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“Bat 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
interyanitions of Divine power, exerted in each pastcular case, but by the
establishment of general laws.’

WaweLL: Bridgecater Treative.

“The only distinct meaning of the word “natural” is stated, fized, o
setled; since what s natural as much requires and presupposes an intel-
ligent agent to render it s, i, o et it coninually or at tated times,
as what s supernatural o miracalous doos to effect it for once.”

ButLER: Analogy of Revealed Religion.

“To conclude, therefore, let o man out of & weak canceit of sobriety,
# u flhapnliel modecaion, sk o malstaln the s e sk

far or be too well studied in the book of God’s word, or in the book of
Gol’s works; divinity or philosophy ; but rather let men endeavour an
endless progress o proficience in both,”

Bacox : Advancement of Learning.

Doen, Beckenham, Kent,
First Edition, November 24, 1859,
Sicth Bdition, Jan. 1872,
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ADDITIONS AND CORRECTIONS

TO THE SIXTH EDITION.

Noumerous small corrections have been made in the last
and present editions on various subjects, according as the
evidence has become somewhat stronger or weaker. The
more important corrections and some additions in the pre-
sent 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
e sent abroad, it may be of use if T specify the state of
the foreign editions. The third French and second 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
odition, under the superintendence of Professor 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 the third; and a
third American edition has been printed from the fifth
English edition. The Italian is from the third, the Dutch
and three 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 70 THE PUBLICATION OF THE FIRST EDITION
THIS WORK.

1wt here a give a brief sketch of the progress of opinion on the
Origin of Species.  Until recently the great majority of naturalists
elieved 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
life 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 natural t 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

on Aritotle, n s <Physcn Auseltationss” (15,2, xp 5. 2) ater
arking der to make the corn grow, any
oo oo s s i e bt
appie the same argument to organisaton; and adds s trnslated by
Dir. Clair Grece, who first pointed out the passage to me), * So what hinders
th diffrent pasts[of the body] from having this merlyacidental relation
cth for wxample, grow by, acessaty, the
R
ticating the food ; since they were not made for the sake of this, but it
ident, And in like manner as to the other parts in
amadsptationto s nd. Whereoever, there-
fore, ol things togother(that v al the pars of ane whole) bappenad lke
a¢ I they wore made for the ke of something, thee wero presorvely
lavng bon sppropristely e e bmcgiod b
hatsoever things were not thus constituted, w.sh«x and still perish.”
e Rane 10t i of ‘el oo Shadors forth, et
lm.\e Avitotl ully comprebendd tho priniple, i Shown by bis recsarks
n the formation of the
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xiv Historical Sketch.

works e upholds the doctrine that all species, including man, are
descended from other species. He first did the eminent service of
arousing attention to the probability of all change in the organic, as
well as in the inorganic world, being the result of law, and ot of
mirneulou interpsiton. Lamarek s 1 ve boen chiey Lol
o his conclusion on the gradual change of species, by tho diffeulty
varictics, by

of forms in cartain groups, and by the analozy of domestic produc-
tions.  With respect to the means of modification, he attributed
something to the direct action of the physical conditions of lfe,
‘something to the crossing of already existing forms, and much to use
and disuse, that s, to the effects of habit. To this latter agency he
scems to attribute all the beautiful adaptations in nature ;—such as
the long neck of the giraffe for browsing on the branches of trees,
But he likewise believed in  law of progressive development; and
asall the fors of life thus tend to progress, in order to account for
the existence at the present day of simplo productions, he maintaina
that such forms are 1ow spontancously generated.

Geoffroy Saint Hilaire, as is stated in his *Life written by his
son, suspected, as carly as 1795, that R
varlous degenerations of the same type. It was not until 1828
that he published his conviction that the same forms have not been
perpetuated since the origin of all things. Geoffroy seems to have
Tled chieiy on the conditions of life, o the * monde ambiant " 83
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, “ C'est done un probleme % réserver
entitrement & Vavenir, supjosé méme que lavenir doive avoir prise
sur lui.”

* 1 have taken tho dateof the s publicatonof Lamar from T,
Geoffroy Saint Hilaire’s (* H nérale, tom. ii. p. 403, 1859) excel-
lent history of opinion on this Zubject. In this work a fail account is given
of Bulfn's conclusions o the same subjet. It i curlons how largly my
grandfuther, Dr. Exasmus el the views neous

S i akes h. s (vol. ..w S00-010,
ublished ' rdin, . Goooy heve is " dosbe. thak
onthe wes an extreme partisin ot llar views, 2 shown 1 the ntro-
ducton to a work written 1764 and 1795, but ot publshed 4l Joog
rds : he has pointedly remarked ( Goethe als Naturforscher,” voa
Dre Kl Meding, . 35 that the future qutstin o aturitita il b Mo
fus aatance, catlegot thelr horns, and uok o it hey are wed. It 3
rthor s singula Instanc of the mnter i whioh smAes visws o

Gosthe fn Gormeny, D Darwie fn En(hnd,

o Geney Bt i o wo ahal ly ) in Frise came
e sonchutan on the orgi o sécie n the year 1704-5.

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




Historical Sketch. xv

In 1813, Dr. W. C. Wells read before the Royal Society ¢ An
Account of & White Female, part. of whose skin resembles that of
a Negro’; but his paper was not published unil his famous ¢ Two
Essays upon Dew and Single Vision® appeared in 1818, Tn this
‘paper he distinetly recognises the principle of natoral selection, and
this is 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 diseases, he observes, irstly, that all animals tend to
vary in some degree, and, secondly, that agriculturists improve their
domesticated animals by selection ; and then, he adds, but what is
Gone i this latter case * byart, seems to be done with equal efficacy,
though more slowly, by nature, in the formation of varieties of
‘maukind, fitted for the country which they inbabit. Of the acci~
dental varieties of man, which would occur among the first few and
scattered inhabitants of the middle regiofs of Africa, some one
would be better fitted than the others to bear the diseases 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
granted, from what has been already said, would be dark. But the
same disposition to form varieties still existing, a darker and a
darker race would in the conrse of time ocour : and as the darkest
would be the best fitted for the climate, this would at length
become the most prevalent, if not the only race, in the particular
country in which it had originated.” He then extends these same
views to the white inhabitants of 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 tho fourth volume of the * Hortioultural 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 higher and more per-
‘manent class of varietics.” He extends the same view o animals,
The Dean believes that single species of each genus were created
in an originally highly plastic coudition, and that these have
produced, chiefly by intercrossing, but likewise by variation, all
our existing species.

In 1826 Professor Grant, in the concluding paragraph in his
well known paper (Edinbursh Philosophical Journal, vol. xiv.
P.253) on the Spongilla, clearly declares bis belief 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 his 53th
Lecture, published in the *Lancet in 1834,

Tu 1831 Mr. Patrick Matthew published bis work on *Naval
Timber and Arboriculture, in which he gives precisely the same

w 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 8 work on a different subject, so that it remained
unnoticed. until Mr. Matthew himself drew attention to it in the
¢ Gardeners’ Chronicle,” on April Tth, 1860. The differences of Mr.
Mmum view from mine are not of much importance: he seems

der that the world was nearly depopulated at successive
pmod». and then re-stocked ; and he gives as an alternative, that
new forms may be gnnmawd “ without the presenco of any mould
or germ of former aggregates am not sure that I understand
some passages ; but it seems clmz e attributes much influence to
the direet action of the conditions of life. He clearly saw, how-
ever, the full force of the principle of natural selection.

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

Rafinesque, in his *Now Flora of North America, published in
1886, 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
(p- 18) he adds, “except the original types or ancestors of the
genus.”

In 184344 Professor Haldeman (*Boston Journal of Nat. Hist.
U. Staes ol i . 408) han ably given the arguncete for and
lgmlu& the hypothesis of the development and modification of
ies: 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 afier much considera-
tion is, that the several serics of animated beings, from the dmplat
and oldest up to the highest and most recent, are, under the

dence of God, the results, first, of an impulse which has e
imparted to the forms of life, advancing them, in definite times, by
generation, through grades of organisation terminating in the

Darwin Online: By permission of the Trustees of the Natural History meﬂ
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Historical Sketch. xvii

highest dicotyledons and vertebrata, these grades being fow in
number, and generally marked by intervals of organic character,
which we find to be a practical difficulty in ascertaining affnitics ;
second, of another impulse connected with the vital forces, tending,

habitat, and the meteoric 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 not immutable
productions.  But I cannot see how the two supposed “impulses™
account, in a_ scientific sense for the numerous and beautiful co-
adaptations which we sec throughout nature ;  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 earlier editions little
acourate knowledge and a great want of scientific caution, imme-
diately Dad a very wide circulation. In my opinion it has dons
excellent service in this country in calling attention to the sub-
jeet, in removing prejudice, and in thus preparing the ground
for 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 scparately 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 phenomena may have been committed,
we,as yet, are ignorant.” In his Address to the British Association,
in 188, he speaks (p. i) of “the axiom of the continuous
operation of ereative power, or of the ordained becoming of living
things” Farther on (. xc.), after referring to geographical dist
bution, he adds, “These phenomena shke our confidence in the
conclusion that the Apteryx of New Zealind and the Red Grouse
of England were distinct creations in and for those islands respec-
tively.  Always, also, it may be well to bear in mind that by the
word *creation’ the zoologist means ‘a process he knows mnot

b

=

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



Darwin Online: By permission of the Trustess of the Natural History M
‘(London).

xviii Historical Sketch.

what! " He amplifies this idea by adding, that when such cases
as that of the Red Grouse are  enumerated by the zologist as
evidence of distinct 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 th
other, it appears that this eminent philosopher folt 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 thie papers, by Mr. Wallace and
imyself on the Origin of Species, presently to be referred to, had e
read before the Linnean Socicty. When the first edition of this
work was published, I was so completely deceived, as were many
others, by such expressions as * the continuous operation of creative
power,” that 1 included Professor Owen with other palaontologists
4 being firmly convinced of the immutability of species; but it
appears (“Anat. of Vertebrates, vol. iii. p. 796) that this was on
my part a preposterous error. In the last edition of this work [
inferred, and the inference still secms to mo perfectly just, from &
passage beginming with the words  no doubt the type-form,” &e.
(Ibid. vol. i. p. xxxv.), that Professor Owen admitted that natural
selection may have dono 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 extracs from a correspendence
Detween Professor Owen and the Editor of the * London Review,’
from which it appeared manifest to the Editor as well as to myself
that Prolessor Owen claimed to have promulgated the theory of
natural selection before I had done so; and T expressed my surprise
and satisfaction at this announcement s but as far as it is possible
to understand certain recently published passages (Ibid. vol. fil
P-798), L have either partially or wholly sgain fallen into eror.
It is consolatory to me that others find Professor Owen's controver-

L writings as diffioult to understand and to-reconcile with each
other, as T do, As far as the mero enunciation of the principle of
natural selection is concerned, it s quite immaterial whether or
not Professor Owen preceded me, for both of us, us shown in this
historical sketch, were long ago preceded by Dr. Wells and Mr.
Matthews. .

M. Tsidore Geoffroy Saint Hilaire, in his Leotures delivered in
1830 (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 quelle se
perpétue au milien des mémes circonstances modifient,
los_circonstances ambiantes viennent & changer.” “FEn résumé,
Tobseruation des animaux sauvages démontre déjd la variabilité
limitée dles espioes. Les expériences sur les animanx sauvages
devenus domestiques, et sur les animanx domestiques redevenus
sanvages, la démontrent plus clairement encore. Ces mémes expé-
riences prouvent, de plus, que les différences produites peuvent étro
de valeur générique” Tn his ¢ Hist. Nat. Généralo " (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 primordial form. 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 m;

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 remarkablo skill and force. Ho 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 varieties, and from the principle of general
gradation, that species have been modified; and he attributes the
wodification to tho change of circumstances. The author (1855)
bas also treated Psychology on the principle of the necessary
acquirement of each mental power and capacity by gradation.

In 1852 M. Naudin, a distinguished botanist, expressly stated,
in an admirable paper on the Origin of Spocies (*Rovuo Hortioole/
P.102; since partly republished in the ‘Nouvelles Archives du
Moo 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 species, when nascent, were more plastic than at
present, He lays weight on what he calls the principle of finality,
“ puissance mystériense, indéterminée; fatalité pour les uns 3 pour
les autres, volonté providentielle, dont I'action. incessante sur les
dtres vivants détermine, b toutes les Gpoques de lexistence du
monde, la forme, le volume, et la durée de chacun d’eux, en raison
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e sa destinéo dans Tordre de choses dont il fait partie. Clest cetts
puissance qui barmonise chague membro  Tensemble on Pappro-
prinnt 1. foncton il doit rempli dans Torganiame gl do
e Iui sa raison d'étre.

3 a celebrated geologist, Count Koysering (-Bulletn do
1a Soc. Geolog.,” 2nd Ser., tom. X. . 357), suggested that as new
diseases, 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.

Tn this same year, 1853, Dr. Schaaffhausen published an ex-
cellent, pamphlet (‘ Verhand. des Naturhist, Vereins der Prenss.
Rheinlands,’ &.), in which be maintains the progressive develop-
‘ment of organio forms on the carth. He infers that many species
have kept truo 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 extinet by mew creations, but are to
e regarded as their descendants through continued reproduction.”

A well-known French botanist, M. Lecoq, writes in 185
(“Etudes sur Géograph. Bot.,” tom. i. p. 250), “On voit que nos
recherches sur la. fixité ou I variation de Iespéce, nous conduisent
directement, aux iddes émises, par deux hommes justement célebres,
Geoffroy Saint-Hilaire et Goethe.” Some other passnges scattered
through M. Lecoq’s large work, make it a little doubtful how far ho
extends bis 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,

From references in Bronn’s ¢ Untersuchungen iiber die Entwickelungs-
Goestzor it appears that the ceebrated botauist and prleontolgist Ungex

iprosod, in 1831, s smila bt
been maintained by Oken in hi i
‘eferences in Godron's work Sur I'Esphoe, it seems that Bory St. Vincent,
Bardach pmm, b and Fries havo 0 il e species are continu-

el tho thirty-four anthors named in this Hisorcal
Sketoh, who believe in the modification of species, or at least disbelicve in
separate acts of P b
natural geology.
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ot & casual phenomenon,” or, as Sir Jobn Hzru:hel expresss it,
“a atural in contradistinction to  miraculous

"The third volume of the ¢ Journal of the Linnean Sty o
tains papers, read July 1st, 1858, by Mr. Wallace and myself, in
which, us stated in. the introductory remarks o this volume, the
theory of Natural Selecunn is promulgated by Mr. Wallace with
admirable force and cleart

Von Har,fowari whotm a1l sologes Lo profound s rospet,
expressed about the year 1859 (see Prof. Rudolph Wagner, * Zoolo-
gisch-Anthropologische Untersuchungen,’ 1861, 5. 51) his convie-
tion, chiefly grounded on the laws of geographical distribution,
that forms now perfeotly distinet have descended from a single
pareat-form.

In 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 dificult to comprehend the meaning
of such fucts as these, if we suppose that each species of animal
and plant, or each great type of organisation, was formed and
placed upon the surface of the globe at long intervals by a distinct
act of creative power; and it is well to recollect that such an
A U isocporied by trditon o sovlstion 8 1t
opposed to the general an nature. I, on the other hand,
we view ¢ Pemsunt'iypm in relation to that hypothesis which
supposes tho species living at any time to be the result of the
gradual modification of pre-existing species—a. hypothesis which,
thovgh unproven, and sadly dumaged by some of its supporters,
is yet the only one to which physiology londs any countenance ;
their existence would seem to show that the amount of modification

very small in relation to the whole series of changes which they
bave suffered.”

In Deocmber, 1859, Dr. Hooker published his ¢ Tntroduction to
the Australian Flora, Tn 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 observa

The first edition of this work was published on November 24th,
1559, . the sesond editon om Jaauary Tth, 1660,
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ORIGIN OF SPECIES.

INTRODUCTION.

Wik on board HLM.S. Beagle, as naturalist, T was much struck
with certain faots in the distribution of tho organio beings inbalbit-

. South Amrica, and in the geological relations of the prosent to
the past inbalitants of that contiment. Theso acts, a will bo seen
in the latter chapters of this volume, scemed to throw some light
on tho origin of specics—that mystery of mysteries, as it has been
called by one of our greatest philosophers. On my return home, it
oceurred to mo, in 1837, that something might perhaps be made out

sorts of facts which could possibly have any bearing on it. Afer
five years’ work 1 allowed myself to speculate on the subject, and
drew up somo short notes ; these T enlarged in 1844 into a sketch.
of the conclusions, which then scemed to me probable : from that
period to the present day 1 have steadily pursued the same object.
1 hope that 1 may be excused for entering on these personal details,
as I give them t0 show that I have not been hasty in coming to &
decision.

My 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. T have moro
especially been induced to do this, as Mr. Wallace, who is now
studying the natural history of the Malay archipelago, has arrived
at almost exactly the same general conclusions that 1 have on the
origin of species. In 1858 he sent me a memoir on this subject,
with a request that T 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 . 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-
sor

lhis Aliirat, which T s gubliah, s neommaily o Ju-
perfoct. 1 canmot. here give references and. authorities o my
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- Introduction.

soveral statements ; and T must trust to the reader reposing somo
confidenco in my accuracy. No doubt errors will have crept in,
though I hope I have always been cautious in trusting to good
authoritics alone. I can here give only tho general conclusions at
which 1 have arrived, with o few facts in. illustration, but which,
1 liope, in most cases will suffice. No one can feel more sensible
than I do of the necessity of hereafter publishing in detail all the
faots, with references, on ¥ hich my comalusions bave been grounded
and I hope in a future work to do this. For T am well aware that
scareely a singlo point is discussed. in. this volume on which facts
cannot be adduced, often apparently leading to conclusions directly
opposite to those at which I have armived. A fair result can be
obtained only by fully stating and balancing the facts and argu-
‘ments on both sides of cach question; and this is here impossible.

T much regret that want of space prevents my having the satis-
fuction of acknowledging the generous assistance which I have
received from very many naturalists, some of them personally un-
Jnown to me. 1 cannot, however, let this opportunity pass without
expressing my deep obligations to Dr. Hooker, who, for the last

ears, has aided me in every ;m-ibla way by bis large stores
of knowledge and his excellent judgms

In considering the Origin of swm, o quite conceivable that
a naturalist, reflecting on the mutual affnities of organic beings,
on their embryological relations, their geographical distribution,
geological succession, and other such facts, might come to the con=
clusion that species md not been independently created, but had
descended, Tike variotics, from other species.  Nevertheloss, such &
St eveo il i a1 b unsatisfactory, until it
could be shown how the innumerable 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.,
a5 the only possible cause of variation. In one limited sense, a5
w shall hereafter sce, this may be true; but it is preposterous o
attributo to mero external conditions, the structure, for instance, of
the woodpecker, with its feet, tail, beak, and tongue, so
adapted to catch inscots under the bark of troes. Intluunoﬂh

¢ mmlema, which draws its nourishment from certain which
has seeds that must be transported by certain birds, e
flowers with separato sexes absolutely requiring the agency of
certain insects to bring pollen from one flower to the other, it is
equally preposterous to account for the structure of this ite,
with its relations to several distinct organic beings, by the effocts
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Introduction. 3

of txmnl conditions, ot of Labit, or of the volition of the plant

E i, 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 aimals and of cultivated plants would offer
10 b chiknch of maling out this obsoure problem. Nor have

been disappointed ;in this and in all other perplexing cases T
T invariably found e knowledge, imperfect though it be, of
variation under domestication, afforded. tho best and safest clue. 1

ay venture to express my conviction of the high value of such
studios, although they have been very commonly neglected by
naturalists.

