial, but indirectly to all or nearly all
Marsupials, from baving partially retained the character of their
common progenitor, or of some early member of the group. On the
other hand, of all Marsupials, as Mr. Waterhouse has remarked, the
‘Phascolomys rosembles most nearly, not any one species, but the
general order of Rodents. In this case, however, it may be strongly
suspected 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 neatly similar observations
‘on the general nature of the affnities of distinct famili

On the principle of the multiplication and gradual divergence in
character of the species descended from a common progenitor,
together with their retention by inheritance of some characters in.
‘common, we can understand tho excessively complex and radiating
affinitics by which all the members of the same family or higher
group are connected together. For the common progenitor of a
‘whole family, now broken up by extifiction into distinct groups and
sub-groups, will have transmitted some of its characters, modified
in various ways and degrees, to all the species ; and they will con-
sequently be related to each other by circuitous lines of affinity of
various lengths (as may be seen in the diagram so often referred o),
Tounting up through many predecessors. As it is dificult to show
the blood-relationship between the numerous kindred of any ancient
and noble family even by the aid of a gencalogical tree, and almost
impossible to do so without this aid, we can understand the extra-
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ordinary difficulty which naturalists have experienced. in describing,
without the aid of a diagram, the various affnities which they
perceive between the many living and extinet members of the sme
great natural class,

Extinction, as we have seen in the fourth chapter, has played an
important part in defining and widening the intervals between th
several groups in cach class. We may thus account for the distinct-
ness of whole classes from each other—for instance, of birds from
all other vertcbrate animals—by the belief that many ancient forms
of life have been utterly lost, through which the early progenitors
of birds were formerly connected with the early progenitors of
the other and at that time less differentiated vertebrate classes.
There has been much less extinction of the forms of life which ones
connected fishes with batrachians. There has been still less within
some whole classes, for instance the Crustaces, for here the most
wonderfully diverse forms are still linked together by a long and
only partially broken chain of affinities. Extinction has only
defined the groups : it bas 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 impossible to give definitions by which
each group could be distinguished, still a natural classification, or ot
least a natural arrangement, would be possible. We shall see this
Dy turning to the diagram the letters, A to L, may represent
eleven Silurian genera, some of which have produced large groups of
modified descendants, with every liok in cach branch and sube
branch still alive; and the links not yreater than those between
existing varieties. In this caso it would be quite impossiblo to give
definitions by which the several members of the several groups
could be distinguished from their more immediate parents and
descendants. et the arrangement in the diagram would still hold
good and would be natural; for, on the principle of inberitance, all
the forms descended, for instance, from A, would have something
in common. In a tree we can distinguish this or that branch,
thoush at the actual fork the two unite and blend together. We
could not, as I have said, define the several groups; but we could
pick out types, or forms, representing most of the characters
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 one class which have lived throughout all timo and spice
Assuredly we shall never succeed in making so perfect a collec-
tion : nevertheless, in certain classes, we are tending towards this
end; and Milne Edwards bas lately insisted, in an able paper, 0%
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the high importance of looking to types, whether or not we can
separato and define the groups to which such types belong.

"Finally, we have seen that natural selection, which follows from
{he strugelo for existence, and which almost inevitably leads to
extinction and divergence of character in the descendants from any
ot parent-species, explains that great and universal feature in
the affinities of all organic beings, namely, their subordination
in group under gronp. We uso the element of descent in
classing the individuals of both sexes and of all ages under one
specics, although they may have but few characters in common s
e use descent in classing acknowledged varieties, however different
they may be from their parents; and I believe that this element of
descent is the hidden bond of connexion which naturalists have
sought under the term of the Natural
natural system being, in so far as it has been perfected, genealogical
in its arrangement, with the grades of difference expressed by the
torms genera, families, orders, &c,, we can understand the rules
which we are compelled to follow in our classification. We can
understand why we value certain resemblances far more than
others ; why we use rudimentary and useless organs, or others of
trifing physiological importance; why, in finding the relations
batween one group and another, we summarily reject analogical or
adaptive characters, 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 within a few great
classes ; 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 tho
affnities between the members of any one class ; but when we have
4 distinct bject in view, and do not look to some unknown plan of
creation, wo may hope to make sure but slow progress.

Professor Hickel in his * Generelle Morphologie and in other
‘works, has recently brought his great knowledge and abilities to bear
on what he calls phylogeny, or the lines of descent of all organic
beings, In drawing up the several series he trusts chiefly to
embryological characters, but receives aid from homologous and.
rudimentary organs, as well as from the successive periods at which
the various forms of life aro believed to have first appeared in our
geological formations. He has thus boldly made a great beginning,
and shows us how elassification will in the future be treated.
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Morphology.

‘We liave 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 s often expressed by the
term “unity of typo; ”or by saying that the soveral parts and organg
in the different species of the class are homologous. The wholg
subject is included under the general term of Morphology. This iy
ono of the most interesting departments of natural history, andmay
almost 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 bones, in the same relative positions? How
curious it is, to give a subordinate though striking instance, that
the hind-feet of the kangaroo, which are so well fitted for bounding
over the open plains,—those of the climbing, leaf-eating koala,
equally well fitted for grasping the branches of troes,—those of the
ground-dwelling, insect or root eating, bandicoots,—and those of
some other Australian marsupials,—should all be constructed on the
same extraordinary type, namely with the bones of the second and
third digits extremely slender and enveloped within the same skin,
50 that they appear like a single toe furnished with two claws.
Notwithstanding this similarity of pattern, it is obvious that tho
hind feet of theso several animals are used for as widely different
purposes as it is possible to conceive. The caso s rendered all the
more striking by the American opossums, which follow pearly
the same habits of life as some of their Australian relatives, having
feet, constructed on the ordinary plan. Professor Flower, from
whom these statements are taken, remarks in conclusion: “We
may call this conformity to type, without getting much nearer o
an explanation of the phenomenon;” and ho then adds “butisit
not powerfully suggestive of true relationship, of inheritance from &
‘common ancestor ?”

Geoffroy St. Hilaire has strongly insisted on the high importance
of rdlative position or connexion in homologous parts ; they may
differ to almost any extent in form and size, and yet remain con-
nected together in the same invariable order. We never find, for
instance, the bones of the arm and fore-arm, or of the thigh and
leg, transposed. Hence the sume names can be given to the homo-
logous bones in widely different animals. We see the same great
law in the construction of the mouths of insects : what can be more.
different than the immensely long spiral proboscis of a sphinx-moth,
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the curious folded one of a bee or bug, and the great jaws of
Deetlo?—yet all these organs, serving for such widely different
purposes, are formed by infinitely mumerous modifications of an
upper lip, mandibles, and two pairs of maxille. The sumo law

verns the construction of the mouths and limbs of crustaceans.
Soit is with the flowers of plants.

Nothing can be more hopeless than to attempt to explain this
similaity of pattern in members of the same class, by utility or
by the doctrine of final causes. The hopelessness of the attempt
has been expressly admitted 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 it is;—
that it has pleased the Creator to construct all the animals and
plants in cach great class on o uniform plan; but this is not a
scientific explanation.

Tho explanation is to a large extent simple on the theory of the
selection of successive slight modifications,—each modification being
profitable in some way to the modified form, but often affecting by
correlation other parts of the organisation. In changes of this
uature, there will bo little or no tendency to alter the original
pattern, or to transposo the parts. The bones of a limh might bo
shortened and flattened. to any extent, becoming at the same time
enveloped in thick membrane, 50 a5 to serve as & fin; or a webbed
hand might have all its bones, or certain bones, lengthened to any
extent, with the membrane connecting them incrcased, so as to
serve as a wing 5 yet all these modifications would not tend to alter
the framework of the bones or the relative connexion of the parts.
1f we suppose that an early progenitor—the archetype as it may
o called—of all mammals, birds, and reptiles, bad its limbs con-
structed on the existing general pattern, for whatever purpose they
served, we can at once perceive the plain signification of the homo-
logous construction of the limbs throughout the class. 8o with
the mouths of inscets, wo have only to suppose that their common
‘progenitor had an upper lip, mandibles, and two pairs of maxille,
these parts being perhaps very simple in form; and then natural
selection will account for the infinite diversity in the structure and.
functions of the mouths of insects. Nevertheless, it is conceivablo

abscured. as to be finally lost, by the reduction and ultimately by
the complete abortion of certain parts, by the fusion of other parts,
and by tho doubling or multiplication of others,—variations which.
we know to be within the limits of possibility. In the paddles of
the gigantic extinct sea-lizards, and in the mouths of certain
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suctorial crustaceans, the general patt
ey e B

There is another and equally curious branch of our subje
namely, serial homologies, or the comparison of the different party
or organs in the same individual, and ot of the same parts or
organs in different members of the same class. Most physiolo-
gists believe that the bones of the skull are homologous—that
is, correspond in number and in relative connexion—with tho
clemental parts of a certain number of vertebre. The anterior
and posterior limbs in. all the higher vertebrate classes are plainly
homologous. o 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. _In monstrous plants, wo often get direct evidence of the
possibility of one organ being transformed.into another; and we
can actually see, during the early or embryonic stages of develoj
‘ment in flowers, as well as in crustaceans and many other animals,
that organs, which when mature become extremely different are at
first exactly alike.

How inexplicable aro the cases of serial homologies an the
ordinary view of creation! Why should the brain be enclosed
in a box composed of such numerous and such extraordinarily
shaped pieces of bone, apparently representing vertebr? As
Owen has remarked, the benefit derived from the yielding of the
separate picces in the act of parturition by mammals, will by no
means explain the same construction in the skulls of birds and
reptiles. Why should similar bones have been created to form
the wing and the leg of o bat, used as they are for such totally
different purposes, namely flying and walking? Why should one
crustacean, which has an extremely complex mouth formed of
many parts, consequently always have fewer legs; or conversely,
those with many legs have simpler ‘mouths? Why should the
sepals, petals, stamens, and pistils, in each flowor, though ftted
for such distinct purposes, be all constructed on the same pattern?

On the theory of natural selection, we can, to a certain extent,
answer these questions. We need not here consider how the bodies
of some animals first became divided into a series of segments,
or how they became divided into right and left sides, with corre-
sponding organs, for such questions are almost beyond investiga-
tion, 1t is, however, probable that some serial structures are
the result of cells multiplying by division, entailing the multi-
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plcation of the parts developed from such cells. Tt must suffice for
our purpose to bear in mind that an indefinite repetition of the

same part or organ is the common characteristic, as Owen has
remarked, of all low or little specialised forms; therefore tho
unknown progenitor of the Vertebrata. probably possessed many
vertebre; the unknown progenitor of the Articulata, many seg-
ments; and the unknown progenitor of flowering plants, many
leaves arranged in one or more spires. We have also formerly
seen that parts many times repeated aro eminently linble to vary,
uot only in mumber, but in form. Consequently such parts,
‘eing already present in considerable numbers, and being highly
variable, would naturally afford the materials for adaptation to the
most different purposes ; yet they would generally retain, through
the force of inheritance, plain traces of their original or fundamental
resemblance. They would retain. this resemblance all the more,
as the variations, which afforded the basis for their subsequent
modification through natural selection, would tend from the first
10 be similar; the parts being at an early stage of growth alike,
and being subjected to nearly the same conditions. Such parts,
‘whether more or less modified, unless their common origin became
wholly obscured, would be serially homologous.

n the great class of molluscs, though the parts in distinct
species can’ be shown to be homologous, only a few serial homo-
logies, such as the valves of Chitons, can be indicated; that is,
we are seldom enabled to say that one part is homologous with
another part in the sane individual. And we can understand this
fact; for in molluscs, even in the lowest members of the class, wo
do not, find nearly so much indefinite repetition of any one part
as we find in the other great classes of the animal and vegetablo
kingdoms.

But morphology is a much more complex subject than it at first
appears, as has lately been well shown in a remarkable paper by
Mr. E. Ray Lankester, who has drawn an important distinction
Detween certain classes of cases which have all been equally ranked
by naturalists as homologous. He proposes to call the structures.
which resemble cach other in distinet animals, owing to their
st from, & common prozentor with subsequent modifcatin,

lomogenous; and the resemblances which eannot thus be sooonted
for, he proposes to call Aomopz.mm, For instance, he beli
the hearts of birds and mammals are as a whole huuuywnuus,
that i, have been derived from a common progenitor; but that
8 o caviio of the hat i tho two clases ro homoplastio,—
#, hate boen indopendently developel.. Mr. Lankoster also
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adduces the close resemblance of the patts on the tight and Iy
sides of tho body, and in the successive segments of the same ind.
vidual animal ; and here we have parts commonly called homos
Tozous, which bear no relation to the descent of distinct, specicn
from a common progenitor. Homoplastio structures are the s
with those which I have classed, thonsh in Y imperfect
manner, as analogous modifications o resemblances. Their forma.
tion may be attributed in part to distinot organisms, or to distiucs
parts of the same organism, having varied in an analozous manne
and in part to similar modifications, baving been preserved for
;he same general purpose or function,—of which many instances
have X

Naturalists frequently speak of the skull as formed of metamor-
phosed ver he jaws of crabs as metamorphosed legs; the
stamens and pistils in flowers as metamorphosed leaves; but it
would in most cases be more correct, as Professor Husley has

marked, to speak of both skull and vertebrm, jaws and legs, &e,
ving been metamorphosed, not one from tho other, as they
now exist, but from some common and simpler element. Most
naturalists, however, 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—vertebr in the one cso
and logs in the other—have actually been converted into skulls or
jaws. Yet so strong is the appearance of this having occurrel,
that naturalists can hardly avoid employing language having this
plain signification. According to the views here maintained, such
language 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
ad really been metamorphosed from true though extremely simple
legs, is in part explained.

Development and Embryology.

This is one of the most important subjects in the wholo round of
natural history, The metamorphoses of insects, with which every.
is familiar, are generally effected abruptly by a fow stages;

ut the transformations are in_reality numerous and gradusl,
though concealed. A certain ephemerous insect (Chideon) during
its development, moults, as shown by Sir J. Lubback, ahore
twenty times, and each time undergoes  certain_amount 0
change; and in this case we sce the act of metamorphosis Jer
formed in a primary and gradusl manner. Many insects, au
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especially certain crustaceans, show us what wonderful changes
of structure can be effected during development. Such changes;
however, reach their climax in the so-called alternate generations
of some of the lower animals. It is, for instance, an astonishing
fact that a delicate branching coralline, studded with polypi and
attached to & submarine rock, should produce, first by budding and
then by trasverse division, & host of huge floating jelly-fish
and that these should produce eggs, from which are hatched
swimming animalcules, which attach themselves to rocks and
become developed into branching corallines; and so on in an
endless cycle. The belief in the essential identity of the process
of alternate generation and of ordinary metamorphosis has been
greatly strengthened by Wagner's discovery of the larva or magzot
of a fly, namely the Cecidomyia, producing asexually other larvie,
and these others, which finally are developed into mature males and
females, propagating their kind in the ordinary manner by eggs.

It may be worth notice that when Wagner's remarkable discovery
was first announced, I was asked how was it possible to account
for the larva of this fly having acquired the power of asexual
reproduction.  As long as the case remained unique no answer
could be given. But already Grimm has shown that another fly,
a Chironomus, reproduces itself in nearly the sime manner, and he
believes that this occurs frequently in the Order. It is the pupa,
and not the larva, of the Chironvmus which has this power; and
Grimm further shows that this case, to & in extent, “ unites
thiat of the Cecidomyia with the parthenogenesis of the Coccid"—
the term parthenogenesis implying that the mature females of the,
Coccidm are capable of producing fertile eggs without the con-
course of the male. Certain animals belonging to several classes
are now known to have the power of ordinary reproduction at an.
umusually early age; and we have only to accelerate partheno-
genctic reproduction by gradual steps to an earlier and carlier age,
—Chironomus showing us an almost exactly intermediato staze,
Viz, that of the pupa—and we can perhaps account for the mar-
vellous case of the Cecidomyia.

To hus already been stated that various parts in the sume indi-
vidual which are exactly alike during an early embryonic period,
become widely different and serve for widely different purposes
the adult state. So again it has been shown that generally the
embryos of the most distinct species belonging to the same class
are closely similar, but become, when fully developed, widely dis-
similar, A better proof of this latter fact cannot be given‘thun
the stafement by Von Ber that  tho embryos of muuimali, of

o
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“birds, lizards, and snakes, probably also of chelonia, are in their
< carliest states exceedingly like one another, both as  whole and
“in the mode of development of their parts; so much so, in fact,
“that we can often distinguish the embryos only by their siz
“In my possession are two little embryos in spirit, whose names
“1 have omitted to attach, and at present I am quite unable to say
“to what class they belong. They may be lizands or small birds,
“or very young mammalia, so complete is the similarity in tho

| “mode of formation of the head and trunk se animals, The

| “extromities, 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 man

“mals, the wings and feet of birds, no less than the hands and fect

“of man, all arise from the sime fundamental form.” The larve

| of most crustaceans, at corresponding stages of development, closely
resemble each other, however different the adults may becomes
and so it is with very many other animals, A trace of the law
of embryonio resemblance occasionally lasts till a rather late aze:
thus birds of the sume genus, and of allied gevera, often Tesemble
each other in their immature plumage; as we see in the spotted.
feathers in the young of the thrush group. In the cat tribe, most
of the species when adult are striped or spotted in lines; and
stripes o spots can be plainly distinguished in the whelp of the
lion and the puma. We occasionally though rarely see something
of the same kind in plants; thus the first leaves of the ulex or
furze, and the first leaves of the phyllodineous acacias, are pinnate
or divided like the ordinary leaves of the leguminose.