From these considerations, I shall devote the first chapter of this
Abstract to Variation under Domestication. We shall thus see that
2 largo amount of hereditary modification is at least possible
what I equllyor mors mpotant, wo lal st Law great s the
power of man in acoumulating by his Selcotion successive slight
variations, I will then pass on to the variability of species in &
stato 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. Wo shall, however, be enabled to
discuss what cireumstances 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
8 Gonk 2 ofMaliks gl s e i suraal s vageatie
Xingdoms. As many more individuals of each species are born than
(o pomDly i a5, ooy, S ¢ o feauetly
recurrng struggle for existence, it follows that any beig, if it vary
however slightly in any mauner profitable to iteelf, under rrpinid
plex and sometimes varying conditions of life, will have a better
chance of surviving, and thus be naturally seected. From the
strong principlo of inheritance, any selected variety will tend to
ropagate its new and modified form.

is fundamental subject of Natural Selection will be treated at

some length in the fourth chapter; and we shall then see how
Natural Selection almost inevitably causes much Extinotion of the
loss improved forms of life, and leads to what I have called Diver-
genco of Character. Tn the next chapter I shall discuss the complex
and littlo known luws of variation. In the five succeeding chapters,
the most apparent and gravest difficulties in accopting the theory
will be given : namely, first, the difficultes of transitions, or bow a.

B2
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4 Introduction.

simplo being or a simplo organ can be changed and perfected into.
a lighly doveloped being or into an claborately constructed orgun ;
sccondly, the subject of Instinct, or the mental powers of animals;
thirdly, Hybridism, or the infertility of species and the fertility of
varietics when intercrossed ; 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 thirteenth, their geographical distribution throughout spaces; in
the fourteenth, their clssification or mutual affiities, 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
remarks.

No one ought to fecl surprise at much remaining as yet un-
explained in regard to the origin of species and varieties, if he make
due allowance for our profound ignorance in regard o the mutual
relations of the many beings which live around us. Who can ex-
Dlain why ono species ranges wide is very numerous, and
why another allied species has a narrow range and is rare? Yot
these relations are of the highest importance, for they determine the
prosent welfure, and, as I belisve, the future success and modification
of every inhabitant of this world. Still less do we know of the
mutual relations of tho innumerable inhabitants of the world during
the many past geological cpochs in its history. Although muck
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 been independently created—is. erroncons,
1 am fully convineed that species are mot immutable; but that
those belonging to what are called the same genera aro lineal
descendants of some other and generally extinct species, in the
same manrier a5 the acknowledged varieties of any ono species are-
the descendants of that species. Furthermore, 1 am convinced
that Natural Sclection has been the most important, but not the-
exclusive, means of modification,
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CHAPTER I.

Variatios UNDER DOMESTICATION.

Grums of Vel — Bl of Tl and b e disuse of Pa
relted Vnﬂ-l(on—ln.heﬂ!anm—(‘lmn er of Domestic Vari

<f Dol Varates
Differences and Origin— Principles of anc
ion«l. their }Jf-v:n—!luhodlm! and hnmsunus Sdzcuon—LVn-
&uown Origin of our Domestic Produc rcumstances favour-
able to Man's power of Selection.
Causes of Variability
Witex wo compare the individuals of the sune variety or sub-
variety of our older cultivated plants and animals, one of the first
Joints which strikes us is, that they gencrally differ more from
cach o than do th indivkduala o any one pecien ot varety in
a state of nature. And if we reflect on the vast of the
plants and animals which have been cultivated, and i heve
ried during all ages under the most different climates and treat-
went, wo . driven 1o coneindo, that thi et vaiability is duo
4o our domestic productions haviog bec er conditions of
e L e e L e
the parent-species had been exposed under nature. There is, also,
some probability in the view propounded by Andrew Knight, that
this variability 1ay bo partly conncotod. with excess of food. It
seems e that, orgaic beings st bo exponed during sevenl
generations to new conditions to cause any great amount of varia-
e e e
ey coninnes rarvig for many generations. No caso i
record of a variable organism. cea
Our oldest cnlu\'ﬂleﬂ plants, such as wheat, still yield ne
ic: oue oldost damestionsed. animals aro sl dapatie of Tapkl
Sprovesant o modlfcasin.

T am uble to judge, after long attending to the subject,
nditons o fs sppesr 1o ast I o wags—dinetly on tho
whole organisation or on certain parts aloue, and indireetly by
Ailoe i o aien silme WAL mvet o the G
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6 Variation under Domestication. Ciar. L.

action, we must bear in mind that in every case, as Professor
Weismann has lately insisted, and as T have incidentally shown in
my work on ‘Varistion under Domestication,” thero are two
factors : namely, the nature of the organism, and the nature of the
conditions. The former seems to bo much the more important ;
for nearly svmxlm‘ variations sometimes arise under, as far as we
can judge, dissimilar conditions ; and, on £he other hand, il
variations arise under conditions which appear to be nearly uniform.
The effects on the offspring are either definite or m\luﬁmle 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. 1t is extremely difficult to come
to any conclusion in regard to the extent of the changes which have
been thus definitely induced. There 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
ate, &. Each of the endless variations which we see 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

o same manner. Such facts as the complex and extraordinary
out-growths which invariably follow from the insertion of a minute
drop of poison by a gall-producing inscet, show us what singular
‘modifications might result in the case of plants from a chemical
ol on

Indefinite variability is a much more common result of changed
AT G et Bt e
important part in the formation of our domestic races, We sco-
bt variabillty T Eho endlem’ sight peotlariie Whicic
tinguish the individuals of the same species, and which cannot be
Socuhial o by tihetitanes from sckon pesuiior SSEREE R
arked differences occasionally
appedr i te youss of He sune Titte, adin ool lnguisie 0
same soed-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 o strongly pronounced as to deserve-
to be called monstrosities arise; but monstrosities cannot be
scparated 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 be
considered as the indefinite effects of the conditions of life on cach
individual organism, in nearly the same manner as a chill affects:
different, men in an indefinite manner, according to their state:
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Cuar. L. Variation under Domestication. v

of body or constitution, causing coughs or colds, rhoumatism, or
inflammations of various organs.

With respect to what I have called tho indirect action of changed.
conditions, namely, through the reproductive system being aflected,
we may infer that variability s thus induced, partly from the fact
of this system being extremely sensitive to any change in the con-
ditions, and partly from the similarit Koireuter and others
bave 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 or unnatural conditions.
Many facts clearly show how eminently susceptible the reproduc-
tive system s to very slight changes in the surrounding conditions.
Nothing is more casy than to tame an animal, and fow things more
diffiult than to 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 stato in their native
country | This is generally, but erronconsly, attributed. o vitiated
instincts. Many oultivated plants display the utmost vigour, and
yet rarely or never seed! In somo fow cases it has been discovered
that o very trifiing change, such as a little more o less water at
some particular period of growth, will determine whether or not a
plant will produce sceds. I cannot here give the details which
T have collected and elsewhero published on this curious subject;
‘but to show how singular the laws are which determine the ropro-
duction of animals under confinement, I may mention that car-
nivorous animals, even from the tropics, breed in this country
pretty frecly under confinomont, with the excoption of tho planti-
grades or bear family, which seldom produce young; whereas
carnivorous birds, with tho rarest excoptions, hardly ever lay fertile
eggs. Many exotic plants have pollen utterly worthless, in the
same condition s in the most sterile hybrids. - When, on the ono
hand, we sce domesticated animals and plants, thongh often weak
and sickly, breeding frecly under confinement; and when, on the

x hand, wo see individuals, though taken young from a state of
nature perfectly tamed, long-lived and healthy (of which T could
give numerous instances), yet having their reproductive system so
seriously affected. by unperceived causes as to fail to act, we need
ot be surprised at this systom, when it does st under confinement,
acting irregularly, and producing offspring somewhat unlike their
parents. 1 may add, that as scme organisms breed frecly under
the most wnnatural conditions (for instance, rabbits and ferrets kept
in hutehes), showing that their reproductive organs are not easily
affected ; so will some animals and plants withstand domestication
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8 Variation under Domestication. Cuar. 1.

o cnlzivntiun, and vary very slightly—perhaps hardly raore than in

stato of nature,
* Some naturalists have maintained that oll variations are con-
nected with the act ol sexual anuh\cuun but this is certainly
an error; for I have given in another work a long list of “sporting
b e called by gardeners ;—that is, of plants which
produced a Singlo bud with & mew and sometimes
i dly different character from that of the other buds on the samo
plant. These bud variations, as they may be named, can be pro-
pagated by grats, offsets, &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
ander diffrent condiions, have sometimes yieled pexly the o
atiely—fr instance, buds on pesciizces producing netaines,
and buds on common pr learly sco
b tho mtnne of the condiions i of subordmato it e
comparison with the nature of tho organism in determining each
particular form of vari l.\uun '—perhn[m of ot more importance than
the nature of the spark, by which @ mass of combustible matter is
iguited, has in determining the nature of the flames.

sudden]

Effects of Habit and f the Tis m Divia of Pty Ot
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 chango may bo safely attributed to the domestic duck.
flying much loss, and walking more, than its wild parents. The
areat and indierited dovelopment of the udders in cows and goats in.
countrics where they are Labitually milked, in comparison with
these orzans 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 suggested that the drooping is due to the disuse of the
muscles of the ear, from. the auimals being seldom much alarmed,
scems probable.

any laws regulate variation, some few of which can be dimly.
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s, e will erair o briefly discussed. T will here only
allude to what may be called corelated variation. Impartant
changes in the embryo or larva will probably entail changes in the
mature animal, In monstrosities, the comelations between quite
dist

tinct parts are very curion
Jsidore Geoffroy St. Hilaires great work on this subject. ~Dreeders
believe 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 boen lately stated by Mr. Tait that this is confined
0 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-
coloured individuals escaj Professor Wyman has recently com-
municated to me 8 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 (Lachuanthes),
which coloured. their bones pink, and which caused tho hoofs of all
but the black varieties to drop off; nnd one of the “crackers”
(iv . Virginia squatters) added, * we select. the black members of o
litter for raising, as they alone have a good chanco of living.” Hair-
less dogs have imperfect teeth: long-haired and coarse-haired
animals are apt o have, as is asserted, long or many horns; pigeons
with feathered feet have skin between their outer tocs; pigeons
with short beaks have small feet, and those with long be
feet. Hence if man goes on selecting, and thus augmenting, any
‘peculiarity, ho will almost certainly modify unintentionally other
parts of the structure, owing to the mysterious laws of correlation.
The results of the various, unknown, or but dimly understood
laws of variation are infinitely complex and diversified. 1t is well
worth while carefully to study the several treatises on some of
aur ad cultivated pants, a8 on the byscinth, iaia, even the
dabli, is really surprising to noto the endless points of
Bt et vt sha yaraios 2 e st
differ slightly from each other. The whole organisation seems to
liave become plastic, and departs in a slight degree from that of the
parental ty)

dntion which is not iuherited s uni mpertant for .
B tho imasber'and diversiy of fnberitablo dov of structure,
ot those of slizht, and those of considerablo phymmuml impor-
tance, are endless. Dr. Prosper Lucas's treatise, in two largo
‘olumes, s tho fullest and the best on this subject. No breeder
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10 Variation under Domestication. Cuap. 1.

doubts how strong is the tendency to inheritance;; that like pro-
uces like is his fundamental beli: doubts have been thrown on
this principle only by theoretical writers. When any deviation of
structure often appears, and wo sce it in the father and child, we
camnot ln\l \vlmther it may not be due to the same cause having
acted on but when amongst. individuals, apparently exposed
to the same conditions, any very rare deviation, due to some
extraordinary combination of circumstances, appears in the parent
—say, onco amongst several million individuals—and it reappears
in tho child, the mere doctrine of chances almost compels us to
attribute its reappearance to mhenlnncc. Bvery one must have
heard of cases of :leumm, prickly ry bodies, &., appearing
in several members of the same fmmly I strange and rare
doviations of structure are really inherited, less strange and com-
moner deviations may be frecly admitted to bo inheritable.,
Perhaps the cor .y of viewing the whole subject would be, to-
Jook at the inheritance of every character whatever s the rule, and
non-inheritance as the anomaly.

The laws governing inheritance are for the most part unknown.
No ono can say why the same pmuhunty in different indi
of tho same species, or in different species, is sometimes inherited
Sirmmasislee - el
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 exclusisely to
thelike sex. It is a fact of some importance to us, that peculiarities
appearing in the males of our domestic breeds ate often transmitted,.
cither exclusively or in 2 much greater degree, to the males alone.

much more important rule, which I think may be trusted, is
that, at whatever period of life a peculiarity first appears, it tends.
to re-appear in the offspring at a corresponding age, though some~
times earlier. In many cases this could not be otherwise; thus
the inherited peculiarities in the horus of eattle 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
e believe that the rule has a wider extension, and that, when
there is no apparent reason why a peculiarity should appear at
any particular age, yet that it does tend to appear in the offspring.
at the same period at which it first aj in the parent. I
believe this rule to b of the highest importance in explaining the-
aws of embryology. These remarks are of course confined to the
first appearance of the peculirity, and not to the primary cause:
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Cuar. L. Variation under Domestication. 1

which may have acted on the ovules o on the male element ; in
nearly the same manner as the increased length of the horns in the
offspring from o short-homed cow by a long-homed bull, though
Setig Iate in lfe, is clearly ¢ ne to the male element.

. Having alluded to tho subjeci of reversion, I may here rofer to n.
statement often mado by naturalists—namely, that our domestic
yacation whin sun i, gradaaly bt nvaialy ovet . chamos
ter to their aboriginal stocks. Hence it has been argued that no
e e o i mowtn speciesin a stato of
nature, I have in vain endeavoured to discover on what decisive
facts th above statement s £0 often and 50 boldly been made.
"There would be great d“‘n‘c\llty in provingits truth: wo may safely
conclude vario-
ties could not possibly et g many cases we do not
know what the aboriginal stock was, and o could not tell whether
or not nearly perfeot reversion had ensued. It would bo necessary
in order to provent the effects of intercrossing, that only o single
variety should have been turned loose in its new home. Neverthe-

s, 4s our varieties certainly do occasionally revert in some 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 effect
would have to be attributed to the definite action of the poor soil),
thit they would, to a largo oxtentyor oven whally, roert to tho

0 aboriginal stock. Whether or not the experiment would

Rl win o st importance for our line of argument ; for by

the experiment itself tho conditions of life aro changed.  1f it could

e shown that our domestio varieties manifested a strong tendency

10 reversion,—that is, to lose their acquired characters, whilst kept

under the same conditions, and whilst kept in a considerable body,

50 that free intercrossing might check, by blending together, any

Sht 1% i s ehotare s taae, T s B

could deduce nothing from domestic variotics in regard to species.

Bt there is not a shadow of evidence in favour of this view : to

assert, that wo could not breed our cart and race-horses, long and

short-horned_caitle, and poultry of various breeds, and esculent
vegelables, for an unlimited number of generations, would be
opposed to all experience.
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Claracter of Domestic Varicties: dificulty of distinguishing
Tetween Varicties and Species ;. origin of Domestio. Varictics
Jrom one or more Species.

When we look to the hereditary varicties or races of our domstic
animals and plants, and compare them with closely allied. species,
e generally perceive in cach domestic race, as already remarked,
less uniformity of character than in true species. Domestic races
oflen ive a somewiat mansrons character; by which I mean,
¢hat, although di m each other, and from other species of
$ho same goous,in several rfing rospocts, thoy ofven difee fn'am
extreme degree in some one part, both when compared one with
another, and maro especially when comparod with tho specis undor
nature to which they are nearest allied. With these exceptions
(and with that of the pertect fertility of varicties when crossed,—a.
subject hereaiter to be discussed), domestic races of the same species
differ from each other in the same manner as do the closely-allied
species of the same genus in a state of nature, but the differencos
i most cases are less in degree. This must be admitted as true,
for the domestic races of many animals and plants have been
ranked by some competent judges as the descendants of aborigi-
nally distinct species, and by other competent judges as mero
varieties. If any well marked distinction existed between a
domestic race and a species, this source of doubt would not so
perpetually recur. 1t has often been stated that domestic races
do not differ from cach other in characters of generic value. It can
e shown that this statement is not correct ; but naturalists differ
much in determining what characters aro of generic values all
such valuations being at present empirical. \\'hcn it is expxmnea
how genera originate under nature, it wil n that we have
20 tight to expect often to find & generic lmn\me of differenco
in our domesticated races.

In attempting to estimate the amount of structural difference
between allied domestic races, we are soon involved in doubt,
from not knowing whother they are descended from one or several

specios—for
instance,of the mmany fozes—_Juhabitng difcrnt quarters of tha
world. T do not believe, as we shall presently sce, that the whole
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Cuar L Character of Domestic Varictics. 13

amount of difference between the several breeds of the dog has been.
produced under domestication ; 1 believ that a small part of the
dilerence is due to their being descende from distinct specics. In
the caso of strongly marked races of some other domesticated
species, thero is presumptive or even strong ovidence, that all are
descended from a single wild stoc

Tt haw often been assumed. that man has chosen for domestica
tion animals and plants having an extrordinary inherent tendency
tovary,and likewise to withstand diverse climates. I do not dispute
thiat 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
generations, and_ whether it would endure other climates? Has
the little variability of the ass and goose, or the small power of
cuduranes of warmth by the reindecr, or of cold by the common
camel, prevented. their domestication? 1 cannot doubt that if
other animals and plants, equal in number to our domesticated.
productions, and belonging to cqually diverso classes and countries,
were taken from a state of nature, and could be made to breed for

1 cqual number of generations under domestication, they would
on an average vary as largely as the parent species of our existing
domesticated productions have varied.

In tho s of most of our,ancently domostcaed: nimals and
plants, it is not possible to come to any definite conclusion, whether
they are descended from one or several wi lhl species. The argument
‘mainly relied on by those who believe in the multiple origin of
domestic animals is, that we find in the most ancient times, on the
wonuments of Egypt, and. in the lake-halitations of Switzerland,
mch diversity in the breeds; and that somo of these ancient
breods closely resemble, or are even identical with, those st
ing.  But this only throws far backwards the history of civil
and shows that animals were domesticated at a much earlier period.
than has hitherto been supposed. he lake-inhabitants of Swit-
zeriand cultivated several kinds of wheat and barley, the pea, the
Yoppy for oil, and flax; and they possessed several domesticated
animals. They also carried on commerce with other nations.  All
this clmdy shows, as Heer has remarked, that. they bad at this.

age progressed considerably in civilisation; and this again
nnpllu o oot reviots paiodof s adthuoed ivilieation;
during which the domesticated animals, kept by different tribes in
ricts, might have varied and given rise to distinot races.

Since the discovery of flint tools in the superfoial formations of
wmany yarts of the world, all geologists beliove that barbarian man

e
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14 Claracter of Domestic Varictics. — Cusnil.

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
domesticated at least, the dog.

The origin of 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
of all known facts, come to the conclusion that several wild species
of Canide have been tamed, and that their blood, in some cases
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 tha
‘these latter have had two or three wild progenitors,—whether ornot
‘theso deserve to be called species. This conclusion, as well as that
of the specifio distinction between the humped and common cattle,
may, indeed, be looked upon as established by the admirable ro-
searches of Professor Riitimeyer, With respect to Lorses, from
scasons which I cannot here give, Iam doubtfully inolined to believe,
in opposition to soveral authars, that all the races belong to the same
specios.  Having kept nearly all the English breeds of the fowl
alive, having bred and crossed them, and. examined their skeletons,
it appears to me almost cortain that all are the descendants of the
vild Indian fowl, Gallus bankiva ; and this is the conclusion of
Mr. Blyth, and of others who have studied this bird in India.
‘regard to ducks and rabbits, some breeds of which differ much from
cach other, the cvidenco 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 distinotive characters be ever so slight, has had its wild proto-
type. At this rate there must have existed at least a score of
species of wild cattle, as many sheep, and several goats, in Europo
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, &e., but that each of theso
‘ingdoms possesses several. peculiar breeds of cattle, sheep, &c., Wo
must admit that many domestic breeds mnst have originated in

they deri

hurope ; is d? Soitis
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Cuar. 1. Domestic Pigeons. 15

inTndia, Even in the case of the breeds of the domestic dog through-
out the world, which I admit are desconded from several wild spe-
cies, it cannot be doubte that thero has been an immense amount
of inherited variation; for who will believe that animals closely
resembling the Htalian greyhound, the bloodhound, the bull-dog,
pug-dog, or Blenheim spaviel, &6.—so ualiko all wild Canide—
ever existed in a state of nature? It has often been loosely said.
that all our races of dogs have been produced by the crossing of a
few aboriginal species3 but by crossing we can only got forms in
some degree intermodiate betwween their parents; and if we account,
for our several domestic races by this process, we must admit tho
former existence of the most extreme forms, as the Italian grey-
hound, bloodhound, bull-dog, &c., in the wild state. Morcover,
the possibility of making distinct races by crossing has been greatly
exaggerated.  Many cases aro on showing that a race may

odified by occasional crosses, if aided by the carefal selection
of the individuals which present the desired character; but to
obtain & race intermediate between two quite distint races, would
be very difficult. _Sir J. Sebright expressly experimented with this
object, 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 seems simple
enough 5 but when these mongrels are crossed one with another for
several generations, hardly two of them are alike, and then the
difficulty of the tasic becomes manifest.

Breeds of the Domstic Pigeon, their Dierences and Origin.
Believing that it is always best to study some special group, T
have, after deliberation, taken up domestic pigeons. I have kept
every breed which I could purchase or obtain, and have been most
kindly favoured with skins from several quarters of the world, more
especially by the Hon. W. Elliot from India, and by the Hon. C.
Murray from Persin. Many treatises in different languages have
been published on pigeons, and some of them are very important,
as being of considerable antiquity. 1 have associated with several
‘eminent fanciors, 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 difference in their beaks, entailing corresponding
differences in their skulls. The carrier, more especially the male
ird, i also remarkable from the wonderful development of the
carunculated skin about the head ; and this is accompanied by
reatly elongated eyelids, very larze external orifices to the nostrils,
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10 LDomestic Pigeons. Ciar. L.

and a wide gape of mouth.  The short-faced tumbler has a beak in
ontline almost liko that of & finch; and the common tumbler hns
the singular inherited habit of flying at a great height in a compact
flock, and. tumbling in the air head over heels. The rant is a bird
o groat sie, with lon massive benk and largo oot ; some of -
sub-breeds of runts have very long necks, others very long
and tails, others singularly short tails. “'he barb is :\H)ul to llw
carrier, but, instead of a long beak, has a very short and broad one,
The pouter has @ much elongated body, wings, and legs; and its
enormonsly developed crop, which it glories in inflating, may well
e e laughter. The turbit has a short and
conical beal, lino of reversed feathers down the breast ; and
6 Saathis habrbof cinitnally, oxpecidiog, aighilysths gk pasieh
the wsophagus. Tho Jacobin has the feathers so much reversed
along the back of the neck that they form o hood ; and it has, pro-
portionally to its size, elongated wing and tail foathers. ~The
trumpeter and lanzher, as their names express, utter a very different
coo from the other breeds. he fantail has thirty or even forty
tail-feathers, instead of tuvelve or fourteen—the normal number in
all the members of the great pigeon family : these feathers are kept
expanded, and are carried 50 erect, that in good birds the head and
tail touch: the oil-gland is quite aborted. Scveral other less
distinch 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. Tho shape, as well as the breadth and length of the ramus
of the lower jaw, varies in a highly remarkable manner. he
caudal and sacral vertebra vary in number ; as docs the number of
the ribs, together with their relative breadth and the presence of
processes._The size and shape of the apertures In the steruia ate
highly variable ; so is the degreo of divergence and rlative size of
the two arms of the furcula. Tho proportional width of the gapo
of mouth, the proportional length of the eyelids, of the orifice of
‘the nostrils, of the tongue (not always in strict correlation with the
Tength of beak), the size of the crop and of the upper part of the
wsophagus ; e dovelopment uad abortion o he ollglnd s the
number of the primary wing and caudal feathers; the relative
length of e wing and tail to each other and to the body; the
relative length of the lez and foot; the number of scutell on
the tocs, the development of skin between the toes, are all points
of structure which are variable. The period at which tho perfeet.
plumage is acquired varies, as does the state of the down with which
the nestling birds are clothed when hatched. The shape and
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. The manner of flight, and in some breods tho
o e poution, dife remagkably. Lastly, in. certain broods,
tho males and females have come to differ in a slight degree from
each other. P
“Altogether at least a score of pigeons might be chosen, which, if
shown to an omithologist, and be were told that they were wild
birds, would certainly b ranked by him as well-dofined specics.
Morcover, T do ot believe hat any ornithologist would in this
‘case place the English carrir, the short-faced tumbler, the runt, the
barh, pouter, and fantail in the same genus; more especially as
cach of theso breeds several truly-inherited sub-breeds, or species, as
Le would call them, could be shown him.
Great as are the differences hetween the breeds of the pigeon,
T am fully convinced that the common opinion of maturalists is
mely, that all are descended from the rock-pigeon
(Columba livia), including under this term several geographical
races or sub-species, which differ from each other in the most trifing
respects. As several of tho reasons which have led me to this
belief are in some degree applicable in other cases, T will here briefly
sive them. 1If the several breeds aro not varieties, and have not
proceeded from the rock-pigeon, they must have descended from at
east seven or eight aboriginal stocks ; for it is impossible to mako
tho present domestio breeds by the crossing of any lesser number:
how, for instance, could a ponter be produced by crossing two
‘breeds unless one of the parent-stocks possessed the characteristic
enomous crop? The supposed aboriginal stocks must all have
Teen rock-pigeons, that is, they did not breed or willingly perch on
trecs, But besides C. livia, with its geographical. sub-species, only
o or three other species of rock-pigeons aro known and these
have not any of the characters of the domestio brecds.~ Hence the
supposed aboriginal stocks must cither still exist in the countries
where they were originally domesticated, and yet be unknown to
omithologists; and this, considering their size, habits, and remark-
able characters, seems improbable; or they must have become
extinet in the wild state. But birds breeding on precipices, and
good fliers, are unlikely to be exterminated ; and the common rock-
Tigeon, which has the sume habits with the domestic Tas
Dot been exterminated even on several of the smaller British islets,
o on the shores of the Mediterrancan. Hence the supposed exter-
wination of so many species having similar habits with the rock-
pigeon seems a very rash assumption.  Morever, the several abovo-
named domesticated breeds have been transported to all parts of the
world, and, therefore, some of them must have been carried back
P
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again into their native country 3 but not one has become wild or
foral, though tho dovecot-pigeon, which s the rock-pigeon ina very
slighly altrsd. tat, s bevomo foral in several places. Again,
all recent nce shows that it is difficult to got wild animals to
breed fre Hl under domestication; yet, on lhc hiypothesis of the
‘multiple origin of our pigeons, it must be assumed that at least
seven or eight species were so thoroughly domesticated in ancient
times by half-civilised man, as to be quite prolific under con-
finernent.

An argument of great weight, and applicable in soveral ofher
cases, i, that tho above-specified broeds, though agreeing generally
with the wild Tock-pigeon in constitution, habits, voice, colouring,
and in most parts of their stracture, yot are certainly highly abnor-
mal in other parts; we may look in vain through the whole great
family of Colurabid for a beal 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. Hence it must be assumed not
only that half-civilised man succeeded in thoroughly domesticating
several species, but that. he intentionally o by chance picked out
extraondinarily abnormal species; and further, that these very
species have since all become extinet or unknown. So many strange
contingencies are improbable in the highest degree.

ts in regard to the colouring of pigeons well deserve
consideration. The rock-pigeon is of a slaty-blue, with white loins;
Tut the Indian sub-specios, C. intermedia of Strickland, has this
port bluish, The tail has s 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 wild
Dreeds, have, besides the two black bars, the wings chequered with
Diack. These several marks do not oceur together in any other
specics of the whole family. Now, in every one of the domestic
reeds, taking thoroughly well-red 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 aro crossed, none of which aro biue or have
any of the above-specified marks, the mongrel offspring are very
apt suddenly toacquire these characters. o give one nstance out of
soveral which T have observed :—T crossed some white fantails, which

vary truc, with somo black barbs—and. it so happens

‘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
i coses ' b wibh o, mrok mbich da's witia B ik ol
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. red spot on the forehead, aud which notoriously breeds very
:::L‘;nm nongrels were dusky and mottled. 1 then crossed one of
the mongrel barb-fantails with a mongrel barb-spot, and they pro-
duced 8 bird of as beantiful a blue colour, with the whito loins,
double black wivg-bar, and barred. and white-edged tail-feathers, as
any wild rock-pigeon! We can understand theso facts, on the
well-known principle of reversion to ancestral characters, if all
the domestic breeds are descended from the rock-pigeon. But if
we deny this, we must make one of the two following highly im-
probable suppositions,  Either, first, that all the several imagined
aboriginal stocks were coloured and marked like the rock-pigoon,
although no other existing species is thus coloured and marked, so
that in each separato breed there might be a tendency to revert to
the very sume colours and markings. Or, secondly, that each
breed, even the purest, has within a dozen, o at most within &
score, of generations, been crossed by the rock-pigeon: 1 say within
a dozen or twenty generations, for no instance is known of c
descendants reverting to an ancestor of foreizn blood, removed by
greater number of generations, Tn a breed which lias been crossed
only once, the tendency to rever to auy chamcter derived from
such a eross will naturally become less and less,as in each succeed-
ing generation there will be less of the forcign blood; but when
thore hias boen 1o cross, and there is a tendency in the breod to
revrt to a character which was lost during some former generation,
this tendency, for all that we can seo o the contrary, may be

itted 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 betsveen all the breeds of
the pigeon are perfectly fertile, as I can state from my own obser-
Vations, purposely made, on the most distinct broeds. Now, hardly
any cases have been ascertained with certainty of hybrids from two
quite distinet species of animals being perfectly fertile. Some
anthors beliove that long-continued domestication eliminates this
strong tendency to sterility in species. From the history of the

, and of some other domestic animals, this conclusion is pro-
bably quite correet, if applied to species closely related to ench
other. But to extend it o far as to suppose that species, aborigi-
nally as distinet as carriers, tumblers, pouters, and fantails now are,
should yield offspring perfectly fertile inter s, would be rash in the
extreme.

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

02
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reed freely under dmnemmmu 3—these supposed specics Deing
quite unkuiown in a wild state, and their not having become any-
where feral ;—these s,»cm presenting mrwm very abnormal cha-
s compared with all other Columbidze, though 5o like the
ck-pigeon in most Tespeots —he o cmom\ Te-appearance of
the bite colour and various back marks in all the breeds, both
when kept pure and when crossed ;—and lastly, the mongrel off-
spring being perfectly fertile;—from  these several reasons, taken
together, o may safely conclude that all our domestic breeds ara
descended from the rock-pigeon or Columba livia with its geogra-
phical sub-species.
In favour of this view, T may add, firstly, that the wild C. livia
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 almost perfect series; 50 we can in some other cascs, but not
with all the breeds. 'hirdly, those characters which are mainly dis-
tinctive of cach breed are in each eminently variable, for instauce
the wattle and length of beak of the carrier, the shortness of that
of the tumbler, and the munber of tail-feathers in the fantail ; and
the explanation of this fact will be obvious when wo 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
carliest known record of pigeons is in the fifth Kgyptian dynasty,
about 3000 1.c,, as was pointed out to me by Professor Lepsius;
but Mr. Birch informs me that pigeons are given in a bill of fare in
the previous dynasty. In the time of the Romans, as wo hear from
Pliny, immense prices wero given for pigeons ; “nay, they aro come
to this pass, that they can reckon up their pedigree and race.”
Pigeons were much valued by Akber Khan in i ot s year
1600; never less than 20,000 pigeons were taken with the coutt.
“The monarchs of Iran and Turan sent him some very rare birds;”
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 cager
ans. The paramount importance
the immense amount of vari-
ation which pigeons have undergone, will likewiso be obvious when
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e treat of Selection.  We shall then, also, see how it is that the
coveral breeds so often bave @ somewhat monstrous charaoter. Tt
35 also @ most favourable circumstance for the production of dis-
et breeds, that male and fomale pigeons can be easily mated for
Jife; and thus different breeds can be kept together in the samo
avia

T have discussed. the probable origin of domestic pigeons at some,
yet quite insufficient, length; because when 1 first 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, or other groups of birds, in nature. One
circumstance has struck mo much; namely, that nearly all the
brewders of the various domestic animals and the cultivators of
plants, with whom I have conversed, or whose treatises T have read,
are finmly convinced that the several breeds to which each has at-
tended, are desoerided from so many aboriginally distinct specice.
Ask, as I have asked, a celebrated raiser of Hereford cattle, whether
his cattle might not have descended from Long-horns, or both from

common parent-stock, and he will lsugh you to scom. 1 have
never met a pigeon, or poultry, or duck, or rabbit fancier, who was
not. fully convineed that cach main breed was descended from a dis-
tinct species.  Van Mons, in his treatise on pears and apples, shows
how utterly he disbelieves that the several sorts, for instance o
Ribston-pippin or Codlin-apple, conld ever have proceeded from the
seeds of the sume tree. Tnnumerable other examples could be given.
Whe explanation, 1 think, is simple: from long-continued study
they are strongly impressed with the differences between the several
races; and though they well know that each race varies slightly,
for they win their prizes 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 geno-
sations.  May not those naturalists who, knowing far less of the
laws of inheritance than does the breeder, and knowing no moro
than he does of tho intermediate links in the long lines of descent,
yet admit that many of our domestic races are desconded from the
same parents—may they not learn a lesson of caution, when they
derido the idea of species in a state of nature being lineal descendants
of other specics ? J
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Principles of Seection anciendly followed, and their Efects,

Let us now briefly consider the steps by which domestio races
have been produced, cither from one o from several allied species,
Some effect. may be attributed to the direct and definite action of
the external conditions of life, and some to habit; but he would he
a bold man who would account by such agencies for the ifferences
betiween a dray and race horse, a greyhound and bloodhound, a car-
rier and tumbler pigeon. Oue of the most remarkable features in
our domesticated races is that we see in them adaptation, not indeed

animal's or plant’s own good, but to man's use or funcy.

Some variations useful to him have probably arisen suddenly, or by
onestep; many botanists, for instance, believe that the fuller's teasl,
with its hooks, which cannot be rivalled by any mechanical cone
trivance, is ouly a variety of the wild Dipsacus; and this amount
of change may have suddenly arisen in o seedling. So it has pro-
bably been with the turnspit dog; and this is known to have been
tho 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
! th wool of one b god fox one purpose, and.tha of anthe

breed for another purpose; when we compare the many

dogs, each good for man in different ways; when we compare o
game-cock, so pertinacious in battle, with other breeds so little quar-
relsome, with “ everlasting layers” which never desire o sit, and
with the bantam 50 small and elegant ; when we compare tho host
of agriculturl, ulivry, orchard, and.flower-garden. races of sy
most useful t ¢

‘beautiful in bis eyes, we must, 1 think, look further than e
variability. We cannot suppose that all the breeds were suddealy
produced as perfect and as useful as we now sce them; indeed, in
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 usoful 0
hi:dllnlhillenluhnmybcmidmh.vemdﬁfmw usefl

‘The great power of this principle of selection 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. In order fully to realiso what they have done, it h m
necessary to read several of the many treatises devoted to \
Ject, and to inspect the animals, Breeders habitually speak d L g
animals organisation as something plastic, which they can
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almost as they please. 1f T had space T could quote numerous pas-
sazes to this effect from highly competent authorities. Youatt,
who was probably better aequainted with the works of agriculturists
than almost any other individual, and who was himsel( a very go

judge of auimals, speaks of the principle of sclection as * that which
enables the agriculturist, not only to modify the character of his
Hlock, but to chango it altogether. It is the magician's wand, by
‘means of which he may summon into life whatever form and mould
Je pleases.” Lord Somerville, speaking of what breeders have done
for sheep, says i—*T¢ would seem 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 sclection in regard to

the sheep are placed on a table and are studied, like a picture by a
connoisseur ; this is done throe times at intervals of months, and the
sheep are cach time marked and classed, 8o that the very best may
ultimately be selected for breeding.