The points of structure, in which the embryos of widely different
animals within the sume class resemblo each other, often have no
direct relation to their conditions of existence. We cannot, for
instance, suppose that in the embryos of the vertebrata the peculiar

Toop-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 bave 1o
more reason to believe in such a relation, than we have to believe

that the similar bones in the hand of # man, wing of a bat, and fin

of a porpoise, are related to similar conditions of life. 'No one
supposes that the siripes on the whelp of a lion, or the spots on
the young blackbird, are of any use to these animals,

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
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it comes on, the adaptation of the larva to its conditions of life is
just s periect and as beautiful as in the adult animal. Tn how
important a wanner this has acted, has recently been well shown
by Sir J. Lubbock in his remarks on the close similarity of the
larvae of some insects belonging to very different orders, and on
the dissimilarity of the larvee of other insects within the same
onler, according to their habits of life. Owing to such adaptations,
the similarity of the larva of allicd animals is sometimes greatly
olscured ; especially when there is a division of labour during the
different stages of development, as when the same larva has during
one siage to search for food, and during another stage has to search
for a place of attachment, Cases can even be given of the larvas of
alled species, or groups of species, differing more from each other
than do the adults. Tn most cases, however, the larvae, though
active, sill abey, more or less closely, the law of common embryonic
resemblance. ~ Cirripedes afford a good instance of this; even tho
illustrious Cuvier did not perceive that a barnacle was a crustacean :
but a glance at the larva shows this in an unmistakable manner,
S0 again the two main divisions of cirripedes, the pedunculated and
sessile, though differing widely in external appearance, have larva
nguishable.
The embryo in the course of development generally rises in
organisation ; I use this expression, though T am aware that it is
b

being higher or lower. But no one probably will dispute that, tho
butterfly is higher than the caterpillar. In some cases, however,
the mature animal must be considered as lower in the scale than
the larva, as with certain parasitic crustaceans. To refer once
again to cirripedes: the larvee in the first stage have three pairs of
Tocomotive organs, a simple single eye, and a probosciformed mouth,
RIBSWIe they fvo Atgely, o thy inceaso muc o sse. To
the second staze, answering to yealis stage of butterl
they have six pairs of beautifully cnwstn\clul natatory legs, a ]mr
of T ] and extremely complex antenn;
.y have a closed and imperfect mouth, and cannot feed :
Wb hisionst 0 stago s o earh out by thei wall-devloped
organs of sense, and to reach by their active powers of swimmi
4 proper place on which to become attached and to undergo e
final metamorphosis. When this is completed they are fixed for
lifo: their legs are now converted into prehensile organs; they
again obtain a well-constructed mouth ; but they have no antennie,
and their two eyes are now reconverted into a minute, single,
simple eyc-spot, In this last and complete state, cirripedes may

Darwin Online: By permission of the Trustees of the Natural History Museum
- petarmnty



390 Development and Embryology.  Cuar. XIv,

o considered as cither more highly or more lowly organised than
they were in the larval condition. But in some genera the larva
‘ecome developed into hermaphrodites having the ordinary struc-
ture, and into what 1 have called complemental males ; and. in the
Jtter the development has assuredly been rotrograds, for the mals
is a mere sack, which lives for a short time and is destitute of
mouth, stomach, and every other organ of importance, excepting
those for reproductior

We are so much acoustomed to see a difference in structure be-
twoen the embryo and the adult, that we are tempted to look at
this difference as in some neoessary manner contingent on growth,
But there is no reason why, for instance, the wing of a bat, or the
fin of a porpoise, should not have been sketched out with all their
parts in proper proportion, as soon as any part became visible. In
some wholo groups of animals and in certain members of oher
groups this is the case, and the embryo does not at any period differ
widely from the adult: thus Owen has remarked.in regard to euttle-
fish, “there is no metamorphosis ; the cephalopodio chameter is
‘manifested long before the parts of the embryo are completed.
Tand-shells and fresh-water crustaceans are born having their proper
forms, whilst the marine members of the same two great classes pass
through considerable and often great changes during their develop-
ment. Spiders, again, barely undergo any metamorphosis. The
Tarvas of most insects pass through a worm-like stage, whether they
aro active and adapted to diversified habits, or are inactive from
being placed in the midst of proper nutriment or from being fed by
their parents; but in some few cases, as in that of Aphis, if we look
to the admirable drawings of the development of this insect, by
Professor Huxley, we see hardly any trace of the vermiform stage.

Sometimes it is only the earlier developmental stages which fiil.
Thus Fritz Miller bas made the remarkable discovery that certain
shrimpr-like crustaceans (allied to Penceus) first appear under the
simple nauplius-form, and after passing through two or more zoea-
stages, and then through the mysis-stage, finally acquire their
mature structure: now in the whole great malacostracan order, to
which these crustaceans belong, no other member is as yet known
to be first developed under the nauplius-form, though many appear
as zoeas; nevertheless Miller assigns reasons for bis belief, that if
there had been 1o suppression of development, all these crustaceans
would have appeared as nauplii.

How, then, can we explain. these several facts in embryology,—
namely, the very general, though not universal, difference in strue-
ture between the embryo and the adult j—the various parts in the

Darwin Online: By permission of the Trustees of the Natural History Museum
(London).



w——

ewe XIV.  Development and Embryology. 301

same individual embryo, which ultimately become very unlike and
serve for diverse purposes, being at an early period of growth alikes
—the common, but tot invariable, resemblance between the em-
bryos or larve of the most distinct species in the sume class ;
the embryo often retaining whilst within the egg or womb,
tures which are of no service to it, either at that or at a later
period of life; on the other hand' larvie, which have to provide for
their own wants, being perfectly adapted to the surrounding condi-
tionss—and Instly the fact of certain larva standing higher in the
seale of orzanisation than the mature animal into which they are de-
veloed? I believe that all these facts can be explained, as follows.

Tt is commonly assumed, perhaps from monstrosities affecting the
embryo at a very early period, that slight variations or individual
differences necessarily appear at an equally early period. We have
Jittlo evidence on this head, but what we have certainly points the
other way 3 for it is notorious that, breeders of cattle, borses, and
various fancy animals, cannot. positively tell, until some time after
Yirth, what will be the merits or demerits of their young animals.
We see this plainly in our own children; we cannot tell whether a
child will be tall or short, or what its precise features will be. The
question is not, at what period of life each variation may have been
caused, but at what period the effects are displayed. The cause
may have acted, and 1 believe often bas acted, on one or both
Jarents before the act of generation. It deserves notice that it is
of o importance to a very young animal, as long as it remains in
its mother's womb or in the ezg, o as long as it is nourished and
Drotected by its parent, whether most of its characters are acquired
a little earlier or later in life. 1t would not signify, for instance,
10 a bird which obtained its food by having a much-curved beak
whether or not whilst young it possessed a beak of this shape, as
long as it was fed by its parents.

1 have stated in the first chapter, that at whatever age a variation
first appears in the parent, it tends to re-appear at a corresponding
age in the offspring, can only appear at corres-
Jonding ages ; for instance, peculiarities in the_eaterpillar, cocoon,
or imago states of the silk-moth : or, again, in the full-grown horns
of cattle. But vaiations, which, for all that we can seo might
Tave first appeared either earlior or later in life likewise tend to re-
appear at a corresponding age in the offspring and parent. T am
far from meaning that this is invariably the case, and T 0(7(\\.11 give
several exceptional cases of variations (taking the word in the
Jargest sense) which have supervencd at an earlier age in the child
than in the parent.
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These two principles, namely, that slight varintions generally
appear at a not very carly period of lfe, and are inherited at a cor-
responding not early period, explain, as 1 believe, all the above
specified leading facts in embryolozy.  But first let us look to a few
analogous cases in our domestic varietios. Some authors who have
written on Dogs, maintain that the greyhound and bulldog, though
so different, are really closely allied varieties, descended. from the
same wild stock ; hence I was curious to see how far their puppies
differed from each other: T was told by breeders that they differod
Just as miich as their parents, and this, judging by the eye, seemed
almost to be the case; but on actually measuring the old dogs
and their six-days-old puppies, 1 found that the puppies had not
S e
again, T was told that the foals of cart and race-horses—bre
which have been almost wholly formed by selection under At
cation—differed as much as the full-grown animals; but having had
careful measurements made of the dams and of threc-days-old
colts of race and heavy cart-horses, I find that this is by no means
the case.

have conclusive evidence that the breeds of the Pigeon
are descended from a single wild species, I comy the young
within twelve hours after being hatched ; T carefully measured the
‘proportions (but will not here give the details) of the beak, width
of mouth, length of nostril and of eyelid, size of feet and lenath of
leg, in the wild parent-species, in pouters, fantails, runts, barbs,
dragons, carriers, and pumiters Now! s of s Bids, Whe
‘mature, differ in so extraordinary a manner in the length and form
a0ibeak; aul 1 orhor hatactoe e would BRI v
oen ranked as distinct genera if found in a state of nature. But
when the nestling birds of these several breeds were placed in a row,
though most of them could just be distinguished, the proportional
differences in the above specified points were mcompam\»ly Tess than.
in the full-grown birds. Some characteristic points of difference—
for instance, that of the wideh of mouth—soui] handly be detécted
in the young. But there was one remarkable exception to this rule,
for the young of the short-faced tumbler differed from the younz of
the wild rock-pigeon and of the other breeds, in almost exactly the
same proportions as in the adult state.

These facts are explained by the above two principles. Fanciers
select their dogs, horses, pigeons, &c., for breeding, when nearly
grown up: they are indiflerent, whether the desired G
acquired earlier o later in life, if the full-grown animal pos
them,  And tho casos Just given, moro especlally that.of the
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pigeons, show that the characteristic differences which bave been
accumulated by man’s selection, and which give value to his breeds,
do not generally appear at a very early period of life, and are inhe-
rited at a corresponding not early period. But the case of the short-
faced tumbler, which when twelve hours old possessed its proper
characters, proves that this is not the universal rule; for here the
charucteristio differences must either have appeared at an carlier
period than usual, or, if not so, the differences must have been in-
herited, not at a corresponding, but at an earlier age.

Now let us apply these two principles to species in a state of
nature, Let us take a group of birds, descended from some ancient
form and modified. through natural selection for different habits.
Then, from the many slight successive variations having supervened
in the several species at a not early age, and having been inherited
at a corresponding age, the young will have been but little modi-
fied, and they will still resemble each other much more closely
than do the adults,—just as we have scen with the reeds of the
pigeon,  We may extend this view to widely distinct structures and
10 whole classes. The fore-liwbs, for instance, which once served
2 logs to a remote progenitor, may have become, through a long
course of modification, adapted in one descendant to act as hands,
in another as paddles, in another as wings; but on the above
two principles the fore-limbs will not have been much modified
in the embryos of these several forms; although in each form.
the fore-limb will differ greatly in the adult state. Whatever
influence long-continued use or disuse may have
the limbs or other parts of any species, th
have affected it when nearly mature, when it was compelled to
use its full powers to gain its own living; and the effects thus
produced will have been transmitted to the offspring at a c
responding nearly mature age. Thus the young will not be modi-
ied, or will be modified only in a slight degree, through the effects
of the increased use or disuse of parts.

With some animals the successive variations may have supervened
at @ very carly period of life, or the steps may have been inherited
at an carlier age than that at which they first ocourred. In cither
of theso cases, the young or embryo will closely resemblo the
mature parent-form, as we have seen with the shori-faced tumbler.
And this is the rule of development in certain whole groups, or
in cortain sub-groups alone, as with cuttle-fish, land-shells, fresh-
‘water crustaceans, spiders, and some members of the great elass of
insects. With respeot to the final cause of the young in such
groups not, passing through any metamorphosis, we can sce that this
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would follow from the following contingences; namely, from the
young having to provide at a very early age for their own wants,
and from their following the same habits of life with their parents ;
for in this case, it would be indispensable for their existence that
they should be modified in the sume manner as their parents,
Again, with respect to the singular fact that many terrestrial and
freshewater animals do not undergo any metamorphosis, whilst
warine members of the same groups pass through various transfor-
mations, Fritz Miller has suggested that the process of slowly
ity sk e the land or in fresh
istead of in the sea, would be greatly simplified by its not
Dusing thronsh sny eetl Back Jo byl LT T I
well adapted for both the larval and mature stages, under such new
and greatly changed habits of life, would commonly be found un-
oceupied or ill-occupied by other organisms. In this
gradual acquirement at an earlior and earlier age of the aduls
structure would be favoured by natural selection ; and all traces of
former metamorphoses would finally be lost.

11, on the other hand, it profited the young of an animal to follow
habits of life slightly different, from those of the parent-form, and
consequently to be constructed on a slightly different plan, or if
it profited a larva already different from its parent to change still
further, then, on the principle of inheritance at corresponding ages,
the young o the larvae might be rendered by natural ulcruon more.
and more different from their parents to any conceivable extent.
Differences in the larva mizht, also, become correlated with succes-
sive stages of its development; so that the larva, in the first stage,
might come to differ greatly from the larva in the second stage, a5
is the case with many animals. The adult might also become fitted
{or sites or habits, in which organs of locomotion or of the senses,
&e., would be uscless ; und in this case the metamorphosis would be
retrograde.

From the remarks just made we can see how by changes of struc-
ture in the young, in conformity with changed habits of life, to-
gether with inheritance at corresponding ages, animals might come
to pass through stages of development, perfectly distinct from the

i .,1 condition of their adult progenitors. Most of our best

re now convinced that the various larval and pupal
Siige ol S adaptation, aud
not. through inheritance from some ancient form. The curions case
of Sitaris—a beetle which throngh certain unusual stages of
development—will illustrate how this might ocour. The first larval
form is described by M. Fabre, 1s an active, minute insect, furnished
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with six legs, two long antenne, and four eyes. These larv ate
hatched in the nests of bees; and when the male-bees emerge from
their burrows, in the spring, which_they do before the females, the
Jarvee spring on them, and afterwards crawl on to the feniales whilst
paired with the males. As soon as the female bee deposits her
egas on the surface of the honey stored in the cells, the larvae of
the Sitaris leap on the eggs and devour them. Afterwards they
mndergo a complete change ; their eyes disappear; their legs and
antennie become rudimentary, and they feed on honey; so that they
now more closely resemble the ordinary larvan of insects ; ultimately
they undergo a further transformation, and finally emerge as the
Jerfect betle, Now, if an inseet, undergoing transformations like
those of the Sitaris, were to become the progenitor of a whole new
class of insects, the course of development of the new class would
be widely difforent from that of our existing insects ; and the first
Jarval stage certainly would not represent the former condition of
any adult and ancient form.

On the other hand it is highly probable that with many animals
the embryonic or larval stages show us, more or less completely, the
condition of the progenitor of the whole group in its adult state.
1n the reat class of the Crustacea, forms wonderfully distinct from.
each other, namely, suctorial parasites, cirripedes, entomostraca, and.
even the malacostraca, appear at first as larva under the nauplius-
form; and as these larvao live and feed in_ the open sea, and ate not
adapted for any peculiar habits of life, and from other reasons
assigned by Fritz Miiller, it is probable that at some very remoto
period an_ independent adult animal, resembling the Nauplius,
existed, and subsequently produced, along several divergent lines of
descent, the above-named great Crustacean groups. So again it is
Drobable, from what we know of the embryos of mammals, birds,
fishes, and reptiles, that these animals are the modified descendants
of some ancient prosenitor, which was fumished in its adult state
with branchis, a swim-bladder, four fin-like limbs, and a long tail,
all fitted for an aquatic life.

As all the organic beings, extinot and recent, which have ever
Jived, can be arranged within a few great classes ; and as all within
each ‘olass have, according to our theory, been connected together
by fine gradations, the best, and, if our collections were near ly per-
fect, the only possible arrangement, would be gencalugical ; descent
being the hidden bond of connesion which naturalists bave been
secking under the term of the Natural System. On this view we
can understand how it is that, in the eyes of most naturalists, tho
structure of the embryo is even more important for classification
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than that of the adult. Tn two or more groups of animals, however
much they may differ from each other in structure and habits in
their adult condition, if they pass through closely similar embryonic
stages, we may feel assured that they all are descended from ono
parent-form, and are therefore closely related. Thus, community
in_embryonio structure reveals community of descent; but dissi-
milarity in embryonic development does not prove discommunity of
descent, for in one of two groups the developmental stages may
have been suppressed, or may have been so greatly modified through
adaptation to new habits of life, as to be no longer recomisable.
Even in groups, in which the adults have been modified to an ex-
treme degree, community of origin is often revealed by the structure
of the larvar; we bave seen, for instance, that cirripedes, though
externally so like shell-fish, are at once known by their larva to
belong to the great class of crustaceans. As the embryo often
shows us more or less plainly the stracture of the less modified and
ancient progenitor of he group, wo cun see why ancieat and. exince
forms so often resemble in their adult stato the embryos of existing
Siclas of s oA gt helives (16103 RSVl
law of nature; and we may hope hereafter to see the law proved true.
It can, however, be proved true only in those cases in which the
ancient state of the progenitor of the group has not been wholly
obliterated, either by successive variations having supervened at a
very carly period of growth, or by such variations having been inhe-
rited at an earlier age than that at which they first appeared. It
should also be borne in mind, that the law may be true, but yet,
oving to the gelogial mcenl not extending far enough back in

time, may remain for a long period, or for ever, incapable of demon-
stration. The law will nut strictly hold good in those cases in
which an ancient form became adapted in its larval state to some
special line of life, and transmitted the same larval state to a whole
group of descendants ; for s v il Tt s
more ancient form in its adult

Thus, ae it oo to me, s | mamg fucts in embryclogy, which
are second o none in importance, are esplained on the principle of
variations in the many descendants from some one ancient, proge-
nitor, having appeared at a not very early period of life, and. having
been inherited at a corresponding period. Embryology rises greatly
in interest, when we look at the embryo as a picture, more or less
obscured, of the progenitor, cither in its adult or larval state, of all
the members of the sume great class,
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Rudimentary, Atrophicd, and Aborted Organs,

s or parts in this strange condition, bearing the plain stamp
of inutility, are extremely common, or even general, throughout
aature. 16 would be impossible to name one of the higher animals
in which some part or other is not in a rudimentary condition. In
the mammalia, for instance, the males possess rudimentary mammae ;
in snakes one lobe of the lungs is rudimentary; in birds the
“bastard-wing” may safely be considered as a rudimentary digit,
and in some species the whole wing is so far rudimentary that it
cannot be used for flight. What can be more curious than the
presence of teeth in fietal whales, which when grown up have not a
footh in their heads; o the teeth, which never cut through the

s, in the upper jaws of unborn calves

Rudimentary organs plainly declare their origin and meaning in
various ways. ~ There are bectles belonging to closely allied species,
or even to the same identical species, which have either full-sized
and_perfect wings, or mere rudiments of membranc, which no
rarely lie under wing-covers firmly soldered together; and in these
cases it is impossible to doubt, that the rudiments represent wings.
Rudimentary organs sometimes retain their potentiality : this oo~
casionally oceurs with the mamma of male mammals, which have
been known to heoome well developed and to sccrete milk. So
again in the udders in the genus Bos, there are normally four deve-
loped and two rudimentary teats; but the latter in our domestio
cows sometimes become well developed and yield milk. Tn regard
o plants the petals are sometimes rudimentary, and sometimes well-
developed in the individuals of the same species. In certain plants
Taving separated sexes Kolreuter found that by crossing a species, in
whicl the male flowers included & rudiment of a pistil, with an
hermaphrodite species, having of course a well-developed pistil, the
rudiment in the hybrid offspring was much increased in size; an
this clearly shows that the rudimentary and perfect pistils are es-
sentially alike in pature, An animal may possess various parts in
4 perfect state, and yet they may in one sense be rudimentary, for
they are useless : thus the tadpole of the common Salamander or
Water-newt, as Mr. G H. Lewes remarks, “ has gills, and passos
“its existence in the water; but the Salamandra atra, w
“ high up among the mountains, brings forth its young full-formed,

“ This animal never lives in the water. Yet if we open a gravid
“female, we find tadpoles inside her with exquisitely {m(hcmd

“ gills ; and when placed in water they swim about e tad-
“ poles of the water-newt. Obviously this aquatic mmmsamn has
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“ no reference to the future life of the animal, nor has it any adap-
“ tation to its embryonic condition; it has solely reference to
S Ltk phase in the development of its
“ proge

A onjas Geving o purpoessmeylbestu IR et e
utterly aborted for one, even the more important purpose, and remain
perfectly eflicient for the other. Thus in plants, the office of the
pistil is to allow the pollen-tubes to reach the ovules within the
ovarium. The pistil consists of a stigma supported on a style; but
in some Composite, the male florets, which of course cannot bc
fecundated, have a rudimentary pistil, for it is not crowned wi
lgains! bt the syl vemaing wall Aol (VTG AN A
usual manner with hairs, which serve to brush the pollen out of the
surrounding and conjoined anthers. Again, an organ may become
rudimentary for its proper purpose, and bo msed for o distincy
in certain fishes the swim-bladder seems to be rudimentary
for its proper function of giving buoyancy, but has become con-
verted into a nascent, breathing organ or lung, Many similar
stances could be given.

Useful organs, ho\vever little they may be developed, unless we
Thave reason to suppose that they were formerly more highly deve-
loped, ought not fo he considered as rudimentary. They may be
in a nascent condition, and in progress towards further develop-
ment. Rudimentary organs, on the other hand, are either quite use-
Tess, such as teeth which never cut throngh the gums, or almost
uscloss, such as the wings of an ostrich, which serve merely as
sails. As organs in this condition would formerly, when still less
doveloped, have been of even less use than at present, they cannot
formerly have been produced throngh variation and natural selection,
which acts solely by the preservation of useful modifications. They
have been partially retained by the power of inheritance, and re-
late toa former state of things. It is, however, often difficult to
distinguish between rudimentary and nascent organs; for we can
judge only by analogy whether a part is capable of further deve-
lopment, in which case alone it deserves to be called nascent.
Organs in this condition will always be somewhat rare; for beings
thus provided will commonly have been supplanted by their suc-
cessors with the same organ in a more perfect state, and conse-
quently will have become long ago extinet. The wing of the
penguin is of bigh service, acting as a fing it may, therefore,
Tepresent the nascent state of the wing: not that T believe this to
e 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
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useless, and s traly rodimentary. Owen considers the simple fila-
‘mentary limbs of the Lepidosiren as the “beginnings of orzans
which attain full fanctional development in higher vertebrates ;™
Tut, according to the view lately advocated by Dr. Ginther, they
are prabably remnants, consisting of the persistent axis of a fin,
with the lateral rays or branches aborted. The mammary glands of
the Omnithorhynchus may be considered, in_comparison with the
udders of & cow, as in a nascent condition. The ovigerous frena of
certain_cirripedes, which have ceased to give attachment to the
ova and are feebly developed, are nascent branchir.

Rudimentary organs in the individuals of the same species are
very liable to vary in the degree of their development and in other
respects. In closely allied species, also, the extent to which tho
same organ has been reduced oceasionally differs much,  This latter
fact is well exemplified in the state of the wings of female motbs
belonging to the same family. Rudimentary orgaus may be utterly
aborted ; and this implies, that in certain animals or plants, parts
aro entirely absent which analogy would lead us to expect to find in
them, and which are occasionally found in monstrous individuals.
Thus in most of the Scrophulariaceas the fith stamen is utterly
alortad ; yet we may conclude that a fifth stamen once existed, for
a rudiment of it is found in many species of the family, and this
rudiment, occasionally becomes perfectly developed, as may some-
times be seen in the common svap-dragon. In tracing the homo-
logies of any part in different members of the same class, nothing
s more common, or, in order fully to understand the relations of
the parts, more useful than the discovery of rudiments. This is well
shown in the drawings given by Owen of the leg-bones of the horse,
ox, and rhinoceros.

Tt 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
Telieve, a universal rule, that a radimentary part is of greater size
in the embryo relatively to the adjoining parts, than in the adult;
50 that the organ at this early ago is less rudimentary, or even
cannot be said to be in any degree rudimentary. Hence rudim
tary organs in the adult are often said to have retained their
embryonic condition.

1 bave now given the leading facts with respect fo rudimentary
ongans, In reflecting on them, every one must be struck with
astonishment; for the same reasoning power which tells us that
Tost parts and organs aro exquisitely adapted for certain purposes,
tells us with equal plainness that these rudimentary or atrophied
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organs are imperfect and uscless. Tn works on natural history,
rudimentary organs are_generally said to have been created “for
the sake of symmetry,” or in order “to complete the scheme of
uature” But this s not an explanation, merely a re-statement of
the fact. Nor is it consistent with itself: thus the boa-constrictor
has rudiments of hind-limbs and of & pelvis, and if it be said that
these bones have been retained “ to complete the scheme of nature,”
why, as Professor Weismann asks, have they not been retained by
other snakes, which do not possess even a vestige of theso same
bones? What would be thought of an astronomer who maintained
that the satellites revolve in_elliptic courses round their planets
“for the sake of symmetry,” because the planets thus revolve
round the sun? An eminent physiologist accounts for the presence
of rudimentary organs, by supposing that they serve to excrete
atter in excess, or matter injurious to the system; but can we
suppose that the 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 rudimentary teeth, which are subse-
quently absorbed, are beneficial to the rapidly growing embryonic
calf by removing matter so precious as phosphate of lime?  When
a man’s fingers have been amputated, imperfect nails have been
Known to appear on the stums, and I could as soon believe that
these vestiges of nails are developed in order to excrote bhorny
matter, as that the rudimentary nails on the fin of the manateo
bave been developed for this sume purpose.
1w of descent with modification, the origin of rudimen-
tary orzans is comparatively simple; and we can understand to a
large extent the laws governing their imperfect development. We
have plenty of cases of rudimentary organs in our domestic pro-
duckons—as tho stump of a tai i tailess breed—the vestgo of
an ear in earless breeds of sheep,—the reappearance of minuf
danging haru i horles s Beetomt g ]
according to Youatt, in young animals,—and the state of the
whols flgwer I the! catilBower, . We often ‘sen rudlienta of
~arious parts in monsters; but T 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
produced; for the balance of evidence clearly indicates that
species under nature do not undergo great and abrupt changes. But
we learn from the study of our domestic productions that the
disuse of parts leads to their reduced size; and that the result is
inherited.

1t appears probable that disuse has been the main agent in
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rendering orzans rudimentary. 1t would at first lead by slow steps
to the more and more complete reduction of a part, wntil at last it
Tecame rudimentary,—as in the case of the eyes of animals in-
habitiog dark caverns, and of the wings of birds inbabiting oceanic
islands, which have. seldom been forced by beasts of prey to fake
fiight, and have ultimately lost the power of flying. Again, an
organ, useful under certain conditions, might become injurious under
others, as with the wings of bectles living on small and exposed
islands; and in this case natural selcotion will have aided in ro-
duciag the organ, until it was rendered harmless and rudimentary.
Any change in structure and function, which can be effected by
small stages, is within the power of natural selection; so that an
ongan rendered, through changed habits of life, useless or injurious
for one purpose, might be maodified and used for another purpose.
An orgn might, also, be retained for one alone of its former
fanctions. Organs, originally formed by the aid of natural selec-
tion, when rendered useless may well e variable, for their vari-
ations can no longer be checked by natural selection. All this
agrees well with what we see under nature. Morcover, at whatever
period of life either disuse or selection reduces an orzan, and this
will generally be when the being has come to maturity and has
t0 exert its full powers of action, the principlo of inheritance at
corresponding ages will tend to reproduce the orzan in its reduced
state at the sune mature age, but will seldom affect it in the
embryo. Thus we can understand the greater size of rudimentary
argaus in the embryo relatively to the adjoining parts, and their
lesser relative size in the adult. If, for instance, the digit of
an adult animal was used less and less during many generations,
owing to some change of habits, or if an organ or gland was less
and less functionally exercised, we may infer that it would becomo
roduced in size in the adult descendants of this animal, but would
niain nearly its original standard of development in the embryo.
There remains, however, this difficulty. ~After an orzan has
used, and has become in consequence much reduced,
Bow can it be still further reduced in size until the merest vestizo
s left; and how can it be finally quite obliterated? It is scarcely
posible that disuse can go on producing any further effect after
the organ has once been rendered functionless. Some mldihm L
explanation is here requisite which I cannot give. If,
stance, it could be proved that every part of the organisation wnds
tovary in o greater degreo towards diminution than towards aug-
mentation of size, then we should be able to understand how an organ
Which has become useless would be rendered, independently of the,
2p

Darwin Online: By permission of the Trustees of the Natural History Museum
(London).



402 Summary. Crar. XIV,

offeots of disuse, rudimentary and would at last be wholly sup-
pressed ; for the variations towards diminished size would no lony
Te checked by natural selection. The principle of the economy
of growth, expluined in a former chapter, by which the materials
forming any part, if not uscfal to the possessor, are saved as far as
is possible, will perbaps come into play in rendering a useless part
rudimentary, But this principle will almost necessarily be con-
fined to the earlier stages of the process of reduction; for we cannot
suppose that a minute papilla, for instance, representing in a male
flower the pistil of the female flower, and formed merely of cellular
tissue, could be further reduced or absorbed for the sake of econo-
‘mising nutriment,

Finally, as rudimentary organs, by whatever steps they may
Tave been degraded into their present useless condition, are the
record of a former state of things, and have been retained solely
through the power of beritanos—we oan wderstan, o the
genealogg w of classification, how it is that systematists, in
placing organisms in their proper places in the natural system, have
often found rudimentary parts as useful as, or even sometimes more
useful than, parts of high physiological importance. Rudimentary
organs may be compared with the letters in o word sml retained
in the spelling, but become useless in the pronunciation, but which
evo s oloe ot dirpatiom HOR s wiaw iR
modification, we may conclude that the existence of orzans in a
Tudimentary, imperfect, and useless condition, or quite aborted, far
from presenting a strange difficulty, as they assuredly do on the old
doctrine of creation, might even have been anticipated in accordance
with the views here explained.

Summary.

Tn this chapter T have attempted to show, that the arrangement
of all organic beings thronghout all time in groups under groups—
that the nature of the relationships by which all living and extinct
organisms are united by complex, radiating, and cireuitous lines of
affinities into a few grand clusses,—the rules followed and the
difficulties enconntered by naturalists in their classifications,—
the value set upon characters, if constant and prevalent, whether
of high or of the most trifling importance, or, as with rudimentary
organs, of no importance,—the wide opposition in value between
analogical or adaptive characters, and characters of true affinity;
and other such rules ;—allnaturally follow if we admit the common.
parentage of allied forms, together with their modification throngh
variation and natural selection, with the contingencies of extinetion
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and divergence of character. In considering this view of classifica-
tion, it should be borne in mind that the clement of descent has
‘Doen universally used in ranking together the sexes, ages, dimorphic
forms, and acknowledged varieties of the sume species, however
much they may differ from each other in structure. 1f we extend
the use of this element of descent,—the one certainly known cause
of similarity in organio beings,—we shall understand what is meant
by the Natural System: it is genealogical in its attempted arrange-
‘ment, with the grades of acquired difference marked by the terms,
varieties, species, genera, families, orders, and classes.

On this same view of descent with modification, most of tho
areat, facts in Morphology become intelligible,—whether we look
{o the same pattern displayed by the different species of the same
class in their homologous organs, to whatever purpose applied ;
BN o Lo omeic ' cch incivina sulmel
and plant,

On the principle of snccessive slight variations, not necessarily

iherited at a corresponding period, we can understand the leading
facts in Embryology ; namely, the close resemblance in the indi-
vidual embryo of the parts which are homologous, and w
matured become widely different in structure and function; and
the resemblance of the homologous parts or organs in allied though
distinet xpec)es, though fitied in the adult state for habits as
different as is possible. Larve aro active embryos, which have
Deen 3|\ecinllymod\ﬁed in a greater or less degree in relation to their
Tabits of life, with their modifications inherited at a correspond-
ing early age. On these same principles,—and bearing in mind,
that when organs are reduced in size, either from disuse or through
natural selection, it will generally be at that period of life when
the being has to provide for its own wants, aud bearing in mind
how strong is the force of inheritance—the ocourrence of rudi-
mentary organs mizht even have been anticipated. The im-
portance of embryological characters and of rudimentary organs
in classification is m(e ible, on the view that a natural arrange-
ment must be geneal

Finally, the several  Jaases o fots which have boon, considersl
in this chapter, seem to me to proclaim so plainly, that the innu-
merable species, genera and fumilies, with which this world is
Deopled, are all descended, cach within its own class or group, from
common parents, and have all been modified in the course of descent,
that 1 should without hesitation adopt this view, even if it woro
unsupported by other facts or arguments.

2032
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CHAPTER XV.

RECAPITULATION AND CONCLUSION.

Recapitulation of the cbjections to 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— H
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
%o the reader to have the leading facts and inferences briefly ro-
capitulated.

“That many and serious objections may be advanced against the
theory of descent with modification through variation and natural
sclection, T do not deny. 1 have endeavouredto give to them their
full force. Nothing at first can appear more difficult to believe than
that the more complex organs and instincts bave been perfected,
not by means superior to, though analogous with, human reason,
but by the acenmulation of innumerable slight variations, each good.
e A dlfcliy B
appearing to our imagination insuperably great, cannot be c
aliatt i AP At MO i, et e bl s
all parts of the organisation and instincts offer, at least, individual
differences—that there is a struggle for existence leading to the
preservation of proftablo deviations of structure or instinct—and,
lastly, that gradations in the state of perfection of each organ may
Tave existed, each good of its kind. The truth of these propositions
cannot, I think, be disputed.

It i5. 10 doriht, extremely difficult even to conjecture by e
gradations many structures have been perfected, more especi
aimongat broken and, lling roupe of rgani beogs, which it
suffered much exting but we see #0 many strange gradations
s R A G saying that
any orzan or instinct, or any whole structure, could not have
amived at ifs present state by many eraduated steps. There are,
it must be admitted, cases of syecial dificulty opposed to the
theory of nutural selection ; and one of the most eurious of these
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s the existence in the same community of two or three defined
custes of workers o sterile fomale ants; but I bave attempted
1o show how these difficulties can be mastered.