What English breeders have actually effected is proved by the
enormous prices given for animals with a good pedigreo; and thoso
Davo been exported to almost every quarter of the world. The
improvement is by no means generally due to crossing different
‘reeds; all the best breeders are strongly opposed to this practice,
‘excopt sometimes amongst closely allied sub-breeds. And when a
cross has been made, the closest selection s far more indispensable
even than in ordinary cases. If selection consisted merely in sopa-
Tating some very distinct varicty, and breeding from it, the principle
would be so obvious as hardly to be worth notice; but its import-
ance consists in the great offect produced by the acoumulation in
one direction, during successive generations, of differences absolntely
inappreciable by an uneducated eye—differences which T for one
Jave vainly attempted to appreciate. Not one man in a thousand
has accuracy of eye and judgment suffcicnt, to become an eminent,
breeder. 1f gifted with these qualities, and he studies his subject
for years, and_devotes his lifetime to it with indomitable perse-
verauce, ho will sucoced, and may make great improvements; if ho
wants any of these qualities, he will assuredly fall. Few would
readily 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 one supposes that our
cloicest. productions have been produced by a single variation from.
the aboriginal stock. W have proofs that this has not been 50 in
several cases in which exact records have been kept; thus, to give
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Yoty triffing instance, the steadily-increasing sizo of the common
gooscberry may bo quoted.  We sce an astonishing improvement in.
‘many florists’ flowers, when the flowers of the premnt day are com-
pared with drawings made only twenty or thirty yea When
a race of plants is ouce pretty well established, the ghaint L
not pick out the best plants, m mcl’l'}' go over their seed-beds,
and pull up the “rogues” y call the plants that deviate
from the proger standard. Wi 1. satzala thie Xind of slecton fy

fac ise followed ; for hardly any ono is so careless as to
GG o e o il

In rogard to plants, there is another means of observing tho
e ool mlickn paring the diver-

sity of flowers in the d ariotics of the same species in the
flower-garden; the dlvt.mly of leaves, pods, o tubers, or whatever
part is valued, in the kitchen-garden, in comparison with the
tlowers of the same vari ersity of fruit of the samo
species in the orchard, in comparison with the leaves and flowers
of the same st of varieties. Sce how different the leaves of the
cabibage are, and how extremely alike the flowers; how unlike the
flowers of the heartseaso are, and how alike the leaves; how wuch
the fruit of the different inds of gooscberries differ in size, colour,
shape, and hairiness, and yet the flowers present very slight diffe-
tences, It is not that the varieties which differ largely in some one
point do not differ at all in other points; this s hardly ever,—I
speak after carful observation,—perhaps never, the case, The law.
of correlated variation, the importance of which should never be
overloolked, will ensure some difforencos ; but, as a general rule, it
cannot,be doubted that the continued sclection of slight vatiations,
cither in the leaves, the flowers, or the fruit, mu ‘produce races dit-
fering from each other chiefly in these charac

It may be objected that the principle o st e e
reduced o methodical practice for scarcely more than uarters.
of a century; it s certainly been more attended to of late years,
and many treatises bave been published on. tho subject; and the
result has been, in a corresponding degren, rapid and important.
But it is very far from true that the principle lern discovery.
1 could give several references to works of high antiquity, in which
the full importance of the principle is uknnwl-dged. In rude and:
Tarbarous periods of English history choi nxs animals were often im-
ported, and laws were passed to prevent their exportation: the:
destruction of hzlu e » cortis s was ondered, and this may-

pared to the “roguing” of plants by nurserymen, The

dplaofulmﬂmlﬁndmumuygim!:'vmmmm B
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clopadia,  Explicit rules are laid down by some of the Roman
assical writers, From passages in Genesis, it is clear that tho
‘colour of domestic animals was at that carly period attended to.
Savages now sometimes cross their dogs with wild canine animals,
to improve the breed, and they formerly did so, as is attested by
ges in Pliny. The savages in South Africa match their
‘draught cattle by colour, as do some of the Ksquimaux their teams
dogs. zstone states that good domestic breeds aro highly
valued by the negroes in the interior of Africa who have not associ-
ith Europeans. Some of these ficts do not show actual
selection, but they show that the breeding of domestic animals was
carefully attended to in ancient times, and is now attended to by
the lowest savages. It would, indecd, have been a strage fact, had
attention not been paid to breeding, for the inheritance of good and:
bad qualities is so obvious.

i

Unconscious Selection.

At the present time, eminent breeders try by methodical selection,
ject, in view, to make o new strain or sub-breed,

superior to anything of the kind in the country. But, for our pur-
form of Selection, which may be called Unconscious, and.

h results from every one trying to possess and breed from the
s individual animals, is more important. Thus, & man who
intends keeping pointers paturally tries to get as good dogs as he
can, and afterwards breeds from his own best dogs, but he has no-
wish or expectation of permanently altering the breed. Neverthe-
less we may infer that this process, continued during centuries,
would improve and modify any breed, in the same way as Dake-
well, Collins, &c., by this very same process, only carricd on moro
‘methodically, did greatly modify, even during their lifetimes, the
forms and qualities of their eattle. Slow and insensible changes of
this kind ean never be recognised unless nctual 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 been less improved.
Uhere is reason to believe that King Charles's spaniel has been un-

iously modified to tent since the time of

Some highly competent authorities are convineed that the setter is
directly dorived from the spaniel, and has probably been slowly
altered from it, It is known that the En inter has been
greatly changed within the last century, and in this case the chango
s, it s believed, been chiefly effected by erosses with the foxhound &
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but what concerns us is, that the change has been effected uncon-
sciously and. gradually, and yet so effectually, that, though the old
Spanish pointer certainly came from Spain, Mr. Borrow has nof seen,
25 T am informed by him, any native dog in Spain like our pointer.

By a similar process of selection, and by careful training, English
secchorses have como to surpass in fleetness and size the parent
Arabs, 50 that the latter, by the regulations 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 vatious
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 have 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
Dreeders could never have expected, or even wished, to produce
the result which ensued—namely, the production of two distinet
strains. . The two flocks of Leicester sheep kept by Mr. Buckley
and Mr. Burgess, as Mr. Youatt remarks, “have been purely bred
from the original stock of Mr. Bakewell for upwards of fifty years.
‘There is not a suspicion existing in the mind of any one at all
acquainted with the subject, that the owner of either of them has
deviated in any one instance from the pure blood of Mr. Bakewell's
flock, and yet the difference between the sheep possessed by thess
two gentlemen is so great that they have the appearance of being
quite different varietics.”

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

In plants the same gradual process of improvement, through the
occasional preservation of the best individuals, whether or not
sufficiently distinct to be ranled at their first appearance as distinct.
varictics, and whether or not two or more species or races have

e Blended together by crossing, may plainly be recognised in
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{he incrensed size and beauty which we now sce in the varietics of
the heartsease, rose, pelargonium, dahlia, and other plants, when
compared with the older varieties or with their parent-stocks. No
one would ever expect to get @ first-rate hearsease o dahlia from
the seed of & wild plant. No ono would expect to raiso a first-rato
‘melting pear from tho seed of the wild pear, though he might
succced from & poor seedling growing wild, f it had come from &
garden-stock. The pear, though cultivated in classical times,
appears, from Pliny's description, o have been o fruit of very
inferior quality. I have scen great surpriso expressed in horti-
cultural works at the wonderful skill of gardeners, in having pro-
duced such splendid results from such poor materials but the art
een simple, and, as far as the final result is concerned, has
been followed almost. unconsciously. 1t has consisted in always
cultivating the best known variety, sowing its secds, and, when a
slightly better variety chanced to appear, selecting it, and so on-
sards. But the gardeners of the classical period, who cultivated
the best pears which they could procure, never thousht what
splendid fruit wo should eat; though we owe our excellent fruit,
in some small degree, o their having naturally chosen and preserv
the best varieties they could anywhere find.

A large amount of change, thus slowly and unconsciously ac-
cumulated, explains, as T believe, the well-known fact, that in
numiber of cases we cannot ecognise, and therefore do not know,
the wild parent-stocks of the plants which have been longest culti-
vated in our flower and kitchen gardens. 1f it has taken centuries
o thousands of years to improve or modify most of our plants up to
their present standard of usefulness to man, we cun understand how
it is that neither Australia, the Cape of Good Hope, nor any other
region inbabited by quite uncivilised man, has afforded us a single
plant worth culture. Tt is not that these conntries, so rich in species,
do not by a strange chance possess the aboriginal stocks of any use-
ful plants, but that the native plants have not been improved by
<continued selection up to a standard of perfection comparable with
that acquired by the plants in countries anciently civilised.

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

On the view here given of the important part which selection by
man has played, it becomes at ouce obvious, how it is that our
domestic races show adaptation in their structure or in their habits
fo man's wants or fancies. We can, I think, further understand the
frequently abuormal character of our domestic races, and likewise
their differences being so great in external characters, and relatively
so slight in internal parts or organs. Man can hardly select, or
auly with much difficulty, any de of structure exeepting such
as is externally visiblo; aud indecd be rarely cares for what is.

can mever act by selection, exeepting on variations
shich are first given to him in some slight degree by nature. No
1 would ever try to make @ fantail till he saw a pigeon with
& tail developed in somo slight degree in an unusual manner, or
‘pouter til 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 cateh his attention. Bu
expression as trying to make a fantail, is, 1 have no-
cascs, 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~
‘bird of all fantails fourteen tail-feat) 4
liko the present Java fantail, or like individuals ofother and distinct
ds, in which as many as seventeen tail-feathers have been
counted. Perhaps the first pouter-pigeon did not inflate its erop:
much more than the turbit now does the upper part of its @so-
phagus,—a habit which is disregarded by all fanciers, as it is not
one of the poiuts of the breed.

Nor let it be thought that some great deviation of strocture.
would be necessary to catch the fancier’s eye: he perceives €x-
tremely small differences, and it is in human nature to value any
novelty, however slight, in one’s own ion. Nor must the
value which would formerly have been set on any slight differences
in the individuals of the sume species, be judged of by the value
which is now set on them, after soveral breeds have fairly been
established. Tt is known that with pigeons many slight variations:
now oceasionally appear, but these are rejected as faults o¥ devia=
tions from the standard of perfection in each by common:
200se has ot given rise to any marked varieties; hence the Tou-

uso and the comumon breed, which difer only in colour, that mo
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feoting of characters, have lately been exhibited as distinct at our

-shows. . -

“Theso views appear to explain what has sometimes been noticed
— namely, that we know hardly anything about the origin or history
of any of our domestio breeds. But, in fact, & breed, like a dialoct
of  language, can hardly be said o have a distinct origin. A man
Jreserves and breeds from an individual with some slight deviation
of structure, or takes wore-care than usual in matching his best
animals, and thus improves them, and the improved animals slowly
spread in the immediate neighbourhood. But they will as yet
Dardly have a distinct name, and from being only slightly valued,
their history will have been disregarded. When further improved
by the same slow and gradual process, they will spread more widely,
and will be recognised as something distinet and valuable, and will
then probably first receive a provincial name. In semi-civilised
<countries, with little free communication, the spreading of a new
sub-breed would be a slow . As soon as the points of value
aro once acknowledged, tho principle, as 1 have called it, of un-
conscious selection will always tend,—perliaps more at one period
than at another, as the breed rises or falls in fashion,—perl
in one district than in another, according to the state of civilisatio
of the inhabitants,—slowly to add to the characteristic features of
the breed, whatever they may be. But the chance will be infini
small of any rocord having been preserved of such slow, varying,
and insensible changes.

Circumstances fuvouralle to Mar's Power of Selection.

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 ot that mere individual differences are not
amply suflcient, with extreme care, to allow of the accumulation
of a large amount of modification in_almost any desired direction.
But as variations manifestly useful or pleasing to man appear
only oceasionally, the chance of their appenrance will be much
incrensed by a large number of individuals being kept. Hence,
number is of the highest importance for success. On this principl
Marshall formerly remarked, with. respect to the sheep of parts of
Yorkshire, “as they generally belong to poor people, and are mostly
i small lots, they never can be improved.” On the other hand,
nurserymen, from keeping large stocks of the same plant, are genes
ally fur more successful tha amateurs in raising new and valuable
Varieties, A large nunber of individuals of an animal o plant can
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o reared only where the conditions for its propagation are favour-
e Vhen the individuals are seanty, all will bo allowed to breod,
Whatever their quality may be, and this will cflectually prevent:
solection, But probably the most important clement s that the
animal o plant should be so highly valued by man, that the closost
attention is paid to even the slightest deviations in its qualities or
structure. Unless such attention be paid nothing can be effected.
1 have seen it gravely remarked, that it was most fortunate that
the strawberry began to vary just when gardeners began to attend.
to this plant. No doubt tho strawberry had always varied since
it was cultivated, but tho slight varieties had been negleoted.

soon, however, 4s gardeners picked out individual plants with
slightly larger, carlier, or better fruit, and raised seedlings from
them, and again picked out the best scedlings and bred from them,
then (with some aid by crossing distinct species) thoso many
admirable varieties of the strawberry were raised which have ap-
peared during the last half-century.

With animals, facility in preventing crosses is an fmportant
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 ney breeds.
Pigeons, L may add, can be propagated in great numbers and at a.
very quick rate, and inferior birds may be frecly rejected, as when
killed they serve for food. On the other band, cats, from their
Dooturnal rambling habits, cannot be easily matched, and, although
50 much valued by women and children, we rarely sce a distinct
‘breed 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:
rarity or absence of distinot breeds of the cat, the donkey, peacock,
go0se, &., may be attributed in main part to selection not having
!h:;’hwght into play : in cats, from the difficulty in pairing them ;
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# A i folt in the display of distinct:
it m e Y
when domesticated, seems to bave a singularly inflexible organisa-
tiom, though it has varied to a slight extent, as 1 ave elsewhero
deéc;nb:tmun Jave maintained that the amount of variation in
our domestic productions is soon reached, and can never afterwards
b exceeded. 1t 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 implics variation. 1t 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 doubt, as Mr. Wallace has remarked
with much truth, a limit will be 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 body to be carried, and the power of contraction in the muscular
fibres.  But what concerns us is that the domestic varicties of the:
‘same species differ from each other in almost every character, which
‘man has attended to and selected, more than do the distinct species.
of the same genera. Isidoro Geoffroy St. Hilaire has proved this in
regard to size, and so it is with colour and probably with the length
of hair. - With respect to fleetness, which depends on many bodily
characters, Eclipse was far fleoter, and a dray-horse is incomparably
stronger than any two natural species belonging to the same
genus. o with plants, the seeds of the different varieties of the
bean or maize probably differ more in size, than do the sceds of
the distinct species in any one genus in the same two families.
The same remark holds good in regard to the fruit of the several
varieties of the plum, and still more strongly with the melon, as
‘well as in many other analogous cases.

To 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 directly on the organisation, and
indirectly by affecting the reproductive system. It is not probable
that variability is an inherent and necessary contingent, under all
cireumstances, less force of inheritance and rever-
sion determine whether variations shall endure, Variability is.
governed by many unknown laws, of which cor growth is
probably the most important. Something, but how much we do-
not know, may be attributed to the definite action of the conditions.
of life. Some, perhaps a great, effect may be attributed to the

g
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in use or disuse of parts. The final resuit is thus rendered
infiitely complex. In some cases the intercrossing of aboriginally
distinct species appears to have played an important e intho
origin of our breeds.  When several breeds hiave once been

in any country, their occasional intercrossing, with the aid o selec-
tion, lins, no_doubt, largely aided in the formation of new sub-
reeds; but the importance of crossing has been much exaggerated,
both in regard to animals and to those plants which aro pro-
pagated by secd. Wit plants which are temporarily propagated
by cuttings, buds, &c., the importance of crossing is immenso; for
tho cultivator may hero disregard. tho extreme variability both of
hybrids and of mongrels, and the sterility of hybrids; but plants
not. propagated by seed are of little importance to us, for their
endurance is only temporary. ~Over all these causes of Change, the
-accumulative action of Selcetion, whether applied_methodically and
\quickly, or unconsciously aud slowly but more eficiently, seems to
Aave boen the predominant Power.
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CHAPTER IL

Vaniamios vxpER NATURE.

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

evons applying the principles arrived at in the last chapter to
orzanic beings in a state of nature, we must briefly discuss whether
these latter are subject to any variation. To treat this subject
properly, a long catalogue of dry facts ought to be given but theso
T shall reserve for a futuro work. Nor shall I here disouss the
various defnitions which have been given of the term specics. - No
one definition has satisfied all naturalists; yet every nataralist
knows vaguely what ho means when ho speaks of n specics.
Generally the term includes the unknown clement, of a distinct,
act of creation. Tho term “ variety ” is almost equally difficult
to define; but here community of descent is almost universally
implied, though it can rarely be proved. We have also what
are called monstrosities ; but they graduate into vatictics, By
@ monstrosity I presume is meant some considerable deviation of
structure, generally injurious, or not useful to the species. Some
authors use the term “ variation ” in a technical sense, as implying
a modification dircetly due to the physical conditions of lifes 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 cnso I
‘presumo that the form would be called a variety.

1t may be doubted whether sudden and considerable deviations
of structuro such as we occasionally see in our domestic productions,
more especially with plants, are ever permanently propagated in &
state of nature. Almost every part of every organic being is so
beantifully related to its complex conditions of life that it secms as

>
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improbable that any part should bave been suddenly produced
perfect, as that a complex.machine should have been invented by
man in a perfect state. Under domestication monstrosities some-
times occur which resemble normal structures in widely differont
animals. Thus pigs have oceasionally been born with a sort of
proboscis, and if any wild specios of the same genus had naturally
possossed a proboseis, it might havo been arguod that this had
appeared as a monstrositys but I have as yet failed to find, after
diligent scarch, cases of monstrosities resembling normal structures
in nearly allied forms, and theso alono bear on the question. I
monstrous forms of this kind ever do appear in a state of nature and
are eapable of reproduction (which is not always the case), as they
occur rarely and singly, their preservation would depend on
unusually favourable circumstances. They would, also, during the
first and succeeding generations cross with the ordinary form, aud
thus their abnormal character would almost inevitably be lost.
But 1 shall have to return in o future chapter to the preservation
and perpetuation of single or oceasional variations.

Individual Differences.

The many slight differences which appear in the offspring from
the same parents, or which it may be presumed have thus arisen,
from being observed in the individuals of the same species io-
habiting the same confined locality, may be called individual
differences. No one supposes that all the individuals of the sume
species are cast in the same actual mould. These individual
differences are of the highest importance for us, for they are often
inberitod, s must be funiliar to every one; and they thus afford
materials for natoral selection to act on and accumulate, in the
same manner as man accumulates in any given direction individual
differences in his domesticated productions. Theso individual
differences generally affect what naturalists consider unimportant
Farts; 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 sume species. 1 am convinced that the most

portant.
could collect on good authority, as T ha:n\;olleokod, during a course
of years. It should be remembered that systematists are far fram
eing pleased at finding variability in important characters, and.
that there are not many men who will laboriously examine
and jmportaut organs, and compare them in many speci
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o species. Tt would mever ave been expected that the
e eaing ofthe main merves closoto the great central ganglion of
am insect would have been variable in the same species ; it might
Jave been thought that changes of this nature conld have been
offected. only by slow degrecs ; yet Sir J. Lubbock has shown a
degree of variability in thoso main nerves in Cocous, which may
almost be compared to the irregular branching of the stem of a tree.
s philosophical aatarlis, L may add, ks 120 shown that the
muscles in the larve of certain insects arg uniform.
Authors sometimes argue in a cirele when e iy important
orzans mover vary ; for, these same authors practically rank those
parts as important (as sbrho fow naturalists have honestly confesséd)
which do o, vary ; and, under this point of view, no fastance will
oveba ound of e important pat vrying bt wnder oy other
polnt of view many instances assuredly can be

i 1 o oot e with deiom e whic o
tremalyprplesin: el to thoss geaes whih hne ben aled

< prot “ polymorphic,” in which the species present an inor-
e it o St Wi g many of these forms,
hardly two naturalists azree whether to rank them as specics or a5
varieties. We may instanco Rubus, Rosa, and Hieracium amongst
plants, several genera of insects and of Brachiopod shells. In most
polymorphic. genera some of the species have fized and definite
characters. Genera which are polymorphic in one country seem to.
e, with a fow exceptions, polymorphic in ofher countries, and
wise, judging from Brachiopod shells, at former periods of time.
These facts are very perplexing, for they seem to show that this
kind of variability is independent of the conditions of life. I am
inclined tomspeat that wo see at st in someof these polymorphic
genera, variations which are of no service or disservice to the spocics,

and which consequently have not been seized on and rendered definite
by natural selection, as hereafter to be explained.