With respect to the almost universal sterility of species when.
first erossed, which forms so remarkable a contrast with the almost
universal fertility of varieties when crossed, I must refer the reader
1o the recapitulation of the facts given at the end of the ninth
chapter, which seem to me conelusively to show that this sterility
i+ mo more & special endowment than is the incapacity of two
distinct Kinds of trees to be srafted 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
th vast difference in the results of crossing the same two species
reciprocally,—that is, when one species is first used as the father
and then os the mother. Analogy from the cousideration of
dimorphic and trimorphic plants clearly leads to the same con~
clusion, for when tho forms are illegitimately united, they yield

i 10 seed, and their offspring are more or less sterile; and
these forms belong to the same undonbted species, and differ from
cach other in 1o respoct except in their reproductive organs and
functions.

Although the fertility of varieties when intercrossed and of their
mongrel offspring has been asserted by so many authors to be
universal, this cannot be considered as quite correct after the facts

which have been experimented on have been pro-
ducel under domestication ; and as domestication (L do not mean.
Inere confinement) almost certainly tends to eliminate that sterility
‘which, judging from analogy, would have affected the parcnt-specics
if intercrossed, we ought not to expect that domestication would
likewise induce sterility in their modified desoondants when crossed.
This elimination of sterility apparently follows from the same
cause which allows our domestic animals to breed freely under
diversified circumstances; and this again apparently follows from
their having been gradually accustomed to frequent changes in
their conditions of life.

A double and parallel series of facts scems to throw much light
on the sterility of species, when first crossed, and of their hybrid
offspring, On the one side, there is good reason to believe that
slght changes in. the conditions of life give vigour and fertlity to all
orgic beings, We know also that a cross between the distinct
individuals of the same variety, and between distinct varietics,
increases the number of their ofispring, and certaiuly gives to them
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inereased size and vigour. This is chiefly owing to the forms which
are crossed having been exposed to simewhat different conditions
of life; for 1 have ascertained by a laborious series of experiments
that if all the individuals of the same variety be subjected during
several generations o the sume conditions, the good derived from
crossing is often much diminished o wholly disappears. This is
one sido of the case. On the other side, we know that species
which have long been exposed to nearly uniform conditions, when
they are subjected under confinement to new and greatly changed
conditions, either perish, or if they survive, are rendered sterile,
though retaining perfect health. This does not oceur, or only in a
very slight degree, with our domesticated productions, which have
long been exposed to fiuctuating conditions.  Hence, when we find
that hybrids produced by a cross between two distinet species are
few in number, owing to their perishi after conception or
at a very carly age, or if surviving that they are rendered more
or less sterile, it seems highly probable that this result is due to
their having been in fact subjected to a great chauge in their
conditions of life, from being compounded of two distinct organisa-
tions. He who will explain in a definite manner why, for instance,
an elephant or a fox will not breed under confinement in its native
oy, whilk te do\nesuc b or dog will breed freely under the
most, dive il at the same time be able to give a
definite answer m the q\lenlmn why two distinct species, when
crossed, as.well as their hybrid offspring, are generally rendered
more or less sterile, whilst two domesticated varietios when crossed
and their mongrel offspring are perfectly fertile.

Tumning to geographical distribution, the dificulties encountered

o

Al the individuals of the sume species, and all the species of the
same genus, or even higher group, are 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 suceessive.
generations have travelled from some one point to all the others.:
We are often wholly unable even to conjecture how this could
Tave been effected. Yet, as we have reason to believe that some
species bave retained the same specific rmn foe very long peiods
of tiwe, immensely long as measured by years, too much stress
ot o 601 AR fecasioil e, gk
species; for during very long periods there will always have been
4 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
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that we are as yet very ignorant as to the full extent of the various
climatal and geographical changes which have affected the carth
during modern. periods; and such changes will often Lave facilitated.
‘migration, As an example, I have attempted to show how potente
has been the influence of the Glacial period on the distribution of
the same and of allied species throughont the world, We are as
yet profoundly ignorant of the many occasional means of trans-
port. With respect to distinct species of the same genus inha
hiting distant and isolated regions, as the process of modification.
has necessarily been slow, all the means of migration will have
been possible during a very long period ; and consequently tho
diffieulty of the wide diffusion of the species of the sume genus
is in some degree lessened.

As according to the theory of natural selection an interminable
number of intermediate forms must have existed, linking together
all the species in each group by gradations as fine as are our
existing varieties, it may be asked, Why do we not see these
linking forms all around us? Why are not all organio b
blended together in an inextricable chaos?  With respe
existing forms, we should remember that we bave no right to ex-
pect (excepting in rare cases) to discover directly connecting links
betaween them, but only between each and some exti sup-
planted form. Even on a wide area, which has during a long
period remained continuous, and of which the climatic and other
conditions of life change insensibly in proceeding from a district
oceupied by one species into another district occupied by a closely
allied species, we have no just right to expect often to find inter-
mediate varictics in the intermediate zones. For wo have reason
1o believe that only a few species of @ genus ever undergo changes
the other species becoming utterly extinct and leaving no modified.
progeny. Of the species which do change, only o fow within the
samo country change at the same time; and all modifications
are slowly effected. 1 have also shown that the intermediato
varieties which probably at first existed in the intermediate zones,
would be liable to be supplanted by the allied forms on cither
hand; for the latter, from existing in greater numbers, would
generally be modified and improved at a quicker rate than the
intermediate varities, which existed in lesser numbers; so that
the intermediate varicties would, in the long run, be supplanted
and exterminated.

On this doctrine of the extermination of an infinitude of con=
necting links, between the living jinct inhabitants of the
World, and at each successive period between the extinet and still
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older species, why is not every geologieal formation charged with
such links? Why does not every collection of fossil remains
afford plain ovidence of the gradation and mutation of the forms
of life?  Although geological research has undoubtedly revealed
the former existence of many links, bringing numerous forms
of life much closer together, it does not yield the infinitely many
fine gradations between past and present species required on the
theory ; and this s the most obvious of the many objections which
may be urged azainst it. Why, azain, do whole groups of allied
species appear, though this appearance is often false, o have come
in suddenly on the successive geolosical stages? Although we
now know that organic beings appeared on this globe, at  period
incalculably remote, long before the lowest bed of the Cambrian
system was deposited, why do we not find beneath this system
great piles of strata stored with the remains of the progenitors of
the Cambrian fossils?  For on the theory, such strata. must some-
where have been deposited at these ancient and utterly unknown
epochs of the world’s history.

1 can answer these questions and objections only on the sup-
‘position that the geological record is far more imperfect than most
geologists believe. The number of specimens in all our museunis
is absolutely as nothing compared with the countless generations
of countless species which have certainly e The parent-
form of any two or more species would not be in all its characters
direetly intermediate between its modified offspring, any more than
the rock-pigeon is direotly intermediate in crop and tail between
its descendants, the pouter and fantail pigeons. We should not be
able to recognise a species as the parent of another and modified
species, if we were to examine the two ever so closely, unless we
possessed most of the intermediate links; and owing to the imper-
fection. of the geological record, we have no just right to expect
to find 8o many links. 1If two or three, or even more linking forms
were discovered, they would simply be ranked by many naturalists
4s 50 many new species, more especially if found in different geo-
logical sub-stages, let their differences be ever so slight. Numerous
existing doubtful forms could be named which are probably varie-
ties; but who will pretend that in future ages so many fossil links
will be discovered, that naturalists will be able to decide whether
or not these doubtful forms ought, to be called varieties? Only a
small portion of the world has been geologically explored. Only
organic beings of certain classes can be preserved in a fossil con-
dition, at least in any great number. Many species when once
formed never uudergo any further change but become extinct
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without leaving modified descendants; and the periods, during
\which species have undergone modification, though long s men
sured by years, have probably been short in comparison with the
periods during which they retained the sae form. 1t is the domi-
nant and widely ranging species which vary most frequently and
vary most, and varieties are often at first local—both causes
rendering the discovery of intermediate links in any one formation
Jess likely. Local varieties will not spread into other and distant
regions until they are considerably modified and improved ; and
when they have spread, and are discovered in & geological forma-
tion, they appear as if suddenly created there, and will be simply
classed as new species.  Most formations have been intermittent in
their accumulation ; and their duration has probably been shorter
than the average duration of specific forms.  Successive formations
are in most cases separated from each other by blank intervals
of time of great length; for fossiliferous formations thick enough
o resist future degradation can as a general rule be accumulated
only where much sediment s deposited on the subsiding bed of the
sea. During the alternate periods of elevation and of stationary
level the record will generally be blank. During these latter
‘periods there will probably be more variability in the forms of life;
during periods of subsidence, more extinction. 2

With respect to the absence of strata rich in fossils beneath the
Cambrian formation, T can recur only to the hypothesis given in
the tenth chapter; namely, that though our continents and oceans
liave endured for an enormous period in nearly their present relative
positions, we have 1o reason to assume that this has always been
the case; consequently formations much older than any mow
known may lio buried beneath the great oceans. With respect
to the lapse of time not having been sufficient since our planet
was consolidated for the assumed amount of organio change, and
this objection, as urged by Sir William Thompson, is probably one
of the gravest as yet advanced, I can only say, frstly, that we do
not. know at what rate specics change as measured by years, and
secondly, that many philosophers are not as yet willing to admit
that we know enough of the constitution of the universe and of
the interior of our globe to speculate with safety on its past dura~
tion,
That the geological record is imperfect all will admit; but that
it is imperfect o the degree required by our theory, few will be
inclined to admit. If we look to long enough intervals of time,
geology plainly declares that species have all changed; and they
have changed in the mauner required by the theory, for they lave
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changed slowly and in  graduated manner, We clearly see this
in the fossil remains from conseoutive formations invariably beivg
much morscoely relate to ench obher, than are the fossils from
widely separated formati
St e o 0 severl ki bections nd diffelten
which may be justly urged against the theory; have now
briefly recapitulated the answers and e\phmtmns which, as far
can sce, may be given. 1 have felt theso difficulties far too
heavily during many years to doubt their weight. But it deserves
especial notice that the more important objections relate to ques-
tions on which we are confessedly ignorant; nor do we know how
imorant we are. We do not know all the possible transitional
gradations between the simplest and the most perfect oramns; it
annot be pretended that we know all the varied means of Distribu-
tion during the long lapse of years, or that we know how imperfect
is the Geological Record. Serious as these several objections are,
in my judgment they are by no means suffiient to overthrow the
theory of descent with subsequent modification.

Now let us tum to the other side of the arzument. Under
domestication we see much variability, caused, or at least excited,
by changed conditions of life; but often in 8o obscure a manner,
that we are tempted to consider the variations as spontaneous.
Variability is governed by many complex laws,—by correlated
growth, compensation, the increased use and disuso of parts, and
the definite action of the surrounding conditions. There is much
difficulty in ascertaining how largely our domestic productions
dave been modified; but we may safely infor that the amount
has been large, and that modifications can be inherited for long
periods.  As long as the conditions of life remain the same, we
hiave reason to believe that & modification, which has already been
inherited for many generations, may continue to be inherited for an.
almost infnite number of enerations, On the other hand, we havo
evidence that variability when it has once cone into play, does not
ceaso under domestication for a very long period ; nor do we know
that it ever ceases, for new varicties are still oceasionally produced
by ous olet matticaed producions

ability is ot actually caused by man; he only uninten-
tionally exposes organic beings to new conditions of life, and then
nature acts on the organisation and causes it to vary, But man
can and does select the variations given to him by nature, and thus
accumnlates them in any desired manner. He thus adapts animals
and plants for bis own benefit or pleasure, He may do this

Va
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methodically, or he may do it wnconsciously by preserving. the
individuals most useful or pleasing to him without any intention of
altering the breed. It is certain that he can largely influence the
character of a breed by sclecting, in each sucoessive generation,
individual differences so slight as to be inappreciable except by an
educated eye. This unconscious process of selection has been tho
great agency in the formation of the most distinct and useful
dowestic breeds. That many breeds produced by man have to
large extent_the character of natural species, is shown by the
inextricable doubts whether many of them are varieties or aborigi-
nally distinet species.

There is no reason why the principles which have acted so
efficently under domestication should not have acted under nature.
In the survival of favoured individuals and races, during the
constantly-recurrent Struggle for Existence, we see a powerful and.
ever-acting form of Selection. The struggle fur existence inevitably
follows from the high geometrical ratio of inerease which is common
to all organic beiugs. This high rate of incrense is proved by
ealculation,—by the rapid increase of many animals and plants

aring a. succession of peculiar seasons, and when naturalised in
w countries. More individuals are born than can possibly
survive, A grain in the balance may determine which individuals
shall live and which shall die,—which variety or species shall
increase in number, and which shall decrease, or finally become
extinet, As the individuals of the sume species come in all
respects into the closest competition with each other, the strugzle
will generally be most severe between them it will be almost
equally severe between the varieties of the same species, and next
in severity between the species of the same genus. On the other
hand the struggle will often be severe between beings remote in the
scale of nature, The slightest. advautage in certain individuals, at
any age or during any season, over those with which they come
into competition, or better adaptation in however slight a degree to
the surrounding physical conditions, wil, in the long run, turn the

ce.

With animals having separated sexes, there will be in most cases
a strugglo between the males for the possession of the females.
The most vigorous males, or those which bave 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 charms; and a sl
advantage will lead to victory.

As geology plainly precluims that each land has undergone great

Darwin Online: By permission of the Trustees of the Natural History Museum
(London).



4.12 Recapitulation. Cuar. XV,

physical changes, we might have expected to find that orgunio
beings have varied under nature, in the same way as they have
varied under domestication. - And if there has been any variability
under nature, it would be an unaccountable fact if natural selection
had not come into play. 1t hs often been asserted, but the
assertion is incapable of proof, that the amount of variation under
re is a strictly limited quantity. Man, though acting on
external characters alone and often capriciously, can prodice within
a short period a great result by adding up mere individual differences
n his domestic productions; aad orery one admii that spcien
Prinent incriATLCAE e besides such difforences, all
R v o exist, which are considered
sufficiently distinct to be worthy of record in systematic works.
No one has drawn any clear distinction betaween individual dif
ences and slight varieties; or between more plainly marked vari
and sub-species, and species. On separate continents, and or
different parts of the same continent when divided by barriers nl'
any Kind,and on otlying iands, what mulitud of foms xis,
some experienced naturalists rank as varietics, others as

al Taces or sub-species, and others as distinct, though

e 1

1f then, animals and plants do vary, let it be ever so slightly or
slowly, why should not variations or individual differences, which
are in any way beneficial, be preserved and accumulated through
natural selection, or the survival of the fittest? 1f man can by
patience select variations useful to bim, why, under changing and
complex conditions of should not variations useful to nature’s
living poducta ol arie, and be preserved or selected ?  What
Jimi be put to this power, acting during long ages and mdly
scrutinising the whole constitution, structure, and Labits
ereature,—favouring the good and rejecting the bad ? bl
limit to this power, in slowly and beantifully adapting each form to
the most complex relations of life, The theory of natural selection,
even if we look no farther than this, seems to be in the highest
degree probable. 1 have already recapitulated, as fairly as I could,
the oprosed difficulties and objections: now let us tura 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 prodiiced by special acts
of aration, au varcies which are acknovledped 9 ave bees
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by secondary laws. O this same view we can understand.
how it i that in a region where many species of a genus have been
produced, and where they now flourish, these same species should
present many varieties;; for where the manufactory of species has
been active, we might expect, as a general rule, to find it still in
u;t\un and this is the case if varicties be incipient species, More-

wer, the species of the larger genera, which afford the greater
B ks oo eta o cerai e
the character of varieties ; for they differ from each other by a less
amount of difference than do the species of smaller genera, The
clesely allied species also of the larger genera apparently have re-
stricted ranges, and in their affinities they are clustered in little gronps
round other species—in both respects resembling varieties. These
are strange relations on the view that each species was independently
created, but are intelligible if each existed first as a variety.

s each species tends by its geometrical rate of reproduction to
increase inordinately in number ; and as the modified descendants
of each species will bo enabled to increase by as much as they
become more diversified n habits and structure, so as to be able
to seize on many avd widely different places in the cconomy of
nature, there will be & constant tendency in natural sclection fo
preserve the most, divergent offspring of any one specics. Hence,
during a long-continued course of modification, the slight differences
charactoristio of varietics of the same species, fend to bo angmented
into the greater differences characteristic of the species of the same
genus. New and improved varicties will upplant and
exterminate the older, less improved, and intermediate varieties;

B s ) o oo tout) deiasd il
distinet objects. Domuinant_species belonging to the larger
@oups within cach class tend to give birth to new and domi-
mnt forms; so that each large moup tends to hecome still
larger, and at the sam time more divergent in character. But as
all gronps cannot thus go on increasing in size, for the world would
1ot hold them, the more dominant groups beat the inant.
This tendeney in the large groups to go on increasing in size and
diverging in character, together with the inevitable contingency of
much extinction, explains the arrangement of all the forms of life
in groups B bor e to groups, all within a few great
Which has prevailed. thronghout all time. This grand fuct of tho
grouping of all organic beinss under what is called the Natural
Ssswm, is utterly inexplicable on the theory of creation.

natural selection acts solely by accumulating slight, successive,
Srouable variations, it can produce no great or sudden modifica=
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it can act only by shortand slow steps. Hence the canon of
atura non. facit saltum,” which every fresh addition to our
Knowledge tends to confirm, is on this theory intellgible,  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 i lon iberied and strctures alfedy modifed in many
difisent maya o o s iapod o ha e gt pirgon, W
can, in short, see why nature is prodigal in variety, thoug] n\
in iunovation. But why this should be a law of umuu iea
species has bern independently created, no man can explai

Sinay otuos A heelin [ M et LA RN GRS
How strange it is that a bird, under the form of a woodpecker,
should prey on insects on the ground; that upland geese which
rarely or never swim, should possess webbed feet; that a thrush-
like bird should dive and feed on sub-aquatic inscets; and that &
petrel should bave the habits and structure fitting it for the life of
au auk ! and so in endless other cases, But on the view of each
species constantly trying to increase in number, with natural
sclection always ready to adapt the slowly varying descendants of
cnch to any unocsupied or lceupiedplac o ptur these facts

cet it even have been anticipat

s e o R
50 much beauty throughout nature; for this may bo largely attr
buted to the agency of selection. That beauty, according to our
seuse of it, is not universal, must be admitted by every one who
will look at some venomous snakes, at some fishes, and at certain
Tideous bats with a distorted resemblance to the human fuce.
Sexual selection has given the most brilliant colours, elegant
i and other omaments to_the males, and sometimes to

xes of many birds, butterflies, and other animals. With

bieds it s often rendered. the voice of the male musical to the
fomale, as well as to our cars. Flowers and fruit havo been
xendered conspicuous by brillant olours i contrast wih the green
foliage, in order that the flowers may be easily seen, visited, anl
fortilised by Inscets, and the sceds disseminated by birds
comes that certain colours, sounds, and forms should give pleasure
o man and the lower animals,—that is, how the sense of ‘beauty
i its simplest form was first aequired,—ve do mot know auy
more than how certain odours and flavours were first rendered
agreeable,

"As natural selection acts by competition, it adapts and improves
the inhabitants of each country only in relation totheir co-
dubalitants; s that we vecd feel o surprise at the species of auy
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one country, although on the ordinary view supposed to have been
ereated and specially adapted for that country, being beaten and
supplanted by the naturalised productions from another land. - Nor
ought we to marvel if all the contrivances in nature be not, as far
as we can judge, absolutely perfect, as in the case even of the
human eye; or if some of them be abhorrent to our ideas of
ftoess. We need not marvel at. the sting of the bee, when used
aminst an enegoy, causing the bee's own death; at drones being
produced in such great numbers for one single act, and being then
sianghtered 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 danghters; at ichnenmonida feeding within the
living bodies of caterpillars ; or at other such cases. The wonder
indeed s, on the theory of natural selection, that more cases of the
ant of absolute perfection have not been detected.

The complex and little known laws governing the production
of varieties are the same, as far as we can judge, with the laws
which have governed the production of distinct species. In both
cases physical _conditions seem to have produced some direct
and definite effect, but how much we cannot say, Thus, when
varieties enter any new station, they occasionally assume some of
the characters proper to the species of that station, With both
varieties and species, use and disuse seem to have produced a
considerable effect for it is impossible to resist this conclusion
when we look, for instance, at the lozger-headed duck, which has
wings incapable of flight, in pearly the same condition as in the
domestic duck ; or when we look at the burrowing tucu-tucu, which
s occasionally blind, and then at certain moles, which are habitually

Europe, With varioties and species, correlated variation seems fo
lave played an important part, so that when one part bas been
modified other parts have been necessarily wodified. With both
Varieties and species, reversions to long-lost characters occasionally
oceur, How inexplicable on the theory of creation s the occasional
appearance of stripes on the shoulders and legs of the several specics
of the horse-gonus and of their hybrids! How simply is this fact
explained if we believe that these species are all descended from
striped progenitor, in the same manner as the several domestic
breeds of the pigeon are descended from the blue and barred rock=
bigeon |

On the ordinary view of each species having been indopendently
areatell, why should specific characters, or those by which the
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species of the same genus differ from each other, be more variable
than gencric charactors in which they all agree? Why, for in-
stance, should the colour of a flower be more likely to vary in
any one species of a genus, if the other species possess differently
coloured flowers, than if all possessed the sume colonred flowers ?
If spocies are only well-marked varieties, of which the characters

become in & high degree permancnt, we can understand. this
fact ; for they have already varied since they bragehed off from o
common progenitor in certain characters, by which they have como
to be specifically distinet from each other; therefore these same
characters would be more likely again to vary than the generic chi
Tacters which have been inherited without change for an immense
period. It is inexplicable on the theory of creation why a part
developed in a very unusual manner in one species alone of a genus,
and therefore, as we may naturally infer, of great importance to
that species, should be eminently liable to variation ; but, on our
view, this part has undergone, since the several species branched off
from a common progenitor, an unusual amount of variability and
modification, and. therefore we might expect the part generally to
e 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 common to many subordinate
forms, that is, if it has been inberited for a very long period ; for in
this case it will have been rendered constant by long-continued
matural selection.

Glancing at instinets, marvellous as some are, they offer mo
greater difficulty than do corporeal structures 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. 1 have attempted to show how much light the principle
of gradation throws on the admirable architectural powers of the.
hive-bee,  Habit no doubt often comes into play in modifying
instincts; but it certainly is not indispensable, as we sce in the
case of nenter insects, which leave 1o progeny to inherit the effects
of long-continued habit. On the view of all the species of the samo
genus having descended from a common parent, and having in-
Terited much in common, we can understand how it is that allied
species, when placed under widely different conditions of life, yet
follow nearly the same instincts; why the thrushes of tropical and
temperate South America, for instance, line their nests with mud
like our British species. On the view of instincts having been
slowly acquired through natural selection, we need not marvel
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at some instincts being not perfect and liable to mistakes, and ab
‘many instincts causing other animals to suffer.

1f species be only well-marked and permanent varieties, we can
at ance seo why their crossed offspring should follow the same
complex laws in their degrees and kinds of resemblance to their
parents,—in being absorbed. into each. other by successive crosses,
and in other such points,—as do the crossed offspring of acknow-
ledged varieties. Tbis similarity would be a strange fact, if species
had been independently created and varieties had been produced
through secondary laws.

1f we admit that the geological record is imperfect to 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 difforent

ups. The extinction of species and of whole groups of specics,
which has played 80 conspicuous a part in the history of the
organic. world, almost inevitably follows from the principle of
natural selection; for old forms are supplanted by new and im-

proved forms.  Neither single species nor groups of species re-
appear when the chain of ordinary generation is once broken. The
gadual diffusion of dominant forms, with the slow modification of
their descendants, causes the forms of life, after long intervals
of time, to appear as if they had changed simultaneously through-
out the world. The fact of the fossil remains of each formation
Deing in some degree intermedinte in character between the fossils
in the fmmahons abors and below n simply explained by chr
intermediate position in the chain of descent. The grand fact
that all extinct beings can be classed with all recent bﬂnun,
naturally follows from the living and the extinct being the off-
spring of common parents. As species have generally diverged in
character during their long course of descent and modification, we
can uderstand why it is that the more ancient forms, or carly
Drogenitors of cach group, so often occupy a position in some
degree intermediate between existing groups. Recent forms are
genenally looked upon as being, on the whole, higher in the scalo
of organisation than ancient forms; and they must be higher, in
% far as the later and more improved forms have conguered the
older and less improved forms in the struggle for life; they have
o gonenlly had ther organs more “specialised for different;
'his fact is perfectly compatible with numerous beings
ing simple and but little improved structures, fitted for
simple conditions of life; it is likewise compatible with some

2e
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forms having retrograded in orgenisation, by having become at
each stage of descent better fitted for now and degraded habits
of life. Lastly, the wonderful law of the long endurance of allied
forms on the same continent,—of marsupials in Australia, of eden-
tata in America, and other such cases,—is intelligible, for within
the sume country the existing and the extinet will be closely
allied by descent.

Looking to geographical distribution, if we admit that there has
Teen 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 oceasional and unknown means of dis-

we can_ understand, on the theory of descent with
‘modification, most of the great leading facts in Distribution. We
can sce why there should be so striking a parallelism in the dis-
tribution of organic beings throughout space, and in their geological
succession throughout time s 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 o
the same continent, under the most diverse conditions, under heat
and cold, on mountain and lowland, on deserts and marshes, most
of the inhabitants within cach great class are plainly related; for
they 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, aud 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 Iatitudes, though separated by the whole intertropical
ocean.  Although two countries may present physical conditions
as closely similar as the sume species ever require, we need feel no
surprise at their inhabitanis being widely different, if they havo
Teen for a long period complotely sundered from each other ; for as
the relation of organism to organism is the most important of all
relations, and as the two countries will have received colonists
at variots periods and in different. proportions, from. some other
country or from each other, the course of modification in the two
areas will inevitably have been different.

On this view of migration, with subsequent modification, we
sco why oceanic islands are inbabited by only fow species, but of
those, why many are peculiar or endemic forms. We clearly seo
why species belonging to those groups of animals which cannot
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eross wide spaces of tho ocean, as frogs and terrestrial mammals, do
ot inbabit oceanic islands ; and why, on the other hand, new and
‘poculiar species of bats, animals which can traverso the acean, are
often found on islands far distant from any continent. Such cases
as the presence of peculiar species of bats on oceanic islands and
the absence of all other terrestrial mammals, aro facts ubterly
inesplicable on the theory of independent acts of creation,

The existence of closely allied or representative specics in any
two areas, implies, on. the theory of descent with modification, tha
the same parent-forms formerly inhabited both areas: and we
almost invariably find that wherever many closely allied species’
inbabit two areas, some identical species are still common to both.
Wherever many closely allied yet distinct species oceur, doubtful
forms and varieties belonging to the same groups likewise occur.
Tt s a rule of high generality that the inhabitants of each area aro
related to the inhabitants of the nearest source whenco immigrants
might have been derived. We sce this in the striking relation of
nearly all the plants and animals of the Galapagos archipelago,
of Juan Fernandez, and of the other American islands, to the
plants and animals of the neighbouring American mainland; and
of those of the Cape de Verde archipelago, and of the other Alfrican
islands to the African mainand. 1t must be admitted that theso
facts receive no explanation on the theory of creation.

The fact, as we have seen, that all past and present organic beings
can be arranged within a few great classes, in groups subordinate to
groups, and with. the extinct groups often falling in between the
nocent groups, is intelligible on the theory of natural selection with
its contingencies of extinction and divergenco of character. On
these same principles we see how it is, that the mutual afinitics of
the forms within each class are so complex and circuitous.  Wo
see why certain characters are far more serviceable than others for
classifioation ;—why adaptive characters, though of paramount im-
portance to the beings, are of bardly any importance in classifi-
aation; why characters derived from rudimentary parts, though of
10 service to the beings, are often of high classificatory value; and
why embryological characters are often the most valuable of all.
The real affinities of all organte beings, in contradistinction to their
adaptive resemblances, are due to inheritance or community of

t. The Natural System is a genealogical arrangement, with
the aoquired grades -of difference, marked by the terms, varioties,
Species, genern, families, &e.; and we bave to discover the lines
of descont by the most permanent characters whatever they may

and of however slight vital importance.

252
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‘The similar framework of bones in the hand of a man, wing of
a bat, fin of the porpoise, and leg of the horse,—the samo number
of vertebra forming the neck of the giraffo and of the clephant,—
and innumerable ofher such fuets, at once explain themselves on
the theory of descent with slow and slight successive modifica-
tions. The similarity of pattern in the wing Exjange:
a bat, though used for such different purpose, e jaws and
Togs of a crab—in the petals, stamens, and p:sms of a flower
is likewise, to a large extent, intelligible on the view of the
gradual modification. of parts or organs, which were borgoaly
alike in an early progenitor in each of these class

principle of successive variations not always s\lpervenmn at an
early age, and being inherited at a corresponding not early
period of life, we clearly see why the embryos of mammals,
birds, reptiles, and fishes should be so closely similar, and so
unlike the adult forms. We may cease marvelling at the em-
Dryo of an air-breathing mammal or bird having branchial slits
and arteries running in loops, like thoso of a fish which has to
breathe the air dissolved in water by the aid of well-developed
branchie.

Disuse, aided sometimes by natural seleotion, will often have
reduced organs when rendered useless under changed habits or
conditions of life ; and we can understand on this view the meaning
of rudimentary organs. But disuse and selection will generally act
on each creature, when it has come to maturity and has to play its
full part in the struggle for existence, and will thus have lttle
power on an organ during early life; hence the organ will not be
reduced or rendered rudimentary at this carly age. The calf, for
instauce, has inherited teeth, which never out 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 formerly reduced by disuse, owing to the tongue and palate,
or lips, having become excellently fitted through natural selection
10 browse without their aid; whereas in the calf, tho teeth have
been left unaffected, and on the principle of inheritance at cor-
responding ages have been inherited from a remote period to
the present day. On the view of each orzanism with all its
separate parts having been specially created, how utterly inexplio-
able is it that organs bearing the plain stamp of inutility, such
as the teeth in the embryonic calf or the shrivelled wings under
the soldered wing-covers of many beetles, should so frequently
ocour. Nature may be said to have taken pains to reveal her
scheme of modification, by means of rudimentary orgaus, of em=
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bryological and homologous structures, but we are too blind to
understand her meaning.

Thave n i the facts and considerations which have
thoroughly convinced me that species have been modified, during &
long course of descent. This has becn effected chiefly through the
patural selection of numerous successive, slight, favourable varia=
tions; aided in an important manner by the inherited effects of the

to us in_our ignorance to arise spontancously. It appears that
T formerly underrated the frequency and valuo of these latter
forms of variation, as leading to permanent modifications of struc-
ture independently of natural selection. But as my conclusions
have lately been much misrepresented, and it has been stated
that T attribute the modification of species exclusively to natural
selection, T may bo permitted to remark that in the first edition of
this work, and_ subsequently, T placed in a most conspicuous posi-
tlon—namely, at the close of the Introduction—the following words :
winced that natural selection has been the main but not
e B e Ui fcston™ o e of o avall
Great is the power of steady misrepresentation; but the history
of science shows that fortunately this power does not long endure.
1t can hardly be supposed that a false theory would explain, in
50 satisfactory a manner as does the theory of natural selection, the
several large classes of facts above specified. It has recently
boen objected. that this is an unsafe method of arguing; but
it is & metlod uaed i Judsing of the common events of life, and
has often been used by the greatest natural philosophers. The
undulmury theory of light has thus been arrived at; and the belief
in the revolution of the carth on its own axis was until lately
i by barly any it svidence, 10 e o valid abjetion
that science as yet throws no light on the far higher problem of the
essence or origin of life. Who can explain what is the esscnoe of
the attraction of gravity? No one now objects to following out the
results conuqnunt on this unknown element of attraction; not-
‘Vithstanding that Leibnitz formerly accused Newton of introducing
“oceult, qualities and miracles into phllr)xuphy
see o good reason why the views given in this volume should
shock the religious feelings of any one. It is satisfactory, as
showing how transient such impressions are, to remembor that the
meatest di discovery ever made by man, namely, the law of the
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attraction of gravity, was also attacked by Leibnitz, “as sub-
versive of natural, and inferentially of revealed, religion” A cele-
Drated author and divine has written to me that “he has gradually
“Jearnt 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 cansed by the
“action of His laws.”

Why, it may be asked, until recently did nearly all the most
eminent living naturalists and geologists disbelieve in the muta-
ity of species. Tt cannot be asserted that organic beings in
state of nature are subject fo no variation ; it cannot be proved
that the amount of variation in the course of long ages is a limited
quantity; no clear distinction has been, or can be, drawn bebween
species and well-marked varieties. It cannot be maintained that
species when intercrossed are invariably sterile, and varieties in-
variably fertile; or that sterility is a special endowment and sign
of creation. Tho belief that species wero immutable productions
was almost unavoidable as long as the bistory of the world was
thought to be of short duration; and now that we have acquired
somo 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 great changes of which we do ot see
the steps. The difficulty is the same as that felt by so many geo-
Togists, when Lyell first insisted that long lines of inland cliffs had
been formed, and great valleys excavated, by the agencies which
we see still at work. The mind cannot possibly grasp the full
‘meaning of the term of even & million years; it cannot add up and
perceive the full cffects of many slight vatiations, e
during an almost infinite number of generations.

Although 1 am fully convinced of the truth of the views given in
this volume under the form of an abstract, I by no means expect
to convince experienced naturalists whose minds are stocked with
a multitude of facts all viewed, during a long course of years, from
a point of view directly opposite to mine. It s s0 easy to hide our
ignorance under such expressions as the “plan of creation,” “unity
of design,” &c., and to think that we give an cxplanation when wo
only re-state a fact. Anyone whose disposition leads him to attach
more weight to unexplained difficulties thau to the explanation of
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a certain number of facts will certainly reject the theory. A few
mmuau. vl with much flexibility of mind, and who have

to doubt the immutability of species, may be in-
enood by i volume; but I look with confidence to the future,—
40 young and rising naturalists, who will be able to view both sides
of the question with impartiality. Whoever is led to believe that
species are mutable will do good service by conscientiously ex-
pressing his convition ; for thus only can. the load of prejudice by
which this subject is overwhelmed be removed.