Individuls of the same species often present, as is known to
very one, great differences of structure, independently of variation,
48 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
Jarval states of many of the lower animals, Thero ar,alo, cases

of dimorphism and trimorphism, both with animals and plants,
Tlms, M. Wallace, who has lately called attention to the subject,
has shown that the females of certain species of butterfics, in the
Malayan mm,q\.m segulaly appoar uader w0 or even three

yi
Fritz Miiller’ hu dmnbed analogous but more exlmordlnny cases
D2
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with the males of certain Brazilian Crustaceans : thus, the malo
arly ocours under two distinct forms; one of
these has strong and differently shaped pincers, and the other has
antennm much more abundantly furnished with smelling-hairs,
Although in most of these cases, tho two or three forms, both
with animals and_ plants, are not now connected by intormediats
gradations, it is probable that they were once thus conneoted.
Mr. Wallace, for instance, describes @ certain butterfly which pre-
sents in the same island a great range of varietios connected by
intermediate links, and the extreme links of thé chain closcly
rosemble the two forms of an allied dimorphic specics inhabiting
another part of the Malay archipelago. Thus also with ants, the
several worker-castes are gencrally quite distinct; but in some cases,
a5 we shall hereafter see, the castes are connected tegether by finely
graduated varieties. o it is, as I have myself observed, with some
dimorphic plants. It certainly at first appears o highly remarkablo
fact that the same femalo butterfly should have the power of pro-
ducing at the samo time three distinct fomale forms and a male;
and that an hermaphrodite plant should. produce from the same
sced-capsule three distinct hermaphrodite forms, bearing threo
different, kinds of females and three or even six different kinds
of males. Nevertheless these cases are only exaggerations of the
common fact that the female produces offspring of two sexes which
sometimes differ from each other in & wonderful manner.

Doubtful Species.

most important for us. We have every
reason o believe that many of these doubtful and closely allied
forms have permanently retained their characters for & long
time; for as long, as far as we know, as have good and truo

species.  Practically, when a naturalist can unite by means
intermediate links any two forms, he treats -the one as

of '.hao'.hn_r,’ ranking the most common, but sometimes

first deseribed, as the specios, and tho other as the

But cases of, great difficulty, which T will not here ent
‘sometimes arise in deciding whether or not to rank one form as.
varioty of another, even when they are closely {
‘mediate links; nor will the commonly-assumed
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iutermelino forsalvays remors the diffulty. I vary wany

‘However, one form is ranked as a variety of another, no
ecanse th intermediate links havo actually been found, but
hecause analogy leads tho observer to suppose either that they do
now somewhero exist, or may formerly have existed ; and here @
wide door for the entry of doubt and conjecture is opened.

‘Honce, in determining whether a form should be ranked as o
apecics o a variety, the opinion of naturalists having sound. judg-
ment and wide experience scems the only guide to follow. We
must, however, in many cases, decide by a majority of naturalists,
for fow well-marked and well-known varieties can be named which
have not been ranked as species by at least some competent
judges.
it varieies of this doubtfal nature aro far from wncommon
cannot be disputed. Compare the several floras of Great Britain, of
Frauce, or of the United States, drawn'up by different botanists,
and see what o surprising number of forms have been Tanked by
one botanist as good species, and by another as mere varioties.
Mr. H. €., Watson, to whom I lie under decp obligation for assistance
of all kinds, has marked for me 182 British plants, which are
gencrally considered as varietics, but which have all been ranked
by botanists as species; and in making this list he has omitted
many trifing varietics, but which nevertheless have been ranked
by some botanists as specics, and he has entirely omitted several
highly polymorphio genera. Under geners, including the most
polymorphic forms, Mr. Babington gives 251 specics, whereas
M. Bentham gives only 112,— difference of 139 doubtful forms 1
Amongst animals which unito for cach birth, and which are highly
locomotive, doubtful forms, ranked by one zoologist as a species and.
by another as a variety, can rarcly bo found with
country, but are common in separated areas, How many of the
birds and inseots in North America and Europe, which differ
wery slightly from each other, have been ranked by one eminent
naturalist as undoubted. specics, and by another as varietics, or, as
they are often called, geographical races! Mr. Wallace, in several
valuablo papers on the various animals, especially on the Lepi-
doptery, inhabiting the islands of the great Malayan archipelago,
shows that they may be classed under four heads, namely, as vari-
able forms, as local forms, as geographical races or sub-species, and
4 true representative species. The first or variable forms vary
tauch within the limits of the same slnd. The local forms
are moderately constant and distinet in each soparate island; but
when all from the sveral islands are compared together, the dif-
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38 Doubtful Spesies. Cusr. 1.
ferences are seen to be so slight and graduated, that it is impossible
to define or describo them, though at the sume time the extreme
forms aro sufficiently distinct. The geographical races or sub-species
aro local forms complotely fixed and isolated ; but os they do not
differ from each other by strongly marked and important characters,
“thero is 1o possible test but individual opinion to determine
which of them shall be considered as species o hinkan i
Lastly, representative_species fill the same place in the natural
econouny of each island as do the local forus and. sub-species; but
as they are distinguished from each other by a greater amount of
difference than that between the local forms and sub-species, they
are almost universally ranked by naturalists as true species. Never-
theless, 1o certain criterion can possibly be given by which varisble
forms, local forms, sub-species, and representative species can be.
recogni
Many years ago, when comparing, and seeing others compare, the
birds from the closély neighbouring jslands of the Galapagos archi
pelago, ono with another, and with those from the American main-
land, I was much struck how entirely vague and arbitrary is the
distinction between species and vari On the islets of the
little Madeira group thiere are many insects which are charac-
terized as varieties in Mr. \Vollmwnl ndmvnble ek g
which would certainly be ranked 4 species by many
catomologints. Even Troland has a fow sairials; now ‘generally
rogarded as varicties, but which have been ranked ns spocies
by somo_snclogists. Sevaral experionced. ornithologiste consider
S grouse as only & strongly-marked raco of &
Norwegian. species, whnrm the greater number rank it as an
i liar to Great Britain, A wido distante
between the homes of two doubtful forms leads many naturalists to
rauk them as distinct species; but what distance, it b.. ‘been well
asked, will suffic; if that between America and Furope is ample,
will that betweon Europo and the Asores, or Madeir, or tho
Canaries, or betwoen the several islets of these small archipelagos,
be sufficient ?
- B. D. Walsh, a distinguished entomologist mited
suu. has described what he calls Ph mph;wmmh’ vyb,.
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i i tance les alone, in

taro of their secretions. Tn somo instances tho mal .
Hher instances both males and femalos, hiave been observed thus
to differ in a slight dexree. When the differences are rather more

forms are ranked by all entomologists as good species. But no
ohserver can determino for another, even if he can do.so for himself,
which of thesa Phytophagic forms ought to be. called. species and.
which varitics. Mr. Walsh ranks tho forms which it may 1
supposed would freely intercross, s varieties and those which
appear to have lost this power, as species. As the differences depend
on the insects having long fed on distinct plants, it cannot bo
expected that intermediae links connecting the several forms should.
uow be found. The naturalist thus loses Liis best guide in deter-
mining whether to rank doubtful forms as varieties or species. This
likewise necessarily occurs with closely allied crganisms, which
iubabit distinct continents or islands. When, on the other hand,
an animal or plant ranges over the same continent, or inhabits many
islands in the same archipelago, and presents different forms in the
different arcas, thero is always - good chance that intermediate
forms will be discovered which will link together the extreme
states; and these aro then degraded to the rauk of varieties,

Some few naturalists mainfain that animals never present varie-
ties; but then these same naturalists rank the slightest difforence
o5 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 distinct species aro hidden under the same dress.
The term species thus comes to be a mero useless abstraction, im-
plying and assuming a separate act of ereation. It is certain that
wany forms, considered. by highly-competent judges to bo varisties,
resemublo specics so 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 varietics or doubtful specics
well deserve consideration ; for several interesting lincs of argument,
fvm geographical distribution, analogical variation, hybridism, &c.,
have been bronght to bear in the attempt to determine their rank ;
but space does not here permit, me to discuss them.  Close investi-
gution, in many cases, will no doubt bring naturalists to agree how
o muk doubtful forms. Yot it must be confessed tha it is in the
Y kuown, comnirics that wo find. the gretest mumber of themn.
L been stzuek with the fuct, that if any animal or plnt in &

nature be highly useful to mav, or from any cause closely
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attracts his attention, varieties of it will almost universally be
found recorded, These varieties, moreover, will often be ravked by
some authors as species. Lok 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 vi 5 and in this country the highest
bot: 1 authorities and practical men can be quoted to show that
the sessile and pedunculated oaks are either good and distinet species
or mere varieties.

1 may here allude to a remarkable memoir lately published by
A. de Candolle, on the oaks of the whole world. No one ever had
more ample materials for the discrimination of the species, or could
have worked on them with more zcal and sagacity. He first gives
in detail all the many points of structure which vary in the several
specios, and_estimates numerically the relative frequency of the
variations. He specifies above a dozen characters which may be
found varying even on the same branch, sometimes according to
ago or development, sometimes without any assignable reason,
Such characters are not of course of specific value, but they are, as
Asa Gray has remarked in commenting on this memoir, such as
generally enter into specific definitions, De Candolle then goes on
to say that he gives the rank of species to the forms that differ by
characters never varying on the same tree, and never found con-
nected by intermediate states. After this discussion, the result of
50 much labour, he emphatically remarks: “They are mistaken,
who repeat that the greater part of our species are clearly limited,
and that the doubtful species are in a feeble minority. This seemed
t0 be truc, s0 long as a ganus was imperfectly known, and its specics
‘were founded upon a few specimens, that is to say, were provisional.
Just as we come to know them ‘Dbetter, intermediate forms flow in,
and doubts as to specific limits angment.” He also adds that it is
the best known species which present the greatest number of spon-
fancous varieties and sub-varieties. Thus Quercus robur has twenty=
cight varieties, all of which, excepting six, are clustered round thres
sub-species, namely, Q. pedunculata, sessilifiora, and pubescens.
“Tho forms which connect these threo sul-species are comparatisely
rare; and, a3 Asy Gray again remarks, if these connecting forms,
‘which are now rare, were to become wholly extinet, the three sub-
species would Liold exactly the same rolation to each other, as do
the four or five provisionally admitted species which closely sur-
round the typical Quercus robar. Finally, De Candolle admits
that out of the 300 specics, which will be enumerated. in his Pro-
dromus as belonging to the oak family, at least two-thirds aro




e Doubtful Species. 4
. -

provisonal. speies, that i, are mot Known stritly to fulfl the defi-
D en above given of a truo species. It should bo added that Do
Candollo no Tonger believes that specics are immutable creations, but
conclades that the derivative theory is the most natural one, “and.
tho most. accordant with the known facts in palwontology, goo-
eraphical botany and. zoology, of anatomical structure and classifi-
stion.”
m\‘Gﬂmx & young naturalist commences the study of a group of
organisms quite wnknown to him, 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 subjecb; and this shows, at least, how very
generally there 3 some variation. But if he confine bis attention
to one class within one country, he will soon. make up his mind
how {0 rank most of the doubtful forms. His general tendency
will o to make many species, for he will become impressed, just
like the pigeon o poultry fancier before alluded to, with the amount
of difference in the forms which he is continnally studying; and
he has little gencral knowledge of analogical variation in other
groups 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 greater
number of closely-allied forms. But if his observations be widely
extended, he will in the end generally be able to make up Lis own
mind ; bub he 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
eutirely to analogy, and his difficulties will rise to a climax.
Certainly no clear line of demarcation has as yet been drawn
between species and sub-specics—that is, the forms which in the
opinion of some naturalists come very near fo, but do not quite
arive at, tho rank of specics : or, again, between sub-species and
well-marked varietics, or botween lesser varictios and individual dif-
ferences.These differences blend into_each other by an insensible
series; and & series impresses the mind with the idea of an actual
Dassage.
Hence 1 look at individual differences, though of small interest to
the systematist, as of the highest importance for us, as being the
it steps towards such slight, varieties as are barcly thought worth
K\‘ffh{iﬂg in works on natural history. And T look av varieties
which aro in any degree more distinet and permanent, as steps
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towards more strongly-marked and permanent varieties ; aud at th
latter, as leading to sub-species, and then to species. The passags
from o2 slag o difirncs to another may,in many caset bo l.hu
simplo result of tho nature of the orgauism and of the

lignical conditons to wiich 1 bas long bosn expesed; bus i
respect to the more important and adaptive characters, the passags
from one stage of difference to another, may be safely attributed to
the cumnlative action of natural selection, hereafter to be explained,
and to the effects of tho increased use or disuso of parts. A well-
marked variety may therefore be called an incipient species; but
whether this belief s justifiable must bo judged by the weight
of the various ficts and considerations to be given throughout this
worl

1t need not be supposed that all varieties or incipient species
attain tho rank of species. They may become extinet, or they may
endure as varieties for very long periods, as has been shown to be
the caso by Mr. Wollaston with the varioties of certain fossil land-
shels in Madsirs, and. with plans by Gaston do Sepora. I

ty were to flourish %0 a5 to exceed in numbers the parent
Coslo i sepikl e Al e o, i species as the
vnri ty or it might come to supplant and exterminate the parent
or both might co-exist, aud both rank as independent
Shesie: Dl o ahal hereatter otars o thi subject.

From these remarks it wil be scen that I look at the term species
28 ono arbitrarily give, for the sake of convenience, to a set of
individuals closely resembling each other, and that it does not
essentially differ from tho term varicty, which is given to less
distint 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 Specics vary most,

Guided by theorctical considerations, T thought that some in-
teresting results might be obtained in regard to the nature and
relations of the species which vary most, by hbuhnng all the
varictics in several well-worked flos. At first this soemed a
simple task; but Mr. H. C. Watson, to whom I am much indebted
for valuablo advice and assistance on-thia subject, soon convinced
me that there wero many dmmd_, as did subsequently Dr.
Hooker, even in stronger shall reserve for a future work
the discussion of ﬂuu dlmmlhel, -nd the tables of the proportional
numbers of the varying species. Dr. Hooker permits me to adds
that after having carefully read my manuscript, and examined the-
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{ables, ho thinks that tho following statements are fairly well esta-
plished. The wholo subject, however, treated as it necessarily here
s with much breyity, is rather perplexing, and allusions canot be
avoided to the “struggle for existence,” * divergence of character,”
and other questions, hereafter to be discussed. i
‘Alphonse de Candolle and others have shown that plants which
have very wide rnges generally present varicties; and this might
have been expected, as they are exposed to diverso physical condi-
tions, and as they come into competition (which, s 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 s 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 riso to varicties suficiently well-marked
to have been recorded in botanical works, Hence it is th most
flourishing, or, as they may be called, the dominant specios,—those
which range widely, are the most diffused in their own country, and
aro_the most numerous in individuals,—which oftenest. produco
well-marked varicties, or, a5 T consider them, incipient species. And
this, perhaps, might hav been anticipated ; for, os varietics, in
order to becomo in any degreo permanent, necessarily have to
struggle with the other inhabitants of the country, the specics which
are already dominant will be the most likely to yield offspring,
which, though in some slight degreo modified, still inherit those
advantages that enabled their parents to become dominant over
their compatriots. Tn thess remarks on predominance, it should be
understood. that reference s made only to the forms which come
into competition with each other, and more especially to the mem-
‘ers of the same genus or class having nearly similar habits of lfe.
With respect to the mumber of individuals or commonness of
species, tho comparison of course relates only to the members
of the same group. One of tho higher plants may b said fo be
dominant if it be more numerous in individuals and more widely
diffused than the other plants of the same country, which live under
pearly the samo conditions. A plant of this kind is not the less
dominant because some conforva inhabiting the water or some
parasitio fungus is infinitely more numercus in individuals, and more.
widely diffused. Bt if the conferva or parasitic fungus exceeds its
allies in the above Tespects, it will then be dominant within its own.

class,
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Species of the Larger Genera in cach Country vary more frequently
than the Specics of the Smaller Genera.
I the plants inhaliting a country, s described in any Flora, be
divided into two equal masses, all those in the larger genera (i
those including many species) being placed on one side, and al
those in the smaller genera on the other side, the former will be
found to include @ somewhat larger number of the very common and
much diffused o dominant species. This might have been auti
pated 3 for the mere fuct, of many species of the same genus inbabit-
hows that there is somothing in the organic or
tions of that country favourable to the genus s and,
consaquently, we might have sxpectod to have found.in the larger
gene orthose incluiog many pecion s arer proparichal sumler
of dominant species. But so many causes tend to obscure
rsal, that T am surpnmd ‘et my ‘bl dhow ores# sl ahjas
r genera. 1 will here allude to only two
e o il i Hloving plants generally
have very wide ranges and are much diffused, but this seems to be
connected with the naturo of the stations inbabited by them, and
has little or 1o relation to the size of the genera to which the
pecies belong.  Agai
‘much m
and here again there is no close relation to the size of the genern.
The cause of lowly-organised plants ranging widely will be discussed
in our chapter on L-uogmphlcal Distribution,
rom looking at species as only strongly-marked and well-defined
varieties, I was led to anticipate that the species of the larger genera
in each country would oftener present varieties, than the species of
the smaller genera; for wherever many closely related species (it
species of the same genus) bave been ‘many varieties of
incipient species ought, as a general rule, to be uow forming.
Where many largo trees grow, we expect to find saplings. Where
many apeies of  geuts havo been frmed through varaton it
umstances have been favourable for variation; and hence we
e aLti Mo o generally bo still favourable
0 variation. On the other hand, if W look at cach species 48 &
special act of creation, there is O apparent reason why moR
varietics should cecur in a group having many spocies, than in ono
aving few.
To test the truth of mummmp‘umthmrdm lants
of tyvelve countries, and the coleopterons inseots d-khl:'
“wo nearly equal masses, the species of the hqupnim
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de, and thoso of tho smaller genera on the other side, and it has-
fuvariably proved to be the case that  larger proportion of the
species on the side of the larger genera presented varictics, than on
tho side of the smaller genera. Moreover, the specis of the large-
genera which. present any varieties, invariably present o lnrgor
veraze number of varietics than do the species of the small genera.
Toth these results follow when another division is made, and when
all the least geners, with from only one to four species, are altogether
‘excluded from the tables. Theso facts aro of plain siguification on
the view that species are only strongly-marked and pormanent
itics ; for wherever many species of the sume genus have been.
formed, or where, if we may use the expression, the manufactory of
specics has beon active, wo onght generally to find he manufaciory
still in action, more especially as we have every reason to believe:
e process of manufacturing new species o bo @ slow one. And
s certainly holds true, i varioties be looked at as incipient species ;.
for my tables clearly show as a general rule that, wherever many
specics of a genus have been formed, the species of that genus
present a number of varicties, that is of incipient species, beyond.
the average. It is not that all Jarge genera are now varying much,
and are thus increasing in the number of their species, or that no
small genera are now varying and increasing; for if this had been.
50, it would have been fatal to my theory ; inasmuch as geology
plaiuly tells us that small gencra have in the lapse of time often
increased greatly in size ; and that large genera have often. come to.
their maxims, declined, and disappeared. All that wo waut to show
s, that, whero many species of & genus have been formed, on an.
average many aro 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
ofler, and in having restricted anges.

There are other relations between tho species of larze genera

their recorded varicties which deserve notice. We have seen that
thero s no infallible eriterion by which to distinguish species and
well-marked varicties ; 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 tliem, judging
by analogy whether or not the amount, suffices o raise one or both
10 the rank of species. Hence the amount of difference is one very.
importaut criterion in. settling whether tuwo forms should bo ranked.
as specics or varioties. Now Fries has remarked in regard to plants,
and Westiwood in rezard to inseets, that in largo genera the amount.
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of difference between the species is often exceedingly small. T have
endeavoured to test this numerically by averages, and, as far as my
imperfoct rosults go, they confirm the view. 1 have also consulted
somo sagacious and experienced observers, and, after deliberation,
they concur in this view. s respect, therefore, the species
of tho larger genera resemble varieties, more than do the species of
the smaller genera. ~ Or the case may be put in another way, and
may be said, that in the larger genera, in which a number of varie-
tics or incipient species greater than the average are now manufie-
turing, many of the species already manufuctured still to a certaiu
extent resemblo varictics, for they differ from each other by less
than the usual amount of difference.