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 inde-
pendently created. This scems to me a strange conclusion to
arrive at. They 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 naturalists, and which conse-
quently have all the external characteristic features of true species,
—they admit that these have been produced by variation, but they
refuse to extend the same view to other and slightly different forms.
Nevertheless they do not pretend that they can define, or even
conjecture, which aro the created forms of life, and which are those
produced by secondary laws. They admit variation as a vera cause
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 ourious illustration of the blindness of precon=
ceived opinion. These authors seem no more startled at a mira-
culous act of creation than at an ordinary birth. But do they
really believe that at innumerable s in the earth’s history
certain clemental atoms have been commanded suddenly to flash
into living tissues? Do they beliove that at each supposed act of
areation one individual or many were produced? Were all the
infinitely numerous kinds of animals and plants created as ezgs or
seed, or as full grown? and in the case of mammals, were they
created bearing the false marks of nourishment from the mother's
wombh?  Undoubtedly some of these same questions cannot be
answered by those who believe in the appearance or creation of only
2 few forms of life, or of some one form alone. It has been main-
tained by several authors that it is as casy to believe in the creation
of a million beings as of one; but Maupertuis philosophical
axiom “of least, action ” leads the mind more willingly to admit
the smaller number; and certainly we ought not to believe that
imumerablo beings within each great class have been created
With plain, but deceptive, marks of descent from a single parent.
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As a record of a former state of things, I have retained in the
foregoing paragraphs, and elsewhere, several sentences which imply
that naturalists believe in the separate ereation of each specs

edi e present work appeared. 1 formerly spoke to very
fee el the subject of evolution, and never once mat

with any sympathetio agreement. 1t is probable that some did
e tatiees T ol it they were cither silent, or expressed
themsolves so ambiguously that it was not easy to understand their
meaning.  Now things are wholly changed, and almost every
naturalist admits the great principle of evolution, . Thare ars bow.
ever, some who still think that species have suddenly given birth,
through o snexplained means, to new and twially diffrent
forms: but, a attempted to show, weighty eridencs can be
posok o the ekl B et i abrupt modifications. Under
a scientific point of view, and as leading to further mvustigatmn,
but little advantage is gained by believing that new forms aro
suddenly doveloped in an inexplicable manner from old and widely
different forms, over the old belief in the creation of species from
the dust of the carth.

Tt may be asked how far T extend the doctrine of the modification
of species. 'The question is dificult to answer, because the moro
distint the forms are which we consider, by so much the arguments
in favour of community of descent become fewer in number and less
in force. But some arguments of the greatest weizht extend very
far. Al the members of wholo classes are connected together by
a chain of affinities, and all can be classed on the sam principle,
in groups subordinate to groups. Fossil rewains sometimes teud
to fill up very wide intervals between existing orders.

Orzans in'a rudimentary condition plainly show that an carly
progenitor had the organ in a fully developed condition; and this
in some cases implies an enormous amount, of modification in
the descendants, Throughout whole classes various structures are
formied on the same pattern, and at a very early ago the embryos
closely resemble each other. Therefore I cannot doubt, that the
theory of desoent with modification embraces all the members of
the sume great class or kingdom. I believe that animals aro
descended from at most only four or five progenitors, and plants
from an equal or lesser number.

Analogy would lead me one step farther, namely, to the beliof
that all animals and plants are descended from some one prototype.
But analogy may be o deceitful guide. Nevertheless all living
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things have much in common, in their chemical composition, their
callular structure, their laws of growth, and their liability to in-
Jurious influences. We see this even in so trifling a fact as that tho
same poison often similarly affects plants and animals; or that
the poison secreted by the gall-fly produces monstrous growths.
on the wild rose or oak-tree. With all organic beings, excepting.
perbaps some of the very lowest, sexual reproduction seems to be
essentially similar.  With all, s far as is at present known, the
the same; so that all orzanisms start from a
If we look even to the two main divisions—
namely, to the animal and vegetable kingdoms—certain low forms
are so far intermediate in character that naturalists have disputed
to which kingdom they should be referred. As Professor Asa Gray
remarked, “ the spores and other reproductive bodies of many
“of the lower alge may claim to have first a characteristically
“animal, and then an unequivocally vegetable esistenco.” There-
fore, on_ the principle of natural selection with divergence of
character, it docs not seem incredible that, from some such low and
intermediate form, both animals and plants may Lave been de-
veloped ; and, if we admit this, we must likewise admit that all
the organio beings which have ever lived on this earth may be
descended from some one primnrdinl form. But this inference is
Briled on acalogy, wod i imateial whathe or ot
it be accepted. No doubt it is pms s Mr. G, H. Lewes has
urged, that at the first commencement P many different; forms
were evolved ; but if so, we may conclude that only a very few
have left. modified descendants. For, as I have recently remarked
in regard to the members of each great kingdom, such as the
Vertebrata, Articvlata, &c., wo have distinct evidence in their
embryological, homologous, and rudimentary stroctures, that
ithin each kingdom all the members are descended from a singlo
Progenitor. -

When the views advanced by me in this volume, and by Mr.
Wallace, or when analogous views on the origin of species are
generally admitted, wo 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 a true specics. This, I feel sureand 1 speak after experience,
vill be no slight relief. The endless disputes whether or not some
fifty species of British brambles are good species will cease.  Syste-
matists will have only to decide (not that this will be casy) whether
any form be sufficiently constant and distinct from other forms,
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to be capable of definition ; and if definable, whether the differences
be sufficiently important to deserve a specific name. This ltter
point will_ become a far more essential consideration than it is at
present;; for differences, however slight, between any two forms,
if not blended by intermediate gradations, are looked at by most
naturalists as sufficient to raise both forms to the rank of specics.

Hereafter we shall be compelled to acknowledge that the only
distinction. between species and well-marked varieties is, that the
latter are known, or believed, to be connected at the present day by
intermediate gradations, whereas species were formerly thus con-
nected. Hence, without rejecting the consideration of the present
existence of intermediate gradations betsveen any two forms, wo shall
e led to weigh more carefully and to value higher the ‘actual
amount of difference between them. It is quite possible that forms
now generally acknowledged to be mercly varieties may hereafter
e thought 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 as those naturalists treat
genera, who aduit that genera are merely artificial combinations
made for convenience. This may not be o cheering prospect; but
‘we shall at least be freed from the vain search for the undiscovered
and undiscoverable essence of the term s

The other and more general departments of natural history will
ise greatly in interest. The terms used by naturalists, of afinity,
relationship, community of type, paternity, morphology, adaptive
characters, rudimentary and aborted organs, &c., will cease to be
‘metaphorical, and will bave a plain signification. When we no
Tonger look at an organic being as a savage looks at a ship, s some-
thing wholly beyond his comprehension; when wo regard every
‘production of nature as one which has had a long history ; when we
contemplate every complex structure and instinet as the summing
up of many contrivances, each useful to the possessor, in the same
way as any great mechanical invention is the summing up of the
Labour, the experience, the reason, and even the blunders of nume-
rous workmen ; when we thus view each organic being, how far
more interesting,—I speak from experience,—does 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 correlation, on the effeets of use
aud disuse, on the direct action of external conditions, and so forth.
"The study of domestic productions will rise immensely in value. A
new varicty raised by man will be a more important and interesting
subject for study than one more species added to the infinitude of
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alreadly recarded species. Our classifications will come to be, as far

ey can be so made, genealogies; and will then truly give what
may bo called the plan of creation. The rules for classifying will
o doubt become simpler when we have a definite object in view.
We possess no pedigrees or armorial bearings 5 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 in-
erited. 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
fossls, will aid us in forming a picture of the ancient forms of life.
Embryology will often reveal to us the structure, in some degree
abscured, of the prototypes of each great class.

ien we can feel assured that all the individuals of the sume
species, and all the closely allied species of most genera, bave within
& not very remote period descended from one parent, and have
‘migrated from some one birth-place; and when we better know
the many means of migration, then, by the light which geology
now throws, and will contimue to throw, on former changes 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 inbabi-
tants of the whole world. Even at present, by comparing the
differences between the inhabitants of the sea on the opposite sides
of a continent, and. the nature of the various inhabitants on that
continent in relation to their apparent means of immigration, some
light can be thrown on ancient geography.

The noble soience of Geology loses glory from the extremo
imperfoction of the record. The crust of the earth with its em-
‘bedded remains must not be looked at as a well-filled museum, but
8 & poor collection made at hazard and at rare intervals. Th
mulation of each great fossiliferous formation will be rocognised as
having depended on an unusual concurrence of favourable circum-
stances, and. the blank intervals between the successive stages a8
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 proceding and succeeding organic forms. We must be cautious
in attempting to correlate as strictly contemporancous two forma-
tions, which do mot include many identical species, by the general
succession of the forms of life. As species are produced and ex-
terminated by slowly acting and still existing causes, and not by
miraculous acts of creation ; and as the most important of all causes

organic change is one which is almost independent of altered
and porhaps suddenly altered physical conditions, namely, the
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mutual relation of organism to organism,—the improvement of
one orgunism_ entailing the improvement or the extermination
of others; it follows, that the amount of organic change in the
fossils of conseoutivo formations probably serves as o fair measurg
of the relative, though not actual lapse of time, A number of
species, however, keeping in a body might remain for a long period
unchanged, whilst within the sume period, several of these species,
by migrating into new countries and coming into competition with
foreign associates, might becomo modified ; o that we must not
overrate the accuracy of organio change as a measure of time.

In the fature I seo open fields for far more important researches,
Psychology will be securely based on the foundation already well
laid by Mr. Herbert Spencer, that of the necessary acquirement
of each mental power and capacity by gradation. Much light will
e thrown on the origin of man and his history.

Authors of the highest eminence scem to be fully satisfied with
the view that each species has been independently created. o my
mind it accords better with what we know of the laws impressed on
mattor by the Creator, that the production and extinction of the
past and ‘present inhabitants of the world should have been due to
secondary causes, like those determining the birth and death of the
individual.  When I view all beings not as special creations, but
a5 the lineal descendants of some few beings which lived long before
the first bed of the Cambrian system was deposited, they seem to
me to become ennobled. Judging from the past, we may safely
infer that not one living species will transmit its unaltered likeness
to a distant futurity. And of the species now living very few will
transmit progeny of any kind to o far distant futurity ; for the
manner in which all organio beings are gronped, shows that the
greater number of species in each genus, and all the species in
many genera, have left no descendants, but have become utterly
extinct. We can so far take a prophetic glance into futurity as to
foretell that it will be the common and widely-spread species,
belonging to the larger and dominant groups within each class,
‘which will ultimately prevail and procreate new and dominan
species. As all the living forms of life are the lineal descendants of
those which lived long before the Cambrian epoch, we may fec
certain that the ordinary succession by generation bas never once
been broken, and that no cataclysm has desolated the whole world.
Hence we may look with some confidence to a secure future of
great length.  And as natural selection works solely by and for tho
200d of each being, all corporeal and mental endowments will
4o progress towards perfection.
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Tt is interesting to contemplate & tangled bank, clothed with
many plants of many kinds, with birds singing on the bushes, with
various insects flitting about, and with worms crawling through
the damp carth, and to reflect that these elaborately constructed
forms, so different from each other, and dependent upon each other
in so complex a manner, have all been produced by laws acting
around us. These laws, taken in the largest sense, being Growth

with Reproduction ; Inheritance which is almost implied by repro-
ductions Variabilty from the indircot and direct ation of the con-

jons of life, and from use and disuse: a Ratio of Increase so high
a8 to lead to & Strugglo for Life, and as & consequence to Natural
B i ivercis of Cliaracior said the Extinction of
Jess-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 production of the higher w als divetly
follows. There is grandeur in this view of life, with its several
powers, having been originally breathed by the me into a few
forms or into one ; and that, whilst this planet has gone cycling on
according to the fixed law of gravity, from so simplo @ begiuning
endless forms most beautiful and most wonderful have been, and
are being evolved.

GLossATY.
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GLOSSARY

or g

PRINCIPAL SCIENTIFIC TERMS USED IN THE
PRESENT VOLUME.*

Lol gy

~—Forms or groups of animals or plants which deviate in im-
Jortant churacters from eher nearst allie 50 28 mot to b osly i
cluded in the same group with them, are said to be aberrant,

ABERRATION (in Optios).—In the refraction of light by a convex lens the

e I e brought b0 a foens at
¢ distances—his i il pherzl aborration; at. the

s e e eloupsd e SRS G D T
he lons and likewise brought to a foous at diffrent istamces,—-ths
chromatisaboration,

ABNORMAL—Contrary to the general rule.

ADORTED, —An organ is id t be aborted when it development has beon
arrested at a very o

Ristfiten hich the wnal colourng maters
characteristic of the species have not been produced in the skin and its
i e i e

022 clss of plants ucluing tho ortinry seacweeds and the fla-
‘mentous fresh-water
Aumagsanios or stm.\'no“ s term is aplie to o penlnr mode
reproducton which p ‘many of the lower animals, in
wlmh the egg produce v o st Seren o 1 gt ot
From whichChe patent-forn 1s reproduced by A procks of e
by the division of the substance of the fist product of

Amusrrsa—). group of ftl, syl chaberd shlly g to the
isting yasly Nantiluy but bavin tween the chan-

o plkniod passors i i et L
wall of the shll.

ANALOGY.—That resemblance of structures which depends upon
Larity of uacion,as in th wings o st ud e Such Sructures

21t bo anclaous, and o be andloguesof each other

* Tam indebted to the kindness of Mr. W. 8, Dalas for this Gloseary, which has been
e b sverl rnders v omplained o 10t someof tho s el wer
w.mm!.m. % thera,  Bir, Dallas has endeavoured o give the explanations of the

s popular a G
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:vLE—A minute animal : generally applied to those visible only by
=
—A class of worms in which the surface of the body exhibits a
ors o s dlatino division ko Fings r segment, geacraly prori
wih sppedags s lowmtion 10 with gills. It includes the ordinary
wrie wormtythe sasthwarins, ud the loches
<x.—Joi 4 to the head in Insects, Crustacea and
Centipedes, and F e
AsTiER- summits of the stamens of flowers, in which the pollen or
fertilising dust is produced.
APLACENTALIA, APLAGENTATA or Aplacental Mammals. - See Maminali
AncHETYEAL=Of or blonging to the Archetyps or del primitve form
upor nwhmh ey oo me rgaaiaet.
b o g e gl citacterd
ully h, BREFL ibcatin o the ey diioud fato wage; st s
eser o les mumberof whichar furnished withJated logs
B T, Grtcomne s Centipors
ASTAMETRICAL. Havmg the two sides unlike.
AmRopmEp—Arrested in development at a very early stage.

Bataxvs.—The genus including the common Acorn-shells which live in
abundance on the rocks of the sea-coast.
B e the Reptiles, b going
s, in which the young animal s generally
aqitio and breathes »y ails.” (Bcamples, Froge, Toads, and Newts)
iDERs—Large transported blocks of stone generally imbedded in clays
or gravels.
B ot i o bt sl
il with o bivalvo sholl attached to submaring hjects by v salk
ch passes through an aperture in one of the valyes, and furnished
with, finged armey by the acticn of which food 1 carvied o the
uth.

Braxcurx—Gills or orguns for respiration in water.
BRANCHIAL —Pertaining to

ChuniAN SysTM.—A Series of very ancient Palozoio rocks, between the
Laurentian and the Silurian. Until recently these were regarde
the oldest fosiliferous rocks.

oo —The Dog fumily, incldin the Doy Wolf,For, Jckaly .

CarapACE—The shell enveloping the anterior part of the body in Cras
ceans generally s applied also to the hard shelly pieces s Grrpaies

Cummoniynous.—This term is sppled to he great formatin; which

umong other rocks, the coal-measures. It belongs to- the
i oy stem of ormations.

CAuDAL0F or belongiag to the tail.

CEPALORoDS.—The highest class of the Mollusca, or soft-bodied animals,
hivactrie by having the mouth sursoundsd by & greater or less
number of fleshy arms or tentacles, which, in most living species, ar
Taraished with sueking-aupe. . CBeumpia, Cutlo-fab, Natilun)

CErACEA.—An order of Mammalia, including the Whales, Dolphins, &c.,
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having the form of tho body fish-lke,the skin naked, and ony the fore-
limbs developed.
CrEroNIA—An nn\er of Reptiles including the Tartles, Tortoises, &e.
CHmRIPEDES.—An order of Crastaceans including the Barnacles and Acorn-

Sl Tt il resemble thoseof many aher Crustaceans i form
ut when mature they are always attached to other objects, cithes
diectly o by means of A stalk and. theis bolies ‘e esotord by
ealearcous shell composed of several pieces, two of which can open to
give issue to a bunch of curled, jointed tentacles, which reprosent the
Timbs.

Coccus. nus of Insects including the Cochineal, In these the male
is a minute, winged fy, and the female gzne.mllyl ‘motiouless, berry-

1s s

—A case usually of silky material, in ik et v sl

S doring the secondor resting.stage (pupn) of their existence,
Tho ferm  cocoon-stage ™ Is hers used as equivalent £o  pupastage.

Camoseinuovs.—A term applied to those fruits of the Umbellifers
ki o tos el i et e

Coportna.—Bastlen i ordes of Luvcts, haeing & Miing At e
irs pai of winga mrs or less horny, forming sheaths for the seco
pai, and el méeting in  sysight e down the middl of the
back.

Couun.—A peculss ogan n the fowsrs of Orlidn i which te samimg
style and stigma (or the reproductive parts) are united.

ants in_ which the inflorescenco

consists of numerous small flowers (ﬂmeh) brought together into a

dense hesd, the. base f Which I snclosed by a_ somesnn envélope
(Ezamples, the Daisy, Dandelion, &)

Coxvrnv.x.—The flamentous weeds of fresh water.

CoNGLOMERATE—A rock made up of fragments of rock or pebbles,
cemented together by some other material.

—The second envelope of a flower, usually composed of coloured,

ks organs (ptal), which may b “united by their edges either in

the basal part, or throughs

et L ‘phenomenon, character, &c.,
with another. 3

Comn—A bunch of flowers i which thoe sprnging from th lower

of the flower stalk are supported on long stalks s0 as to be n
e b upper ones.

CorxwEDONS—The first or seed-leaves of plants.

CRUSTACEANS—A class of articulated Lo i
generally more or less hardened b jon of calcareous matter,
breathing by s of gl rdnilrhi= Shrimp, &)

ComOULIO—The old generic. term for the Beetls known as Weevlscha

jointed fect, and by the head being produced

e o e e

CUTANEOUS—OF or belonging to the skin.

DeRADATION.—The wearing down of land by the action of the sea or of
‘meteoric agencies.
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DexoDATION.—The wearing away of the surfuce of the land by water.
DevoNIAN SysTEM or formation.—A series of Palwozoic rocks, including
the Old Red Sandstone.
on DICoTYLEDONOUS PLANTS.—A class of plants character-
el by having two seed-leaves, by the formation of new wood
i bink and e 10 wood (ssogoaous growth) and. by the reticulation
of the vein of theleves. The arte o the flowers are generally in

multiples of f
o sepatation. or discrmiaation of pars or organs
i i smle form f o aro mor o s uniel
tao distinct is the condition of
ar forms.

the ;ppm"llce of the same species g
s i ot of e severnoen it ndividals,
s —A peculiar form of Greenstone.

gsAL—Of or belonging to the back.

EvssraTa—A peculiar order of Quadrupeds, characterised by the absence
st lut th midle acso (font) testh in both juws.” (Beamples
the Sloths and Armadil

BixtaA—The handsned forevings of Bestls, serving is sheatha o the
‘membranous hind-wings, which constitute the trae organs of flight.

ExRyo—The young animsl undergoing development within the egg or
‘womb.

ExRyo106Y.—The study of the development of the embryo.

Exvee.—Peculiar to a given locality.

Esmwormuach.—A division o the clst Crustacs, haing wl the seg-
‘ments of the body usually 4, gills atached to the fect or organs
of the mouth, and the ek fingod with f They are generally

Eocxz.—The earliest of the three divisions of the Tertiary epoch of ge
gists. Rocks of this age g i g R i

jios now Living.
BemexERoUs Iseors.—Insects allied to the May-fly.

FAUSA—The totality of the animals naturally inhabiting a_certain
eouitey or region, or which have lived during a given geological
period.

Foun,—The Cat-fumily.

Bt —faving become wil from a stte of cntivaion or domestication.

Fiota—Tho ttaty of the plints groving mturlly in & owtry, o
daring a given gelogin o

FioRuTs—Flowers imperfectly dcwlolml in some respects, and collected
into a dense spke or head, as in the Grasses, the Dandelion, &c.

'«mu. —o:ur belonging to the fietus, or embyro in course of develop-

A clas of animals of very low oruisation and gnerlly
y, from th i
ate fluments can be fpwn O ol retracted or the i
external objects, and baving a calcareous or sandy shell, usually
diviled ino charabers, and perforated with small apertures,
B

Fouaxiversn
of sl s, having
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FosstuarEnovs —Containing fossls.

FossortaL.—Having a faculty of digging. The Fossorial Hymenoptera are
a group of Wasplike Tnscts, which burrow in sndy sl to make ness
for their youn

Rz Gl Fuu)a.\ small band or fold of skin.

1 (sing, FUNGUS).—A. class of cellular plants, of which Mushrooms,

Toadstolaf enc Moalis ar ol srmplatth

ForcULA—The forked bone formed by the union of the collar-bones in many
birds, such as the common Fowl.

Gatgaxacrous Dinna—An orde of Birds of which thi common Fowl,
‘urkey, and Pheasant, I-known examples.

e/l v oF bt el o B o
Gamana—A welling o not W whIEE et ey v o SR

centre.

Gayom Frsm es covered with peculiar enamollod bony scales.
EGTE e

G Vasious—A minate vescle i the eggs of nimals, from which
the (|e»elopmtnt of the embyro

s e 0 e s i

Yo upon the sasfios of ths ebeths " 1t hlierad”that glasal pirods’
e
the term is generally the Tertiary
e ha i o b o At

GLaxD.—An organ which screesor separates some pecliar produc from
the blood or sap of animals o '

oriman The Sjatior it ey gt asophagus or gullet.
E158.—A Tock approaching granite in composition, bub more o less
nminates and really profuced by the Sltertion’ of a sedimentary

dep its consolidation.

Gnavsgtonsa—Tho se-alled Wadiog bists (Sorks Crune, Sapes, ey

ich e genealy fumishod with long logn b of fathers abore
The hel, and have 0 membranes between the

ey ginchemmtiyes e Bl

a mass of quartz.

Haamnis - Tha oty fo which it sl
‘HeMIPTERA. rder or sub-order of Inseets, characterised by
sion o o Jltad bak o rstrum, and gt s
the basal portion and membranous at the extremity, wh
ench other. " This group includes the various speces of Bug.
"HERaAPHRODITE.—Possessing the organs of both sexes.
Hoouon.—Thak relaton bntwoen parts which ssule fom thei deve-
Topment
win the m of the arm of man, the fore- 1.; of a quadruped, and 1
bird; or in the same individual, as io the case of the fore =
MR and the soguents or rings and hei ppen-
es of which the body of a worm, a centipede, &. is composed. 11
o o cutod il Romolagy The parta which tan 1 puch & Nadon
%o each other are said to be Aomologous, and ane such part or organ
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called the homologue of the other. In different plants the parts of the
flower are homologous, and in_general these parts are regarded as
homologous with leaves.
‘HoworTERA.—AD order or sub-order of Tnsects having (like the Hemi-
ptera) & jointed beak, but in which the fore-wings are cither wholly
menbraious or wholly lsthery.  The Gioude, Frog-hoppers, and

PO i ot s caion o o it puciis
HyNENOPTERA—AR order of Tnsects possessing biting jaws and usually
in which there are a few veiss. Bees a

HypentaophizD—Excessively developed.

fomxEUNONIDE—A family of Hymenopterous insects, the members of
‘which lny their eggs in the bodies or eggs of other insects.

IntaGo—The perfect (generally winged) reproductive state of an insect.

InpionEs —The aboriginal animal or vegetable inhabitants of a country

or region.
INFL0RESOENCE.—The mode of arrangement of the flowers of plans

cilia), by means

onny To miaty pails o Shl T 0. the arde o the vt

INsECrIvoROUS —Feeding on Insects.

INVERTEBRATA, or INVERTEBRATE A“xu&—'ﬂwse animals which do not
possess a backbone or spinal colun

LACUN . —Spaces loft among the tissues in some of the lower auimals,
B oy ids of the body.

Luuu’m\).—l’umi:herl with lamello or little plates.
Lun (bl Lanv.z)—The first condition of an insect at its fssuing from the
2 When i is asually, in the form of 4 grub, caterpillar, o maggot.
LintaeThe upper part of the windpipe opening into the gallet,
LAURENTIAN.—A group of greatly altered aud very ancient rocks, which
foped along the course of the St. Laurence, whence th
n these that the earliest known traces of organic bodies
have been found.
Leamursoss—An axder of plants reprsetad by the common Pess and
having an irregular flower in which one petal stauds up like
wiag, aud the stamens and pstl are enclosed i o shesth formed by two
other petals. The fruit is a pod (o legume).
LENURIDE—A group of four-handed animals, distinct from the Monkeys
2 appronching the lsetivorons Quadrupeds in some,of
Ths mombars ave the sl curvel
e .mmu of a nail upon the first finger of the hind hy
Ak e of Tssts, chracheried by tho passmion of o
Spra praboseis and o four avge more or les scly winge. It ncludes
¢ well-kaows Batterlios aad Moths,
2r2
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Lirrorar.—Inhabiting the seashore.

Korss—A masly depoit of rcent (Post-Tertasy) dte, which ooapie 8
‘great part of the valley of the Rhi

MALACOSTRACK—The higher division of the Crustacen, including the
e ‘Shrimps, &e., together with the Woodlice and

S
Micisri ¢ class of animal, including tho oxlnary by
i sl Man, and characterised by the production
of Tiving young which are nourished. afer birth by milk from the
teats (amma, Mammary londs) of the mother, 4 striking difececo

in embeyoni development has le to th divson of thisclus nfo b
St o oneof these, “m e iy iaEe
ge, & vascular connec ti shasenioy formed between the

emlnvn m| the mother; fidror is
pr incomplete state.
;,,we. Jart of the class, are clled Place
placental mammals, include the Marsapials and Monotromes (Orni
Froapienity
g e e (see MAMMALIA).
MaNDIBLES, in Tns st or uppermost pair of jaws, which are
gnm-m\!y Slid hory, biting organs, - In Birds the term is applied to
h jaws with their Immv coverings. In Quadrupeds the mandible
e
MaRster4. A ondor of Mammali 15 which the young are
very incomplete state of development, and caried by the mother, while
sucking in o ventral pouch (marlpium), Such a5 the Kangaroos,
Gpossans, . (con Marears
Maxiui, i nscts—Tho g
Jm..u ‘and furnished with peculiar jointed appendages
called ,.m,.‘ or foler
Mutax1ss.—The opposite of albinism ; an undue development of colouring
aterial in the skin and its appendages.
Ch e s —Sedimentary rocks which have undorgone alters-
on, generally by the action of heat, subsequeatly to their depos
ey
Motiusea—One of th grst divions of the Aninal Kinglom, incluing
those animals which have a. soft body, usually farnished with a shell,
and in which the nervous i, or cores, prosent o deite genersl
srragemeat, They are gensally known Gnder tho desomisation of
shellf 3 the cuttle-fiah and the commn, mails, whelks, opters
mussels, and cuddﬂ, Sty Gl of t

sel snds up IR m,m.m), pthiiy by
 absence of consecutive layers of wood in the stem (endogenous
gmwtl\), by the veins of the leaves being generally straight, ud by the
0 R e, goaneally I rcdiiplen of thres "(Bsamnple

Brasen Lilin, Orchids, P, k.
MonArxEs.—The accumulations of fragments of rock brought down by

nciers.

MoneHowa

—The law of form or structure independent of function.
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GE—A stage in the development of certain Crusta
(inns), . which they closely resemble the adults of  genus (Myaity
belonging to  slightly lower group.
xT.—Commencing development.
)(A'rumw —Adapted for the e of swimming.

epilly blnging (o the lowev groups. 1 hi sage the amims s
indications of a division into segments,
e p...-. ot fnngsi bt o o of i Sten Seents
Cyelops was described as a distinet genus under the name of Naupliss,
e A R el wings ot
Insects.

Nwozans.—lmperterly dovloped fimals of cortain socal fnsecs (ch ss
Ants ), which perform all the labouss of the. community.
R i B

semi.transparent membrane, which can be
e oy g o P e Reptiles, cither to moderate the

ffcs of a strong lght r 0 sweep pasicles o dut & from the ur
! face of the

OcEutz—The simple eyes or stemmata of Tnsects, usually situated on the
crown of the head between the great compound eyes.

@sormacus.—The gullet.

QoLITIC—A great series of secondary rocks, so called from the texture of
some of its members, which appear to be made up of a mass of small
eqgelie caleareous bodies.

OrEeuLN—A calcureous plate employed by many Molluse 1o close th
aperture of their shel opercular valtes of Cirripedes are those
L e

OuTHoseERMOUS —A. term et B G B
‘which have the seed strai
i ppannlly intermediate between and con-
necting other groups are said to be osculant.
OvA—Eggs.
OVAmUX or OvaRY (in plants)—The lower part of the e Ll
rganaf the lower, containng the ovales o nipen s
B S v s i, 1 ey s
cvnuned oo e Rt
—Bgg-bearing.
i (.,r ‘plants).—The sceds in the earliest condition.

Pacivokrois.—A group of Mammalia, so called from their thick skins,
and including the Elephant, Rhinocéros, Hippopotamus,

PALE0701C.—The oldest system of fossiliferous racks.

PaLpt—Jointed appendages to some of the organs of the mouth in Insects
and Crustacea
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Pasonscsn-

b mm. (see LEGUMINOSz).—The flowers of

these jionacoous, ot butterfly-like, from. the
e SoETAn 0 kM superior petals to the wings of a
butterdly.

PaRAstTE—An animal or plant liviag upon or in, and at the expense of,
another organism,

PARTHENoGENESIS—Th production of living orgunisms from wnimpreg-

o g i,
P

ATep—Supported upon a st or stalk. The poduaculaed sk
s s i s
pmm or Payonts.—The appearance of rogularity of structure in the
flowers of plants which normally bear irregular flowers.
Pivyis.—The bony arch to which the hind limbs of vertebrate animals are
P
e Ieaes of the orola, or secnd izl of arguns i 8 flower.
“They are natally of daloaéa astue'sudl Leighly ol
Pavironrrous—Having flattened, leaf-like twigs or leafstalk:
true leaves.
Puor—The cclouring materel produced gunaaly n the svpstical
ERAE Secreting it are alled pigment.oel:
7. —Bearing leaflets on each sido of a contral stalk.
Pmms.f'l'hc femalo orgns of  flowen, which occupy s
cntro of the oher foral orgus.  Tho pistl s geneally diisibe into
the orary or germen, the style and the stigm
PLACENTALIA, PLAGENTATA, or Placental e e
PuNTIGRADES—Quadrapeds which walk upon the wholo sl of tho fot,
like the Bea
Px..\snc.AR-nmly capablo of change.
PLEISTOCENE PERIOD.—The latest portion of the Tertiary epoch.
Puuuis i plnts)—Tho minuts bud between the sed-eares of newly-
germinated plants,
PuvtoNic to have been produced by i
in the depths of the earth.
The male element in flowering plants; usually a fine dust pro-
anthers, whichy by cotac with tho stgma afts the
. This impregnation is brought about by means
et i ioten i e o B
s e and penetrate through the tissues until they reach the
ovary

Per:

tead of

PO et (lems)e Flewacs Lariigis R
Porxeauous PLaNTS—Plants in which some flowers are unisesual and
others i be

on the same or on difierent plants.
PousoRPIIC—Presenting many forms.

PouraARY..—Tho common structure formed by the cells ofthe Polyass
such as the well-known Sei

Paiesiue.—Capablo ofgrupmg.
PrevorNt.—Having a superiority of power,
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£5.—The feathers forming the tip of the wing of a bird, and in~
serted upon that part which represents the hand of man.

‘Processes.—Projecting portions of boues, usually for the attachment of
‘muscles, ligaments, &e.

PuoroLiS—A resinous material callected by the Hive-Bees from the

uds of various trees.

PromN.—Exceedingly variable.

Puorozos.—The lowest. great division of the Animal Kingdom. These
‘animals are composed of a gelatinous material, and show scarcely any
trace of distinct organs. The Infusorin, Foraminifers, and Sponges,
e R

the development o an Tnsecfromy

in the perfect (winged) reproductive form.. Tn m

B e T P it e

pupal sate of Batterdies.

RADICLE.—The minute root of an embryo plant

RANUS—One half of the lower jaw in the Namoalis, The  portion which
riss to articulate with the skull is cnlle(l the aseending

Roxo.

e eraeipton d A

Specad. Tang in time expresses the dlstzivation of & species or group
through the fox ds of the earth’s crust.

RERINA—The delicate inner coat of the eye, formed by nervous filaments
spreading from the apti nere, and serving for the perception of the
Enprnonsprded by gt

RETROGRESSIO g T LR
Prisches maturity, becorses los perfoctly organised than might &

ed from its early stages and known relationships, it is sai

Uilergo » etrograds dovelopment oF mtamrphoss.

Ruzorons—A class o lowly orgnisd animals (Protosos), haiog o gla-

i h can be protruded in the form of root-

like processes o filaments, which serve for locomotion and the prehen-

sionof o, Tho s imporiat odes s that of the Fortminiers.
T guaviag Mammali, such ss the Rate, Lablie, and

Sqlnrnh They are especially characterised by the possession of
single pair o cliseliko cutting tocth in sch jaw, bnwoen which i
the grinding teeth there is a great

Runos—The Bramble Genus.

RUDDHENTARY.—Very imperfectly developed.

ROMINANTS—The group of Quadrupeds which chew the

ul, such as oxen, shecp, and deer. They are Aiides hosty aad aza
destitute of front ‘teeth in the upper juw.

Sacmar.—Belonging to the sacrum, or the bone composed usually of two
o moe wited vershrs o which the sdes of th pevi n veriobusta
animals are d.

SAImnz.—The gehcmum material of which the bodies of the lowest
animals (Protozo) are

1Lz~ The horny plates with which the feet of birds are generally
more or less covered, especially in front.

SEDIMENTARY FORMATIONS,—Rocks deposited as sediments from water.
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SEGMENTS.—The transverse rings of which the body of an articulate
nmlnnl or Aunclid is composed.

e sLAThe kv b gttt s omitneit e
an oninary Bewaz: They ase arealy Erouai kB RN GIH NN
coloure.

‘SemRATURES—Teeth like those of a sav,

‘Sesive.—Not supported on a stem or footstalk,
SILURIAN SysTEs.—A very ancient system of fos
to the earlier part of the Palzozoic series.
—The setting apart of a particular organ for the perform-

ol funetin
ntral portion of the nervous system in the Verte-
s, ateh, Gesas 50 Y e S A MARMAV O S
um, and gives off nearly all the nerves to_the various organs of the
T

forous rocks belongiug

Seasusa—The malo organs of fovering late,standing fn  cirl withia
the polals. They masally conieiota st lasta husl the
auiher ‘beiog the cmential part in which the polles, o fecundating
dust, is formed.