Moreover, the species of the larger genera are related to cach
other, in the same manner as the varioties of any one specics are
celated to each other. No naturalist pretends that all the species of
4 genus are equally distinct from cach other; they may generally
be divided into sub-gener, or scctions, or lesser groups. As Fries
has well remarked, littls groups of species aro generally clustered
like satellites around other species. And what are varicties but
groups of forms, unequally related o each 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-
tics, when compared with each other or with their parent-spacies, is
much less than that between the species of tho same genus. But whon
we come to disouss the principle, as 1 call it, of Divorgence of
Character, we shall sce how this may be explained, and how the
lesser differences betwecn varieties tend to increase into the greater
differences between species.

There is one other point which is worth notice. Varieties gene-
rally have much restricted ranges: this statement is indeed
searcely more than a truism, for, if a variety were found to have &
wider range than that of its supposed par s, thei

this same Catalogue, 53 acknow-
and these range over 77 provinces;




oI resemble Varictics. a7

hereas, the species to which these varieties belong range over 145

for me by Mr. Watson as doubiful species, but which are almost
universally ranked by British botanists as good and true species.

Summary.

Finally, varieties cannot be distinguished from species,—except,
first, by the discovery of intermediate linking forms; and, secondly,
by & oertain indefinie amount of difference between them ; for two

. forms, if differing very little, are generally ranked. as varioties, not-
withstanding thiat they cannot be closely connected; but the amount
of difference considered nccessary to give to any two forms the rank

of t be defined. In genera the averago
umber of species in any country, the species of these genera have
e & it e o iy t
specis 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 respeets
the species of large genera presont  strong analogy with varietics.
And wo can clearly understand. theso analogies, if species once
cxisted as varieties, and thus originated; whereas, these analogies
aro utterly inexplicablo if species are independent creations.

We have, also, seen that it is the most flourishing or dominant
species of the larger genera within each class which on an average
il the grostest munber of varicties; and variti, a8 wo shll
hereafter see, tend to become converted into new and distinet
species. Thus the larger genera tend to become larger; and through-
out naturo the forms of life which are now dominant tend to become
still more dominant by leaving many modified and dominant
descendants.  But by steps hereafter 0 be explained, the larger
genera also tend to break up into smaller genera, And thus, the
forms of Life throughout the universe beeome divided into groups
subordinate to groups.

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



¢ for Existence.

48 Struggl

CHAPTER IIL

STRUGGLE For EXISTENCE.

Its bearing on mataral selection —The term used in @ wide sense—Geome-
trical ratio of increaso— Rapid increase of naturalised animals aad
Jlants — Nature of the checks to increase — Competition universal—
Effcts. of elimate — Protection from the number of individuals—

s of all animals and plants throughout mature—

fo most severe between individuals and varieties of the

es: often severe between spec same genus —The

Telation of organism to organism the most important of all relations.

Berons entering on the subject of this chapter, T must make a few
preliminary rcmnrl.s, to show how the struggle for existence bears
ection. 1t has been seen in the last chapter that
amongst organic beings in a state of nature there is some individual
\nri.mmy deed I am not aware that this has ever been disputed.
It bmal for us whether a multitude of doubtful forms be
callod spcios o sobapeciesor arietos ; what rank fo fnsance the
o of Shese headred Soabtfe, o of Brtah plaie aro Gkl
to hold, if the existence of any well-marked varieties be admitted.
But the mere existenco of individual variability and of some fow
wall-marked varieties, though necessary as the foundation for the
work, helps us but little in understanding how 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 perfect
these beantiful co-adaptations most plainly in the woodpecker and
the misletoe ; and only  little less plainly in the humblest parasite.
which clings to the hairs of & quadrupod. or feathers of a binl; i
the structure of the beetle which dives through the water : in the
pl\unedleurlwhlnh is wafted by the gentlest breeze; in short, we
see beautift -dxpunnumrywhmwdm.mypndh
organic world.
Again, it may be asked, how is it that varieties, which I have
uudmmpme-pau.bwmul yoonvm«lmpdnl
tinet, species, W) in most cases obviously differ wh
oLhAr far more than do the varieties of the same lpu'la?
those groups of species, which constitute what are called
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<oners, and which differ from each other more than do the speci

o genus, arise? Al these results, as we shall more fully
see in tho next chapter, follow from the struggle for life. Owing to
this struggle, variations, however slight, and from whatever cause
proceeding, if they be in any degree profitable to the individuals of
a species, in_ their infinitely complex. relations to other organio
Yeings and to their physical conditions of ife, will tend to the
preservation of such individuals, aud will generally bo inberited
Ty 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,
T have called this principle, by which cach 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. Horbert. Spencer of the Survival of the Fittest
s more accurate, and 8 sometimes equally convenient. We have
scen that man by selection can certainly produce great results, and
can adapt orzanic beings to his own ses, through the accumulation
of slight but useful variations, given to him by the hand of Nature,
But Natural Selection, as we shall hereater see, is a power ince:
santly ready for action, and is as immeasurably superior to man’s
oeble efforts, as the works of Nature are to those of Art.

We will now discuss in a little more detail the struggle for
existence. In my fature 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
exposed 1o 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 s easier than to admit in words the truth of
the universal struggle for life, or more difficult—at least T have
found it so—than constantly to bear this conelusion in mind. et
unless it be thoroughly engrained in the mind, the whole economy
of nature, with every fact on distribution, rarity, abundance, extinc-
i variation, will be dimly seen or quite misunderstood.
We behold the faco of naturo bright with gladness, we often seo
superabundance of food ; we do not see or we forget, that the birds
which are idly singing round us mostly live on insects or seeds, and
are thus constantly destroying lifo ; or we forget how largely these
songaters, or their eges, or their nestlings, are destroyed by birds
and beasts of prey 5 we do not always bear in mind, that, though

foodl may bo now superabundant, it s not so at all sensons of ench
securring year,
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The Term, Struggle for Eaistence, used in @ large sense.
T shiould premiso that Tuso this term in 8 large and metaphorical
sense including dependence of one being on' another, and including
(which is moro important) ot only the lfe of the individual, by
Sticoees in leaving progeny. Two canine animals, in a time of
dearth, may be truly sid to stragele with cach other which shall
gt food an But a plant on the edge of a desert is said to
Strugelo for lifo against the drought, though more properly it should
be said o be dependent on the moisture. A plant which annually
produces o thousand secds, of which only one on an average comes
to maturity, may be more truly said to struggle with the plants of
the same and other kinds which already clotho the ground. The
‘misletoe is dependent on the apple and & fow other trees, but can
only in a far-fetobed senso be said to struggle with these troes, for,
i too many of these parasites grow on the same tree, it languishes
and dies. Bt several seedling misletoes, growing closa together on
the samo branch, may more truly be said to strugele with each
other, As the mislotoo is disseminated by 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 these several senses, which pass into
each other, I use for convenience’ sake the general term of Struggle
for Existence.

Geometrical Ratio of Tnorease.

A struggle for existence inevitably follows from the high rate at
which all organic beings tend to increase. Every being, which
during its natural lfetime produces several egzs or seeds, must sufler
destruction during some period of its life, and during some seasot.
or occasional year, otherwise, on the principle of geometrical increase,
its numbers would quickly become 8o inordinately great that 1o
country could support the product. Hence, as more individuals
are produced than can possibly survive, there must in every caso
be o struggle for existence, ither one individual with another of
the same spocies, or with the individuals of distinct species, of
with the physical conditions of life. It is the doctrine of Malthus
applied with manifold force to the whole animal and
ﬂgﬂm;;m;lm-mahmmhmmwmnfm

1o prudential restraint from marriage. - Although some species
‘may be now increasing, more or less rapidly, in numbers, all cannot
o o, for the world would not hold them.

There is no exception to the rule that every organic being
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- - -
saturally increases at so high a rate, that, if not destroyed, the
carth would soon be covered by the progeny of a singlo pair. Tven
dow-breeding man bas doubled in twenty-five yoars, and at this
Tate, in less than a thousand years, there would literally ot bo
standing-room for his progeny.  Linneus bas caloulated that if an
annual plant produced. only two seeds—and thero is no plant so

aud 50 on, then in twenty years there would bo a million plants.
Tho elephant is reckoned the slowest breeder of all known animals,
and T havo taken somo pains to estimate its probableminimum rato
of natural increase; it will be sfest to assumo that it bogins
breeding when thirty years old, and goes on breeding till ninoty
years old, Lringing forth six young in the interval, and surviving
il one hundred years old; if this be so, after a period of from
740 t0 750 years thero would be nearly nineteen million elephants
alive, descended from the first pai

ut we have better evidence on this subject than mero theoretical
caleulations, namely, the numerous recorded cases of the astonish~
ingly rapid increaso of various animals in a state or nature, when
circamstances have been favourable to them during two or three
following seascns.  Still more striking is the evidence from our
domestic’ 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 Australia, had not beon well authenticated, they would have
boen incredible. 8o it is with plants; cases could be given of
introduced plants which have become common. throughout wholo
islands in a period of less than ten years. Several ofthe plants,
such as the cardoon and a tall thistle, which are now the come
monest over the wide plains of La Plata, clothing square leagues
of surfuce alniost to the exclusion of every other plant, have been
introduced from Europe; and there are plants which now range in
India, as I hear from Dr. Falconer, from Cape Comorin to tho
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 fertility of the animals or plants has been suddenly
aud temporarily increased in any sensible degree. The obvious
explanation s that itions of lfe have been highly fa y
and that there has consequently been less destruction of the old and.
young, and that nearly all the young have been enabled to breed.
"Their geometrical ratio of increase, the result of which never fails to
Lo surprising, simply explains their extraordinarily rapid incrcase
and wide diffusion in their new homes.

B2
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Tn a state of nature almost every full-grown plant amnually
produces seed, and amongst animals there are very few which do
ot annually pair. Hence we may confidently assert, that all
plants and animals are tending to increase at & geometrical ratio,—
that all would rapidly stock cvery station in which. they could any
how exist,—and that this geometrical tendency to increase must e
checked by destruction at some period of life, - Our familiarity with
the larger domestic animals tends, 1 think, to mislead us: wo see
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 or us which annually produce
oggs or seds by the thousand, and those 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
80 large. The condor lays a couple of eggs and the ostrich a score,
and yet in the sume country the condor may be the more numerous
of the two; the Fulmar petrel lays but one egs, yet it s believed
to be the most numerous bird in the world. One fly deposits
hundreds of eggs, and another, like the hippobosea, a single one;
‘but this difference does not determine how many individuals of the
0 species can be supported in a district. A large number of exss
s of somo importance to thoso species which depend on a fluctua-
ting amount of food, for it allows them rapidly to increase in
number. But the real importance of a large number of egss or
seeds is to make up for much destruction at some period of lfe;
and this period in the great majority of cases is an carly one. If
an animal can in any way protect its own eggs or young,a small
number may be produced, and yet the average stock be fully kept
up; but if many eggs or young are destroyed, many must be
‘produced, or the species will ‘become extinct. Tt would suffice to
keep up the fall number of a_tree, which lived on an avergo for &
thousand years, if a single seed wero produced once in a thousand
years, supposing that this seed were never destroyed, and could be
cnsured to germinate in  fitting place, So tha, in all cases, the
average number of any animal or plant depends only indireotly on
the number of its oggs 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 bo striving to the utmost to increaso
in nombers ; that each lives by  strugglo at some period of ts 1ifo;
that heavy destruction inevitably falls cither on the young or old,
during each generation or at Tecurrent intervals, ~Lighten any
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check, mitigate the destruction ever so little, and the mumber of
species will almost instantancously increaso to any amount.

Naturo of the Checks to Tnerease.
The causes which check the natural tendency of each species to
fncrease are most obscure.  Look at the most vigorous specics ; by
as much as it swarms in numbers, by so much will it tend to
il further. We know not exactly what the checks arg
o instance. Nor will this surprise any one who
roflects how ignorant we are on this head, even in regard to maukind,
iigh e 7

than any . This
subjoct of tho checks o increase has been obly treated by several
authors, and 1 hiopo in a future work to discuss it 2t considerable
length, more especially in regard to the feral animals of South
America. Hero I will make anly a fow remarks, just to recall to
tho reader’s mind some of the chief points. Eggs or very young
animals seem generally to suffer most, but this is not invariably the
case. With plants there is a vast destruction of seeds, but, from
some observations which T have made it appears that the seedlings
suffor most from. germinating in ground already thickly stocked
with other plants. ~ Seedlings, also, are destroyed in vast numbers
by various enemies; for instance, on a picce of ground three feet
long and two wide, dug and cleared, and whero 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. If turf which has long been
mown, and the case would be the sume with turf closely browsed
by quadrupeds, b let to grow, the more vigorous lants gradually
kill the less vigorous, though fully grown plants; thus out of
tventy specios growing on a little plot of mown turf (threo feet by
four) nine species perished, from the other spocies being allowed to
row up frecly.

“The amount of food for each specics of course gives the extreme
limit to which each can increase; but very frequently it is not the
obtaining food, but the serving as prey to other animals, which
determines the average numbers of a species. Thus, there seems to
be littlo doubt that the stock of partridges, grouse, and hares on
any large estate depends chiefly on the destruction of vermin. 1f
2ot one head of gamo were shot during the next twenty years in
England, and, at the same time, if no vermin were destroyed, there
Yould, in all probability, be less game than at present, although
hundreds of thousands of gamo animals are now annually shot. Cn
the other hand, in some cases, s with the elephant, none are
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destroged by beasts of prey ; for even the tiger in India most rarcly
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 scasons of extreme cold or
drought seem to be the most effective of all checks. I estimated
(chicfly from the greatly reduced numbers of nests in the spring)
that the winter of 18545 destroyed four-fifths of the birds in my
own grounds; and this is a tremendous destruction, when we
remember that ten per cent. is an extraordinarily severe mortality
from epidemics with man.. The action of climate scems at first
sight to be quite independent of the strugelo for existences but iu
so far as climate chiefly acts in reducing food, it brings on the mosy
severe 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 sufler most. When we
travel from south to north, or from & damp region to a dry, we
invariably seo some species gradually getting rarer and rarer, and
finally disappearing ; and the change of climate being conspicuons,
wo are tempted to attribute the whole eflect 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
place and food ; and if these enemies or competitors be in the least
dogree favoured by any slight change of climate, they will increase
in numbers ; and as each area is already fully stocked with inhali-
tants, th 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, a5
in this one being hurt. So it is when we travel northward, but i
n somewhat lesser dogree, for the number of species of all kinds,
and therefore of competitors, decreases northwards ; hence in going
northwards, or in ascending & mountain, wo far oftener meet with
stunted forms, due to the directly injurious action of climate, than we
do in proceeding southwards or in descending & mountain. When
we reach the Arctic or snow-capped summits, or absolute
deserts, the struggle for life is almost exclusively with the clements.

That climate acts in main part indirectly by favouring other
species, we clearly sce in the prodigious number of plants which
in our gardens can perfectly well endure our climate, but whidh
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species, owing to_highly favourable circumstances,
increases inordinately in numbers in a small tract, epidemics—at
;.,sz, this soems generally to oecur it oo game animals—often
here we bave a limiting check independent of the
.tnxggla for Tife. But oven some of these so-called epidemics
appear to be due to parasitic worms, which have from some cause,
possibly mpmehmugh facility of diffusion amongst the crowded
animals, been disproportionally favoured : and here comes in a sort
of struggle bebween the parasite and its prey.

On the ofher hand, in mavy cases,  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 com and rape-seed, &, in our fields, because the seeds
aro in great excess compared with the number of birds which foed
on them; nor can the birds, though having a superabundance of
food at this one season, increase in number proportionally to the
supply of secd, as their numbers aro checked during winter; but
ono who has tried, knows how troublesome it is to get seed
from & fow wheat or other such plants in a garden: I have in this
case lost every singlo sced. This view of the necessity of a large
stock of the same species for its preservation, explains, T believe,
some singular facts in nature such as that of very rare plants being

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, wo may beliove, that a plant could exist only where the
«conditions of its life were so favourable that many could exist
tozother, and thus save the species from utter destruction. 1
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 3 but T will mot here enlarge on this subject.

Coplen Reaions of ol dnimls and Pt o cah ler
the Struggle for Ewistence.

Many cases aro on record showing how complex and unexpected
18 i iy o o bakwen gl Voot ils b
struggle together in the same country. 1 will give only a single
instance, which, though a simple one, interested me. In Stafford-
shire, on the estate of a relation, where 1 had ample means of
investigation, there was a large and extremely barren heath, which
had never boen touched by the hand of man; but several hundred
acres of exactly the same nature had been enclosed twenty-five
years proviously and planted with Scoteh fir. The change in the
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native vegotation of the planted part of the heath was most

ble, more than is generally seen in pa from one quite
different soil to another; not only the proportional numbers of the
heath-plants were wholly changed, but twelve species of plants (not
counting grasses and carices) flourished in the plantations, which
could not be found on the heath. The effect on the insects must
have been still greater, for insectivorous birds were very
common in the plantations, which were not to be seen on the
heath; and the heath was frequented by two or threo distinet
insoctivorous birds. Here we soe how potent has been the effeot of
the introduction of a single tree, nothing whatever else having boen
done, with the exception of the land having been enclosed, £0 that
cattle could not enter. But how important an element enclosure is,
I plainly saw near Farnham, in

tops: within the last ten years large spaces have been enclosed,
and self-sown firs are now springing up in multitudes, so close
together that all cannot live. When I ascertained that these:
young trees had not been sown or planted, I was so much sur-
prised at their numbers that Iwent to several points of view,
whenco I could examine hundreds of acres of the unenclosed heath,
and literally I could not see a single Scotch fir, except the ol
planted clumps. But on looking closely between the stems of the
heath, T found a multitude of seedlings and little 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 rings of growth, had, during many years tried to raise its head
above the stems of tho 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.
arren and g0 extensive that no one would ever have imagined that.
cattle would have so closely and effectually searched it for food.

lere we see that cattle absolutely determine the existence of
the Scotch fir ; but in several parts of the world insects determine the
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iusectivorous birds were to decreas in Paraguay, the para
nsects 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 (us indeod I have obser-
ved in parts of South America) the vegetation : this again would
Jargely affect the insects; and this, as we have just seen in Stafford-
shire, the inseetivorous birds, and so onwards in ever-increasing
circles of complexity. Not that under nature the relations will
cver be as simple as this. Battle within battle must be con-
tinually recurring with varying success; 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, so 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 ot see 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 scale of nature, are bound together by a web
of complex ralations. T shall hercafter have occasion to show that
the exotio Lobelia fulgens is never visited in my gurden by inseots,
and consequently, from its peculiar structure, never sets i
Nearly all our orchidaceous plants absolutely require the visits of
inseats to remove their pollen-masses and thus to fertiliso them. I
find {rom experiments that humble-bees are almost indi ispensable to
the fertiliation of the heartsease (Viola tricolor), for other bees do
not visi this flower. 1 have also found that the visits of bes aro
necessary for the fertilisation of some kinds of clover : for instances
20 heads of Duteh clover (Trifolium repens) yiclded 2,200 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
alons visit 7od ciover, as other bees cannot reach fhe nectar. It has
been suggested that moths may fertilise the clovers; but T doubt
whether they could do 80 in the ease of the red clover, from their
weight not being sufficient to depress the wing-petals. Hence wo
may infer as highly probable that, i the whole genus of humble-bees
became extingt o very rare in England, the heartsease and red
clover would become very rare, or wholly disappear, The number
of humble-bees in any district depends in a ereat, measure on the
number 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 aro thus destroyed all
over England.” Now the number of mice is largely dependent, as
overy one knows, on. the number of cats ; and Col. Newman says,
“Near villages and small towns I have found the nests of humble-
bee ‘wumerons than elsewhere, which I attribute to the num-
ber of cats that destroy the mice.” Hence it is quite credible that
the presence of a feline animal in large numbers in a district might
dotermine, through the intervention first of mice and then of bees,
th frequency of cortain flowers in that district!

case of overy species, many different checks, acting at
different periods of life, and during different seasons or years, pro-
bably como into play ; some one check or some few being generally
the most potent; but all will concur in determining the average
nnmber or even the existence of the species. In some cases it can

clothing an entangled bank, we are tempted to attribute their pro-

ortonl s aud kinds S what e el chaae, Bt e e
his! Every one has heard that when an American forest
is out down, a vry different vegotation 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 beautiful diversity and proportion of kinds as in the surround-
ing virgin forest. What a struzzle must have gone on during loog
centuries between the several kinds of trees, each annually scattering
its sceds by the thousand ; what war between. insect and inscc
betaveen inseots, snails, and other animals with birds and beasts of
prey—all striving to increase, all feeding on each other, or on the
frees, ther seeds and seedlings, or on the other plauts which st
clothed the ground and thus cheoked the growth of the trees! e
up & bandful of feathers, and. all fall to the ground
dmmu laws; but how simple is the problem where each shall ml

compared to that of the action and reaction o the innumersble
plants and animals which have determined, in the course of cen-
turies, tho propotional mbers and Kinds of tres now growiog 0
the old Indian rains

dependency of one organic being on another, as of a parasite

on its prey, lies generally between beings remote in the sealo of
nature.  This is ike Wmmmmnawmw

lousts ipeds. the
.xum invariably be most sovero between the individuals of the
require the same
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food, and are exposed to the same dangers. In the case of varicties
of the same species, the struggle will generally be almost cqually
<orere, and we sometimes see the contest soon decided : for instance,
several varieties of wheat bo sown together, and the mixed seed be
resovwn, some of the varieties which best suit the soil o climate, or are
uatorally the most fertile, will beat the others and 5o yield more
seed, and will consequently in a fow years supplant the ofher varic-
ties. o keep up @ mixed stock of even such extremely close vario-
tes as the variously-coloured sweet-peas, they must be cach year
harvested separately, and the seed then mixed in due proportion,
ofherwise the weaker kinds will steadily decrease in number and
disappear. So again with the varieties of sheep: it has been asserted
that certainmountain-varietics will starve out other mountain-
arictics, 8o that, they capnot be kept together. The same result
Tus followed from keeping together different varicties of the medicinal
loceh. Tt may oven be doubted whether the vavieties of any of our
domestic plants or animals have so exactly the same strength,
Tabits, and constitution, that, the original proportions of a mixed
stock (crossing being prevented) could be kept up for half-a-dozen
uerations, if thoy were allowed to struggle togother, in the samo
‘manner as beings in a state of nature, and if the seed or young were
not annually preserved in dne proportion.

Struggle for Life most severe between Individuals and Varictics
e same Specics.

As the species of the same genus usually have, though by no
means invariably, much similarity in habits and constitution, and
always in structure, the struggle will generally be more severe
betwveen them, if they come into competition with each other, than
Tetaveen the species of distinct genern. We sce this in the reccnt
exteasion over parts of the United States of one species of swallow
having eaused. the decreaso of another species. The recent increase
of the missel-thrush in parts of Scotland has caused the decrease of
the 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. Tn Australia the imported hive-beo is rapidly
exterminating the small, stingless native bee. One speces 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 10 one case could we preciscly say why
one species has been victorious over another in the great battle of life.
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A corollay of the highest importance may be deduced from tho
foregoing remarks, namely, that the structure of every organic being
s related in tho most essential yet often hidden manner, to that of
all the other orzanio beings, with which it comes into competition.
for food or residence, or from which it has to escape, or on which it
preys. This s obvious in the structure of the tecth and. talons of
the tiger; and in that of the legs and claws of the parasite which
clings to the hair on the tizer’s body. But in the beantifully plumed

d of the dandelion, and in the fiattencd and fringed legs of the
water-beetle, the relation seems at first confined to the elements of
air and water. Yot tho advantage of plumed seeds no doubt stands
in the closest relation to the land being already thickly clothed with
other plants ; so that the seeds may be widely distributed and fall
on unoccupied ground. In the water-beetle, the structure of its
legs, 80 well adapted for diving, allows it to compete with other
aquatic insects, to hunt for its own prey, and to escape serving a
prey to other animals.

Tho store of nutriment laid up within the seeds of many plants
scoms at first sight to have 1o sort of relation to other plants. But
from tho strong growth of young plants produced from such seedss
45 peas and beans, when sown in the midst of long grass, it may bo
suspected that the chief use of tho nutriment in the seed is to favour
the growth of the seedlings, whilst struggling with other plants
growing vigorously all around.

Look at a plant in the midst of its range, why does it not double
or quadruple its numbers? We know that it can perfectly well
withstand a little more heat or cold, dampness or dryness, for else-
whoro it ranges into slightly hotter or colder, damper or drier dis-
tricts. In this caso we can clenrly seo that if we wish in imagination

 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 tho confines of its geographical range, a change.
of constitution with respect to climate would clearly be an advantage
toour plaut ; but we have reason to balicve 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 tho borders of an utter desert, will
competition cease.
thero will be competition bet
individuals of th s, f

Hence wo can sce that when a plant or animal is placed in &
country amongst now competitors, the conditions of its lifo
generally e changed in an essential manner, although the.
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may be exactly the same as in its former home. If its average num-

are to increase in its new home, wo should bave to modify it in
a different way to what we should have had to do in its native
country; forwe should have to give it someadvantage overa different
set of competitors or enemics.

Tt i good thus to try in imagination to give to any ono species an
advantage over another. Probably in 1o single instance should we
know what to do. Fhis ought to convinee us of our ignorance on
the mutual relations of all organio beings; & conviction as necessary,
as it s difficult to acquire, All that we can o, is to keep steadily
in mind that each organio being s striving to increase in a geometri-
el ratio; that each at somo period of its ife, during some season of
the year, during each generation or at intervals, has to struggle for
Jifi and o suffer great, destruotion. When wereflect on this struggle,
‘we may console 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 visorous, the healthy, and the happy survive and
multiply.
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CHAPTER IV.

NATURAL SELECTION; OR THE SURVIVAL OF THE Frrrest,

Naburl Ealtion iy pover compared with man's selection —its power
‘characters of trifling importance—its power at all ages and on both
Soxes — Sexunl Selection — On the generality of intercrosses betwen
{individaals of the same species— Circumstances favoursble and uafy-
vourable to the results of Natural Selection, namely, fntercrosing,
ilation, wumber f indiiduals—Slow action . Extiatin cxued by
Natural Selection—Divergence of Character, related to t
inhabitants of any small area, and to naturalisation— Action
Slustiny, heongh Dirergoadn of Charses, aud Rablstion o g
sendants rom o oo paren—Esplin th grouping ofall g

s o maultiplication o ol it i

How will the struggle for existence, briefly discussed in the lust
chapter, act in regard to variation? Can the principle of selection,
which we have seen is 50 potent in the hands of man, apply under

the endless number of slight variations and individual differences
ocourring in 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 domestiation, it may be trily
said_ that the whole organisation becomes in some degreo plastie.
But the variability, which we almost universally meet with in our
domestio productions, is not directly produced, as Hooker and
Asa Gray have well remarked, by man he can neither originate
‘varieties, nor prevent umr ocourrence ; ‘hiosn only preserve and
accumulate such as do intenti

ehnsmg mdidmn of life. Can ﬂum
thwm improbable, secing that variations useful wu'm
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ly ocourred, that other variations useful in some way to-
ﬁ"";ﬂi’n th great and complex Lattle of life, should occur in
the course of many i ions ? 1 such d we
doubt (remembering that many more individuals are born than can
Jossibly 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 feel sure that
any variation in the last degreo injurious would be rigidly de-
stroyed. This preservation of faourable individual differences and
variations, and the destruction of those which are injurious, I have
called Natural Selection, o the Survival of the Fittest. Variations
ncither useful nor injurions would not be affected by natural selec-
tion, and would be lef either & fiuctuating element, s perhaps we
sco in certain polymorphic specics, or would ultimately become
fixed, owing to the nature of tho organism and the nature of the
conditions.

Soveral writers have misapprehended or objected o the term
Natoral 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 seloction ; and in this case the individual
differences given by nature, which man for some object selects,
must of necessity first occur. Others have objeoted that the term.
selection implies conscious choice in the animals which become
modified ; and it has even been urged that, as plants have no voli-
tion, natural selection is ot applicablo to them! Tn the literal
sense of the word, no doubt, natural selection is a false term ; but
who ever objected o chemists speaking of the elective affinities of
the various clements ?—and. yet an acid cannot strictly be said to
elect the baso with which it in. preference combines. It has been
said that I speals of natural selection as an active power or Deity ;
bt who objects to an author speaking of the attraction of gravity
as ruling the movements of the planets? Every one knows what
i meant and is implied by such motaphorical expressions; and
they are almost necessary for brevity. So again it is diffiult to
avoid personifying the word Nature; but I mean by Nature, only
the agaregate action and product of many natural laws, and by laws
the sequence of events as ascertained by us. With a little familiarity
such superfiial objections will be forgotten.

Wo shall best understand the probable course of natural selection
by taking tho case of a country undergoing some slight physical
change, for instance, of climate. The proportional numbers of its
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inhabitants will almost immediately underzo a change, and some
species will probably become extinct. Wo 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 itsclf, would seriously affect tho others. It
the country were open on its borders, new forms would certaiuly
immigrate, and this would likewise seriously disturb the relations
of some of the former inbabitants. Let it be remembered how
powerful the influence of a single introduced tree or mammal has
been shown to be. But in the caso of an. island, or of a comnfry
partly surrounded by barriers, into which new and better adapted
forms could not frecly enter, wo should then have places iu the
uld assuredly be better filled up, if
ual inhabitants were in some manner modified;
for, had the area been open to immigration, these same places would
have been scized on by intruders. In such cases, slight modifics-
tions, which in any favoured the individuals of any species, by
bettar adapting them to their altered conditions, would tend to be
rved ; and natural selection would have frec 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
ility; and in the foregoing cases the conditions have changed,
and this would manifestly be favourable to natural selection, by
affording a better chance of the occurrence of profitable variations.
Unless such ocour, natural selection can do nothing. Under the
term of “ variations,” it must never be forgotten that mere indivi-
dual differences are included. As man can produce a great result
with his domestic animals and plants by adding up in any given
direction individual differences, o could natural selection, but far
‘more easily, from having incomparably longer time for action. Nor
doThelieve that any great physical change, as of climate, or any n-
usual degree of isolation to check immigration, i 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
asall the inbabitants of cach country are i with
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the native inhabitants are now o perfectly adapted to each other
and to the physical conditions under which- they live, that none of
them could be still better adapted or improved ; for in all countries,
the natives have been so far conquered by naturalised productions,
that they bave allowed some foreigners to take finm possession of
the land, And as foreigners have thus in every country beaten
some of the natives, we may safoly conclude that the natives might
have been modified with advantage, s0 s to have better resisted tho
intruders.

As man can produce, and certainly has produced, a great result
Ty his methodical and unconscious means of selection, what may not
‘natural selection effect ? Man can act only on external and visiblo
characters: Nature, if 1 may be allowed to personify the natural
preservation or survisal of the fittest,cares nothing for appearances,
except in %o far as they are useful to any being. She can act on
cvery interal organ, on every shade of constitutional difference,
en the wholo machinery of life. Man selects ouly for his own
good : Nature only for that of the being whicl tends. Every
scleoted character is fully exercised by her, as s implied by the fact
of their selection, Man keeps the natives of many climates in the
same country ; he seldom exervises each selected character in somo
peculiar and fitting manner; he feeds a long and a short beaked
pigeon on the same food; he does not exercise a long-backed or
longlegged. quadruped in any peculiar manner; he exposes sheep
with long and short wool to the same climate. = He docs not allow
the most vigorous males to strugglo for the fomales, He does not
rigidly destroy all inferior animals, but protects during each varyi
scason, as far as lies in his power, all his productions. He often
begius his selection by some half-nonstrous form or at least by

somo modification prominent cuough to eatch the eye o fo Ty

plainly usoful to him. Under nature, the slightest differences of
structure or constitution may well turn the nicely-balanced scale in
the struggle for life, and so be preserved. How fleeting are the
wishes and. eforts of man ! how short his time! and consequently
Bow poor will be his results, compared with those acoumalated by
Naturs during whole geological periods! Can we wander, then, tha
Nature's productions should be far “ truer ™ in character than man’s
yroductions; that they should be nfinitely better adapted to the
most complex. conditions of lfe, aud should plainly bear the stamy
of far higher ‘workmanship ?

t may metapharically be said that nataral selection s dail,
hourly serutinising, throughout the world, the slightest vs ..ZQTIT
sejeting thoso that axe bad, preserving and adding up all that g

N
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good; silently and insensibly working, whenever and wherever.
ity offers, ab the improvement of each orgunic Leing iy

o 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 5o imperfect is our view into
long-past geclogical ages, that we seo only that the forms of life aro
now different from what they formerly were.

Tn order that any great amount of modification should bo effected
in a species, a variety when once formed must again, perhaps after
a long interval of time, vary or present individual difforences of the
same favourable nature as before; and these must be again pre-
served, aud so onwards sicp by step. Secing that individual
differences of the sune kind perpetually recur, this can hardly be
considered as an unwarrantable assumption. But whether it is
true, we can judgo 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 possible 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. Whea
we seo leaf-cating 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
birds and insects in preserving them from danger. Grouse, if nos
destroyed at some period of their lives, would increase in countless
imbers; they are known to suffer largely from birds of prey’; sud

:
\

hawks are guided by eyesight to their prey—so much so, that on.
parts of the Continent persons are warned not to keop 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 acqui

true and constant. Nor ought we to think that the occasional

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 colonr of the flesh are con=
sidered by botanists as characters of the most trifling imj %
yet we hear from an excellent horticulturist, Downing, that in the:
United States smooth-skinned fruits suffer far more from a beetles
a Curculio, than those with down; that purple plums suffer far
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n rtain disease than yellow plums; whereas another
diseaso attacks yellow-fleshed peaches far more than those with
uther coloured flesh. 1, with all the aids of art, theso slight differ-
ences make a great diffevence in cultivating the soveral variotios,
asuredly, in @ state of nature, where the trees would have to
struggle with other trees and with a host of encmies, such differ-
ences would effectually setlo which variety, whether a smooth or
downy, a yellow or purple fleshed fruit, should succoed.

In looking at many small points of difference betwoen species,
which, as far as our ignorance permits us to judge, seem quite
unimportant, we must ot forget that climate, food, &. have no
doubt produced some dircct effect. Tt is also necessary to bear in
mind that, owing to the law of correlation, when oue art varies,
and the variations are accumulated through natural selection, other
‘modifications, often of the most unexpected nature, will ensue.

appear
at any particular period of life, tend 1o reappear in the offspring at
the same period ;—for instance, in the shape, size, and flavour of
the sceds of the many varieties of our culinary and agricultural
plants; in the caterpillar and cocoon stages of the varicties of the
silkworm ; in the eggs of poultry, and. in the colour of the down of
their chickens; in the homs of our sheep and cattle when nearly
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 proftable at that age, and by their inheritance at &
corresponding age.  If it profit a plant to have its seeds more and.
more widely disseminated by the wind, I can see no greater diffi-
culty in this being eflected through natural selection, than in the
eotton-planter increasing and improving by selection the down in

cnsuro that they shall not be injurious: for if they were so, the
species would bocome extinct.

Natural sclection will modify the structureof the young in relation
to the parent, aud of the parent in relation to the young. In social
animals it will adapt the structure of each individual for the benefit
of the whole community s, if the community profits by the sclected
cliange. What natural sclection cannot do, is to modify the struc-
ture of ene specics, without giving it any advantage, for the good of

v2
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another species ; and though statements {o this effect may be found

‘Works of matural history, T cannot find. one case which will bear
westigation, A structure used only once in an animal's lif,if of
high importanco {o it, might be modified to any extent by natunl
selection ; for instance, the great jaws possessed by certain inseots,
i ng the cocoon—or the hard tip to the
reaking It hus been

asserted, that of the best short-beak igeons a
number perish in the egg than are able to get out of it; so tha
funciers assist in the act of hatching. Now if nature had to make
the beals 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 which had the most powerful and
hardest beaks, for all with weak beaks would inevitably perish ; ary
more delicate and more easily broken shells might be selected,
the thickness of- the shell being known to vary like every other

structure,

Tt may be well here to remark that with all beings there must bo
much fortuitous destruction, which can have little or no influence
on the course of natural selection. For instance a vast number of
eags or seeds are annually devoured, and these could be modifiel
through natural selection only if they varied in some manner which
protected them from their cnemics. Yet many of these oggs o
seeds would perhaps, if not destroyed, have yielded individuals
better adapted to their conditions of life than any of those which
happened. to survive. So again a vast number of mature animals
and plants, whether or not they be the best adapted to their con-
ditions, must be annually destroyed by accidental causes, which
would not be in the least degree mitigated by certain changes of
structure or constitution which would in other ways be benefcial {0
the species. But let the destruction of the adults be ever 5o heavy,
if the number which can exist in any district be not wholly kept
down by such causes,—or again let the destruction of egas or seeds
‘be so great that only a hundredth or a thousandth part are developed,
—yet of those which do survive, the best adapted fndividuals, sup-
posing that there is any variability in a favourable ion, will
tend to propagate their kind in larger

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
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SMNERT
undergo modification and improvement at the sme time in the
same area,

Seaual Selection.