SrERNUM.—The breast-bone.

SriGxA.—The apical portion of the pistil in flowering plas

Sriruses—Small leafy organs placed at the base of the sl of the

Jewrr i ey plas

1 — f the petet il which rises like columa
o orazym e SN e e
Gl S sl
SucrorTAL.—Adapted for sucking.
SuUrREs (in the skull)—The lines of junction of the bones of which the
skull is composed.

‘Tazs0s (pl. Tarst)—The jointed feet of articulate animals, such as Tosects,
TELBOSTEAN Fisinis.—Fishes of the kind fumiliar to us in the present day,
aing the kalaton usally compltly oiiedsn the sals by,
TENTACULA 0 —Delicate fleshy orgas of prehension or touch

possessed by iy Fodi i
TaRTARr.Tho latst. genlogical apochy
lishmant o th prosent i oiites
:a.—The wind-pipe or passage for the admission of air to the lungs.
e WA e composed of three movable parts attached
to 3 common buse

iately preceding the esta-

t resembling
the Woslico I xtertal v and ke snen of thetty capable of rolling
themselves up into a ball. Their remains are found only in the Palzo-
i Tocks, ad moet abundantly i those O Sirian ager

TRINORPHIC.—Presenting three distinct forms.

Usttrzn—An orlr of plants in which the flowers, which conaln
five stamens and a pistil with tuwo styles, are supported upon f
which eping from the top o 3¢ s ot etams Radtegestd ot 1 hke e

ires of an umbrella, s0 4s to bring all the flowers in the
£ Cumbty maaely o the somn Lt (Smermsiot R eka (.mu'..)
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UsGuLATA—Hoofed quadrupeds.
UNIOELLULAR—Cousisting of a single cell.

VascurAR.—Containing blood-vessels.
Vemrrors—Like a worm.
VERTEBRATA: or VERTENRATE ANINATS—Tho highest division of the
animal kingdom, s0 called from the prosence in most cases of a backe
umerous joints or ertebra, which constitutes the
centre of the skeleton and at th samo time supports aud protects
the central parts of the nervous system.

Waonia—The cisoles or pirl lnes in which the parts of plnta are
e
RKERS —Seo Nouters.

Zoferaor—Tho welt tage i th devalopment of many f the bigher
stacen, 50 callod o to thse young
tmals i thy e uppoed o eonsinie o o genus,
ms.—ln many of the lower apimals (suoh s tho Corals, Moduse, &)
mpmdnmon takes place in_ two ways, namely, by meaus of eggs and
s of bulding withor without aprition from tho parent of
J ho pmlm of tho latter, which is often very different from that of the
o individulity o o the species s Tapraseuted by the whalo of
e e ot oductions; and these forms,
‘whic o appareatly idividual animale, havo been clled Ao

IpEX.
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A
Apmuaxe groups, 970
Kbyssiia, plants of, 340,
‘Acsimatisation, 113.

X'

—— of organic bei g-,s.s.

Agastz, on Amblyopsis,

——, on_groups of !P!cte! Suddenly
" appearing, 280,

——, on prophetic forms, 301,

— on embryological succession,
310,

—, on the Glacial period, 5
B e e,

368.

—on thelatst tetiary form, 273,

of embryological
evslopment and goologieal sue-
cession, 396.

—, Alex., on pedicellariz, 191.
g of New Zealand, 338.
Allgators, male fting, 60

ru; ions, 3
Ambiyopit bind i, 115,
Americy, Nort Pmductwns allied to

those of Europe,
e e el glaciers of,
835.
=i
on’ west cons
e i sxtinction o 807,
Auagallis, sterility of, 236.
Aaslgy ofvaiations, 17.
Ancylus, 34
Autaman oinds inbabited by tod,

b, 10, modern formatins

Anmmh not domesticated from being
variable, 13.
e dumune, descended from seve-
—— nuhmmnmtlon of, 112,
— of Australi
i ket n o Lclimates,

Animals, blind, in
i tsain 310,
Anom

Ammm TR

Antechnus, 573,
Aatsatending aphides 207,
— slave-making instinct, 217,
e, sructure of 29,
Apes ot hvlag sequied itelctual

wers, 1
it itenied by aats, 207,
‘phis, developmeat o, 330.

Archooptery, 2
Archiag 1. d

% i
speci

e mtiny A1,
scension, plants of, 47,

Asulzyms, polle o7 151,

o

e ,u,,m 1o,

improved by selection, 80.
teushus, 105.
‘Aucapitaine, on land-shells, 35
Audubon, on habits of frigate-bird,

142,
— on variation in birds' nests,
208.

, on heron eating sceds, 546,
Kustrali, animals of 90,

—— extinct ‘animals of, 310.
—— European plants in, 357.
— glaciers of, 335.
Azara, on flies destroying cattle, 56,
Azores, flora of, 328,
B
Babington, Mr, on Briih plant, 57
Baer, Von, standard of Highness,
S
Taoa.
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INDEX,

cATTLE.

e embryonic similariy of
the Vertabrata,
S 8o thegiraffs, 176,
Bnlaucnmznt of growth, 117.
Baleen,
Barbern, ., ﬂawen
arran @S e

201
— ‘on the succession of species,
P

—oon, pardleion of palaszsio
_ formations, 30
e a0 acient s GiRY
a0
Barriers, importance of, 817
, on mimetic butterflies,

Bates, M
875,876,
Batrachians on islands, 3
Bate how structurs ac v|u|rml 140,
ribution of, 351,
Bear, catching water-lnscote, 141,
eauty, how aoquied, 169, $14.
Bee, sting of, 1
e k\ﬂmg rivals, 164,
ustralian, extermination of,

- Tertilising flowers, 57.
— hive, not sucking the red clover,
5.

—, Ligurian, 7
— Hive, cell- mnkmg intinet, 230,
—, vaviation in habi

— parasitic, 215,
—— humble, cels of, 22

Bectlos, winglv n Madel, 109,
Sompith defcint ars, 103,

Beotham, Mr, o 3 1. plasts, 37

udeEoativn
l]ukeley, o s e

Bermida,bide o, 34
Birk hegalring far, 208,
— beauty of, 161,
e o Attnti 20,
—— colour of, on cntinents, 1
Tttap, wad semalns o 1o
Tcdoniary Todks, 364,
, fosi, in cavos of Brasil, 310.
—, of Madeira, Bormuda, and Ga-

— trunportog seeds, 528,

— wmgls«, ms 140,

Bizcacha, 318,

istinctaess of Indian

——, on striped hemionus, 125,
n crossed geese, 240,
B«nuw Mr, on the Speaiah poiater,

Bmv m Batrachians, 350,
Beruek Mot Chthamalus,
284

Boulders, rraticy on the Agores, 328,
Branchis, 1

bar et
Breun, l’mf o0 the i
Brent, Hes of hn\un-tumblen 210,
Britain, mammals of,
oo Poety ok Mekat Selection,

0.

176.
Broun, Prof, on duration of specific
forms,

——, various abjections by, 17
i nmittion, 366,
——, Sequard, on inherited mutila-

g ux.
Busk, M., on the Polyzon, 193,
Butteries, mimetic 375, 370
Buzareingies, on sterility of varieties,
258,

(3
Cabbage, varieties of, crossed, 78.
Calceolaria,
Canary-binds sterility of hybrids,

(,ape de Verde islands, productions of,

et o bl i
Cape. of Good Hope, plants of, 101,
4.
Carpenter, Dr, o foramiifer, 05.
Carthamus, 173.
Catasetum, 155, 872.
Cats, with'blus eyes, deaf, 9.
—— vuraton i habits o, 200,
urling tail when going to
pring, 105,
Catle detroying fetroo, 8.
y flies in Paraguay,

Darwin Online: By permission of the Trustees of the Natural History Museurn
(London).



INDEX.

cxTrze. coviER. 445
l, breeds of, locally extinct, 86. | Cockroach, 50.
Bl | Citon, palsontologas, oo,

Throeds, HL
Tninn,

Cave, ...J..h.me, ot, blind, 110.
myia,

Celts, pmvmg luhqully of man, 13

Centres of creatior

Captalopode L o[eye-, 151,
velopment;of

c:;«:,(mu.x, "l af 185,

Cetacea, teeth , 115,
= Gerlopmeny e e whalebone,

WA
Ceylon, plants of, 338,
CHalk mation, 97
Characters, divergence o
B, verkoln 116, 185
— adaptive or analogical, 373.
Charlock, 59.
Checks o 1o o 32
g iy
Chela of G 195
e e
Chironomus,its asexual reproduction,
587.

Chthamalin, 271.
Chthamalus, cretacean species o, 284.
Circumstances fivourable to seléction
of domestic products,
atural x»len(wn, 80.

Cirripeles capable of crossng, 79.
— carpace aboriel, 116,
— their ovigerous frena, 148,
Ty

Gt

Clapared n the hair-claspers
o Ao, 155,
Clarke, Rev. W. B, on old glaciers in

S S R
112, G v

Climbing plants, 147.

s leelopméat of, .
Clovir visited by bees, 75,
Calits el of, 147

270.

Colour, influenced by climate, 107.

—, in relation to attacks by fiies,
150

Columba livia, parent of domestic
igeons, 17.
Colymbetes, 345,
Compensation of growth,
Composita flowers and i of, 115,
., outer and inner florets of, 173,
male lowers o, $98.
Jasion, g
Condiing, ol b i Al
able to fertility, 251
Convergence of genera, 100,
Conty 142 &
o 0 e
lariaionof the peried of repro-
oral- Seeds drifted to, 3
iy oot
26.

arth, 32
Comeerake, 14,

Correlated variation in domestic. pro-
ductons 8.

Coryanthes,
Cration, ».(.m centres of, 820,

Gra
267, 269.
—; on the age of our oldest orm-
ations, 286,
——, on alternate Glacial periods in
the North and South, 336.
Crosses, reciprocal, 244.
Crosing o doms ctic animals, import-
oo i altering brveds, 1.
 advantages of, 76, 17.
— unfavourable to sel

on subaerial denudation,

ion, 80.

Crger, Dryn Coryathes, 153,
Crustac w Zealand, 3
Cxusluem uma o,

o

Cryptocerus, 251,

Gtenomys blind, 110,
gt of 205,

" che, 103,

s ﬁvghl of
e sl g
Curmmte eeafis o 246
Currents of sea, rate
Goren a contton o sscacs, 205
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Cavior,on fosil monkys, 283, 284,
Fred., on instinet,
Cyelostoms, resisting salt wam, 853,

LI
an Felations of crustaceans of
Ja,m,
on_crustaceans of New Zea-
lnnd 38,
. Dr. on eozoon,
De Candolle g P

n general affnities, 379.
De Ca Lnndnlle, Alph, on the variability
o o st iy il

350,
o widly-anging plans being
vatiable,
— o nnl\lruhntmn 5

n winged
—, on Alpine spenek e e

Degradation of rocks, 266,
Dekuiation, e of 300
— of aldest rocks, 287,
of granitic areds, 274.

et of ancint forms, 307,
Devonian syst
Disathus, frility of croes, 243,
Dimorphiom in plant, 55,252
Dirt on feet of birds, 528,
Dispersal, means of,

ring Glacial period, 380,
Distribution, geographical, 316.
—, meaus of, 325,
Disuse, effects of, under nature, 108,
ivergence of character, 86.
Diversification of means for same
general purpoc, 153,
Phyaclogial, o Iabour, 59,
Dog, m.m».hm of Jow to that of
the Thylacinus, 3
Doge o, with perfittoth, 0.
o Jecsndedfrom serenl wild
stocks,
i instints of 210,

Dogs, inherited civilisa
— fertility of breeds wgether, it
— —— of crosses, 25
— proportions of \wdy in different
breeds, when young,
Dornastication, esiibt a8,
Double flowers, 3.
g, Mr, on rlttres n Ame-

Dragon- e intesines of, 147,
Drift-timber, 3
Driver -t 398,
Drones killed by other boes, 164,
Duck,dometic wings of, reducd, 8
—— beak of, 15
loger endet, 140,

Duckweed,

Dugong:aitosof, 365,
yung-beetles with deficient tarsi, 108,

Dytiscus, 345.

3
Barl 0. W, on the Malay Avchipe-
1.

o dmnpmg, in domesicanimal, .
rudimentary,
Barth, leedx i rooe oftnes, 826.
with seeds, 328,
mmdmu, their pedicellaria,

Enm, 230,
Economy of organisation, 117
m;mm Soeth and b, 115
—, fossil species of,
Biwdiaa Miner. e logial
division of labour, 8.
—— on gradations of structure, 156.
——. on’ embryalogical characters,
568,

Eggs, young hirds escaping from, 68.
E yptypwg\uclwm of, not. modified,

Hlootre organs, 150,
Elephant, rate of increase, 51,
—, of Glacial period, 113,

Epilepsy inheri
B, sragets o, 48,

-, conditions of, 167.
Extinction, as bearing on nataral
selection, 96.
— of domestic varieties, 93,

298,
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By st o, 144 Flowers, of composit aad. wnbelc
roecton o abrrtion, 163, | fore
s veduced in moles, i
==, donble, 230.
& Flysch formation, destitate of or-
i, M, on hymemoptes fghting, mains,

— on i hes, 216.
. on Sitaris, 394
Faguer, Dr. on, mturslistion of
‘plants in India, 51.
—, on_clephants and mastodons,

—and Can tler. on mammals of
sub-Himalayan beds, 311,
Falklaad 1.1....1., wolf of, 351,
Faults, 268.
s, marine, 317,
B birds, 211.
s, Young molluses. ad-

hering to
Feilistion iouly efbcte, 154,

Ferlit ofhybris, 258,
ém D cusgs o con-

Fertty of s vasietie, 255.
Fir-trees destroyed by cattle, 56.
—, pallen of, 164,
¥ihfing, 140.
— leeoston, sudden sppeasance

,uhug seeds, 527, 346.
fresh-water, distribution of,

T, gunid,now onfned o freh
water,
B o oo o 0,
g Sweid, lving i frsh water,

—, of southern hemisphers, 338
Fiatish, thir structur

iR s o s wiqieds 140
Flint-fools, proving antiquity of man,

Flnwer, Prof, on the Laryos, 100,
alitherium,
the resemblance between
the s of tho”dog. and Thyla-
cinus,
- o) homology of the fest of
Ftain marsupials,
B s o e a0

B L b il
the Andes,
e e o 1
t Tange of shells in

n poorness of palzontological
ealection, 270,

, on continuous succession ot
genera, 293,

—, on continental extensions, 323,
— o ditribation during Glacial
period,

Al e

Forests, changes in, in America, 58,
Formation, Devonian, 505.
——, Cambrian,

fennnmus, ‘Shickaes o, in Britas

L e mittnt, 277,
Formiaa rufscens, 21
— sguinen, &
! e e of, 281,
Forms, loyly organised, long en-
during, 99.
Eeen, ovigerous, o ciripeds 148,
Fresh-vater production, disperal

pyeg
s Iarge genera
beng closel) alied to other specie,

Frigate bisd, 143,

Frogs on islands, 350.

Frait-trees, gradual improvement of,
2.

i United Staes

e o imatioii
ited States, m,
Fuci, crossed, 24
Fan,thicker 1 cold oimata, 107,
Furse, 385,

6.

Galapagos Archipelag, birds of, 345,
, productions of, 453, 355.

Galaxias, its wide range, 843,

Galeopithecus, 139,
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Gumey incresse of, chosked by ver-

c..mw, ‘on sterility of hybrids, 257,

—— on reciprocal crosses, 2

gt g
cui, 257, 258,

——, on comparison of hybrids and
‘mongrels, 259, 260.

Gaudry, Prof, on intermediate genera
f fossl mammals in Attica, 301,

when rosed, 07.

Goos, fortliy
‘upland,
Gﬂkvc‘ e st

) ey s ottt
aation, 869

Generations, alternate, 357

Geoffroy St. Hilaire, on balancement,
117

—— on homologous organs, 382,
— Isidore, on_variability of re-
w«ed parts, 118,
—, on’ correlation, in monstrosi-
i 5.
— on correlation, 115,
——, on varisble parts being often
‘monstrons,
Foppd d.,mbuem, 516,
aphy,
Ge»lug)v Toars peistaase o)
—imperfection of the record,

Gorrais, Prt, an Typotherium, 802,
Girafle, tail of, 157.
ure of, 177.
Glacial period, 830,
affecting the North and South,

— strueh

s,
Glands, mammary, 189.
<.m=nn, on distribution, 330.
(win-Austen, Mr., on the Malay
g Arhiplago, 380
the, on compensation of growth,

Gomphia, 174,
Gouseberty, grats of, 246
Gonld, Dr. Aug. A on landshells

O e {birds 107.
——, on fnstinets of cu
o disributon i
birds,
e e e

INDEX.

HELIANTHEMUM.

Grabn, on ho Url lacrymans,
capacity of, 215, 2

Graalie arber, dovudd a7,
s, vureife of 8
Gry,

iy variability of

varia-

—, on seses of the holly, 74,
. on trees of the Unifed States,
",

o gt plants i the
United Stat
o et
e i ool
o ity of niermeliats va
37 epatmaniltn)
ane i,
Grimm, on asexual reproduction, 387.
Groups, aberrant, 875,

7
on the sange of frshwater
" fahes, 2
e Lepidosiren,
399,

b4
Haast, Dr, on glaciers of New Zea-
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