Inasch us peculiasities often appear under domestication in one
ses and become hereditarily attached to that sex, $o no doubt it will
be under nature, Thus it s rendered possible for the two sexes to
‘e modifed. through natural selection in relation to different habits
of life, s is sometimes the case; o for one sex to be modified in
relation o the other scx, as commonly occars. ‘This leads me to
say a fow words on what 1 have called Sexual Selection. This form of
selcction depends, not on a straggle for existence in relation to other
rganic beings o to external conditions struggle between
the individuals of one sex, generally the males, for the possession of
the other sex. The result is not death to the unsuccessful com-
petitor, but few o o offspring. Sexual selection is, therefore, loss
rigorous than natural scloction. Generally, the most vigorous males,
those which are best fitted for their places in nature, will leave most
progeny.  But in many cases, victory depends not o much on
‘genenal vigour, as on having special weapons, confined to the malo
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 indomifable courage, length
10 the spur, and strength to the wing to strike in the spurred leg, in
nealy the same manner as does the brutal cockfighter by the care-
ful selection of his best cocks. How low in the scale of nature the
Law of battle descends, I know not; malo alligators have been
described as fighting, bellowing, and whirling round, like Tndiaus in
a war-dance, for the possession of the females; male salmons have
been observed fighting all day long; male stag-beetles sometimes
bear wounds from the huge mandibles of other males; the males
of certain hymenopterous inscots have been frequently seen by that
niwitable observer M. Fabre, fighting for a particular femmale who
sits by, an apparently unconcerned boholder of the struggle, and
then retires with the conqueror. The war is, perhaps, severest
Detween the males of polygamous animals, and these seem oftenest
provided with special weapons. The males of carnivorous animals
ane already well armed; though to them and to others, special
means of defence may be given through means of sexual selection,
a8 the mauc to the lion, and the hooked jaw to the male salmon s
for the shield may be as important for victory, 1s the sword or

spear,
Awmongst birds, the contest s often of a more peacoful character,
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All those who have attended to the subject, beliove that there i thy
severest, rivalry between. the males of many specics o attrct, by
singing, the females, Tho rock-thrush of Guiana, birds of paradise,and
some others, congregate ; and successive males display with th most,
claborate care, and show off in the best manner their gorgeous plu-
mage; they likewiso perform strange antics before the females, which,
standing by as spectators, at last choose the most attractive parter,
Those who have closely attended to birds in confinement well know
that they often take individual preferences and dislikes: thus SirR,
Heron has described how  pied peacock was eminently attractive to
all his hen birds, I cannot hero enter on the necéssary details; bus
if man can in a short time give beauty and an elegant carriage fohis
bantams, according to his standard of beauty, I can see no

reason to doubt that female birds, by selecting, during thousands of
generations, the most melodious or beautiful males, accordingto their
standard of beauty, might produce a marked effect. Somo well-
known laws, with respect to the plumage of male and female bird
in comparison with the plumage of the young, can partly be e
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 I have not space here to enter on this

biect.

sul

Thus it is, as T believe, that when the males and females of any
animal have the same general habits of life, but differ in struoture,
colour, or ornament, such differences have been mainly caused by
sexual selection: that is, by individual males having had, in suo-
sessive generations, some slight advantage over other males, in their
weapons, means of defence, or charms, which they have transmitted
to their male offspring alone. Yet, I would not wish to attributeall
sexual differences to this agency : for we see in our domestio 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, aud it is doubtful whether it can be ornamental in the eyes
of the female bird ;—indeed, had the tuft appeared under domestica
tion, it would have been called a monstrosity.

Ttustrations of the Action of Natural Selection, or-the Survival
of the Fittest, w

In order to make it clear how, as I believe, natural selection acts,
T must beg permission to give one o two imaginary illustrations.
Let us take tho case of a wolf, which preys on various .
seeuring some by orafty some by strength, and some by
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us 5] that the flectest prey, a deer for instance, had
f‘:nﬁy mﬁ.”:m ‘country fncreased in numbers, or that other
ey bad decreased in mumbers, during that season of the year when
tho wolf was hardest pressed for food. Under such circumstances the
swiftest and slimmest wolves would Lave the best chance of survi
ing, aud so b preserved or selected,—provided always that they
retainod strength to master their prey at this or some other peri
the year, when they were compelled to prey on other animals. 1 can
s€0 110 more reason to doubt, that this would be the result, than that
man should be able to improve the ficetucss of his greyhouuds by
careful and methodical selection, or by that kind of unconscious
selection which follows from each man trying to keep the best dogs
without any thought of modifying the breed. I may add, that,
‘according to Mr. Picree, there are two varicties of the wolf inhabitin
the Catskill Mountains in the United States, one with a light grey-
‘hound-like form, which pursaes deer, and the other more bulky,
with shorter legs, which more frequently attacks the shepherd's

flocks,

It should be observed that, in the above illustration, T speak of
tho slimmest individual wolves, and not of any single strongly-
‘marked variation having been preserved. In former editions of this
work I sometimes spoke as if this latter alternative had frequently
occurred. 1 saw the great importance of individual differences, and
this led me fully to discuss the results of unconscious selection 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 the preservation in a state of nature of any occasional
deviation of structure, such as a monstrosity, would be a rare event s
and that, if ab first preserved, it would generally be lost by subse-
quent intercrossing with ordinary individuals. Nevertheless, until
reading an able and valuable article in the *North British Review'
(1867), I did not appreciate how rarely single variations, whether
slight or strongly-marked, could bo perpetuated. The euthor takes
the case of a pair of animals, producing during their lifetime two
hundred offspring, of which, from various causes of destruction, only
£¥0 on an average survive {o pro-create their kind. This is rather
an imate for most of the hi imals, but by nomeans
€0 for wany of the lower organisms, He then shows that if a single
individual were born, which varied in some manner, giving it twice
48 good  chince of life as that of the other individuals, yet the
chances would be strongly against its survival, Supposing it tc
survive and to breed, and that half its young inherited the favour-
blo vaiation; stil, as the Revievwer goos on to show, the young
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would have only a slightly better chance of surviving and breading;
and this chance would go on decreasing in the succeeding generg.
tions, The justice of thése remarks cannot, I think, be disputed,
1, for instance, a bird of some kind could procure its food mors
easily by having its beak curved, and if one were born with its beak
strongly curved, and which: consequently flourished, nevertheless
there would be g very poor chance of this one individual perpetuat-
ing its kind to the exclusion of the common form; but there can
hardly be a doubt, judging by what we see taking place under
domestication, that this result would follow from the preservation
during many generations of a large number of individuals with moro
or less strongly curved beaks, and from the destruction of a still
larger number 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 & similar orzanisation being
similarly acted on,—of which fact numerous instances cou'd be
given with our domestic productions. In such cases, if the varying
ety s o it
character, it would undoubtedly transmit to them, as long as the
existing conditions remained the same,a still stronger tendency to
vary in the same manner. There can also be little doubt that the
tendeney to vary in the same manner has often been so strong thas
all the individuals of the sume 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 affectad, of which
fact several instances could be given. Thus Graba estimates that
about one-fifth of the guillemots in the Faroe Islands consist of &
variety so well marked, that it was formerly rnked as a distinet
species under the nawe of Uria Incrymans. In cases 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,

To the effects of intercrossing in eliminating variations of all
kinds, I shall have to recur; but it may be here remarked that
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T
district, competing with and eonquering the unchanged individuals
on the marzins of an ever-increasing circle.

T¢ may be worth while to give another and more complex illus—
tration of the action of natural selection. Certain plants excrete
swoet juice, apparently for the sake of eliminating something in-
jurious from the sap: this is effected, for instance, by glands at the
Luso of the stipules in some Leguminose, and at the backs of the
Ieaves of the common laurel. This juice, though small in quantity,
is greedily sought by insects; but their visits do not in any way
Deneft the plant. Now, let us suppose that the juice or nectar was
excreted from the inside of the flowers of a certain number of plauts.
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 sume species would
thus get crossed ; and the act of crossing, as can be fully proved,
gives rise to vigorous scedlings, which consequently would have the.
est chance of flourishing and surviving. The plants which produced
flowers with the largest glands or nectaries, excroting most nectar,
would oftenest be visited by insects, and would oftenest be crossed ;
and 50 in the long-run would gain the upper hand and form a local
variety. Tho 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 degree 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 neotar; and as pollen is farmed for the sole purpose of
fertilisation, ts destruction appears to be  simple loss to the plant 3
yet if a little pollen were carried, at first occasionally and then
habitually, by the pollen-devouring insects from flower to flower,
aud a cross thus effected, although nine-tenths of the pollen were
destroyed, it might still bo a great gain to the plant to be thus
robbed; and the individuals which produced more and more pollen,
and had larger anthers, would be selceted.

When our lan, by the above process long continued, had been
rondered highly attractive to inscets, they would, unintentionally on
theirpart, regularly carry pollen. from flower to flower; and that
ey do this effectually, I could easily show by many striking facts.
1 will give only one, as likewise illustrating one step in the separa-
tion of tho sexes of plants. Some holly-trees bear only male flowers,
wl 5 _h iwve four stamens producing a rather small quantity of
pollen, and a rudimentary pistil; other holly-trees bear only female-
these have a full-sized pistil, and four stamens with

"
shivelled unthers, in which not u grain of pollen can bo detested.
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ing #und a female tree exactly sixty yards from a male tree, |
:L'z"a‘;,gc stigmas of twenty flowers, taken from different branches,
Ander the microscope, and on. all, without exoeption, thers wers o
few pollen-grains, and on some a. profusion. As the wind had sey
for several days from the female to the male tree, the pollen conld
not thus have been carried. The weather had been cold and
boisterous, and thereforo not. favourable to-bees, nevertheless every
fumalo flower which I examined had been effectually fertilised by
the bees, which had flown from tree to tree in search of nectar. But
to returh to our imaginary caso: as soon as the plant had been
rendered 5o highly attractive to insects that pollen was regularly
carried from flower to flower, another process might commence. No
naturalist doubts the advantago of what has been called the “ physio-
logical division of labour;” hence we may believe that it would be
advantageous o a plant to produce stamens alone in one flower or
on one whole plant, and pistils alone 1n another flower or on another
plant. In plants under culture and placed under new eonditions of
life, sometimes the male organs and sometimes the female orgms
become more or less impotent ; now if we suppose this to occur o
over so slight a degree under nature, then, as pollen is already
carried regularly from flower to flower, and as a more complete sopa-
ration of the sexes of our plant would be advantageous on the prin-
ciple of the division of labour, individuals with this tendeney more
and more increased, would be continually favoured or selected,
antil ot last a complete separation of the sexes might be effected.
It would take up too much space to show the various steps,
through dimorphism and other means, by which the separation of
the sexcs in plants of various kinds is apparently now in progress;
but T may add that some of tho species of holly in North Ameries,
are, aecoring to Asa Gray, in an exactly intommodinte condition, o
s e expresses it, are moro or less dicciously pol;

Let ua now turn to the neotar feading inscets o aun

in the curvature or length of the proboscis, dc. .m slight to bo
appreciated by us, wight profit o boe or other M‘n ;
certain individuals would be able to obtain. their food more
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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
incamate clovers (Trifolium pratense and incarnatum) do not on a
‘Tasty glance appear to differ in length ; yet the hive-bee can casily
suck the nectar ont of the incarnate clover, but not out of the
i red clover, which is visited by humble-bees alone; so that
whole fields 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 i certain ; for 1 have repeatedly seen, but only in tho
antumn, many hive-bees sucking the flowers through holes bitten
in the base of the tube by humble-becs. Tho difference in the
Length of the corolla in the two kinds of clover, which determines
the visits of the hive-bee, must, be very trifling; for T have been
assured that when rod clover has been mown, the flowers of the
scoond 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,
samely, that the Ligurian beo, which s generally considered &
‘mere variety of the common hive-bee, and which freely crosses with
it, is able to reach and suck the nectar of the red clover. Thus, in
4 country where this kind of clover abounded, it might bo a great
advantage to the hive-bee to have a slightly longer o differently
constructed. proboscis. On the other hand, as the fertility of this
clover absolutely depends on bees visiting the flowers, if humble-
bees were 4o become rare in any country, it mizht be o groat
advantage o the plant to have a shorter or more deeply divided
corolla, so that the hive-bees should be enabled to suck its flowers.
T can understand how a flower and a beo might slowly
become, cither simultancously or one after the other, modified and
adapted o each other in the most perfect manner, by the con-
tinued prescrvation 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 same objections
which were first urged against Sir Gharles Lyell's noblo viows on
“the modern changes of the earth, as illustrative of geology;” but
‘we now seldom hear the agencies which we seo still at work, spoken
of as tiffing or insignificant, when used in explaining the excavation

{ the deepest valleys or the formation of long lines of inland
cliffe Natural selection acts only by the preservation and accumu-

ation of small inherited modifications, each profitable to the pre-
served 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 wave,
30 will natural scloction banish the beliof of the continted creation
of now organi beings, or of any great and sudden modification in
their structure.

On the Tutercrossing of Tndividuals.

I must here introduce a short digression. In the case of animaly
and plants with separated sexes, it is of course obvious that two
individuals must always (with the exception of the curious aud
not well-understood cases of parthenogenesis) unite for each birth ;
but in the case of hermaphrodites this is far from obvious.
Novertheless there is reason to believe that with all hermaphrodi
two individuals, either occasionally or habitually, coneur for the
reproduction of their kind. This view was long ago doubtfully
suggested by Sprengel, Knight aud Kolreuter. We shall presently
seo its importance ; but I must here treat the subject with extremo
brevity, though I hiave the materials prepared for an ample dis-
cussion. All vertebrate animals, all insects, aud some other large
‘zroups of avimals, pair for each birth, Modern research fias much:
diminished the number of supposed hermaphrodites, and of renl
hermaphrodites a large mumber 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, aud a vast. majority of plants are hermaphro-
dites. What reason, it may be asked, is there for supposing in
theso cases that two individuals ever concur in reproduction? As
it Is impossible heo to enter on details, I must trust to some
general considerations alone.

In the first place, I have collected so large a body of fucts, and
made so many experiments, showing, in accordance with the almost
universal belief of breeders, that with animals and plants a cross
between different variotics, or between individuals of the sume
variety but of another strain, gives vigour and fertility to the off-
spring;; and on the other haud, that close interbreeding diminishes
vigour and fertility ; that these facts alone incline me to believe
that it is & general law of nature that 1o organic being fertilises
itself for a perpetuity of generations; but that a cross with another

individual is occasionally—perhaps at long. intervals of time—
indispensable.
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i flowers have their anthers and stigmas flly
Z,"‘““.‘E’&'L'“::ﬁm 1f an occasional cross be indispensable.
Sotwithstanding that the plant’s own antbers and pistil stand so
ear each ofher as almost to ensure self-fertilisation, the fullest
froedom for the entrance of pollen from another individual will
explain the above state of exposure of the organs. Many flowers,
on the other hand, have their organs of fructification closely
enclosed, as in the great papilionaceous or pea-fumily; but theso
‘almost jnvariably present beautiful and curious adaptations in
relation to the visits of insects. S0 necessary are the visits of bees
to many papilionaceous flowers, that their fertility is greatly dimi-
ashed if theso visits be prevented.  Now, it is scarcely possible for
insects 1o fly from flower to flower, and ot to carry pollen from.
one to the other, to the great 0od of the plant. Inscots act like a
camel-hair pencil, and it is sufficient, to ensure fertilisation, just to
tonch with the same 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 distinct species ; for it
a plants own pollen and that from another species are placed on
the same stigma, the former is s0 prepotent that it invariably and
completely destroys, as has been shown by Girtner, the influence
of the forcign pollen.

» When the stamens of a flower suddenly spring towards the pistil,
o slowly move ane 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 inseets is often required to
causo the stamens to spring forward, as Kolreuter has shown to be
the caso with the barberry ; and in this very genus, which sems to
Lave a special contrivance for self-fertlisation, it is well known
tat, if closely-allied forms or varieties aro planted near each other,
it is hardly possible to raise pure seedlings, so laraely do they
naturally eross. ~In numerous other cases, far from self-fertilisation
heing favoured, there are special contrivances which cffcically
prevant the stigma receiving pollen from its own flower, as I could
show from the works of Sprengel and others, as well as from my
own obsersations : for instance, in Lobelia fulgens, there is a really
beautiful and elaborate contrivance by which all the infinitely
uumerous potlen-granules are swept out of the conjoined anthers of
cach flower, before the stigwa of that individual flower is ready to
receive them ; and o this flower is never visited, at least in my
ganden, by insects, it never sets a seed, though by placing pollen
from one flower an the stiguwa. of another, T raised plenty of seed-
lings. ~ Another species of Lobelia, which s visited by bees, seeds
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frely in my garden. In very many other cases, though here is no
special mechanical contrivance to prevent tho stigma receiving
pollen from the same flower, yet, as Sprengel, and. more recently
Hildebrand, and others, have shown, and as T can confirm, cither
the anthers burst before the stigma is ready for fertilisation, or th
stigma is ready before the pollen of that flower is ready, so that
these so-named dichogamons plants have in fact separated sexes,
and must habitually be crossed. So it is with the reciprocally
dimorphic and trimorphic plants previously alluded to. How.
strango are these 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 sclf-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 distinct individual
being advantageous or indispensablo!

1f several varieties of the cabbage, radish, onion, and of some
other plants, be allowed to seed near each other, a large majority of
the seedlings thus raised turn out, as I have found, mongrels: for
instance, I raised 233 seedling cabbages from some plants of difforent.
varieties growing near each other, and of these only 78 were true to
their kind, and some even of these were not perfectly true. Yot
the pistil of each cabbage-flower is surrounded. not only by its own
six stamens, but by those of the many other flowers on the same
plant; and the pollen of each flower readily gots on its own stigma.
without insect-agency; for I 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 scedlings are mon-
grelized ? Tt must ariso from the pollen of a distinet variefy having
& prepotent effect over the flower's own pollen; and that this is

always prepotent aver foreign pollen; but to this subject we shall
return in a fature chapter.

In the case of a large tree covered with innumerable flowers, i6
may be objected that pollen could seldom be carried from tree to
tree, and at most only from flower to flower on the same tree; and.
flowers on the same tree can be considered as distinct individuals
only in a limited sense. I believe this objection to be valid, bub
that nature has largely provided against it by giving to tres a
strong tendency 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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e this will give a better chance of pollen being
m&?ﬁ?\-&;‘}m nee te tree. That trees belonging 1o all
eders Tavo.thelr sexes moro often separated than other plants, T
{ind to be tho case 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
hand, Dr. Hooker informs me that the rule does n.\rl hold good in
Australia; but if most of the Australian trees are dichozamons, the
same result would follow as if they bore flowers with separated
sexes., 1 have mado theso fow remarks on trees simply to call

attention to the subject. 4 ) -
"Turning for a brief space to animals: various terrestrial species
ites, such as the llusca and earth

are
but these all pair. As yet I bave not found a single terrestrial
animal which can fertilise itself. This remarkable fact, which offers
50 trong a contrast with terrestrial plants, s 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 tho wind with plants, by which an occasional cross
could be effected with terrestrial animals without the concurrence of
two individuals, Of aquatic animals, thero are many self-fertilising
hermaphrodites; but hero the currents of water offer an obvious
means for an occasional cross. ~As in the case of flowers, I have as
yet failed, after consultation with ane of the highest authorities,
‘namnely, Professor Huxley, to discover a singlo hermaphrodite animal
with the organs of reproduction so perfectly enclosed that access
from withont, and the oceasional influence of o distinet individual,
can be shown to 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 aro self-fertilising hermaphrodites, do
es cross,

1t must have struck most naturalists as a strange anomaly that,
both with animals and plants, some species of the same family and.
ven of the same genus, though agrecing closely with each other in
their whole organisation, are hermaphrodites, and_some unisexual.
But i, in fact, all hermaphrodites do occasionally intercross, the
differonce between them and unisexual species is, as far as function
is concerned, very small.

Fror sevenal considerations and from the many special
facts which I have collected, but which I am unable hero-to give,
it appoars that with animals and plants an occasional intercross
Lebween disinct individunl is  very general, if not wniversal, law
ure.
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Circumstances favourable for the production of new forms
through Natural Selection.

This is an extremely intricate subject. A grea amount of varia-
Jility, under which term individual differences are always included,
will evidently be favourable, A large nomber of individuals, by
siving a better chance within any given pariod for the appearanco
of profitable variations, will compensate for a lesser amount ot

iability in cach individual, and is, I believe, a highly important
element of success. Though Nature grants long periods of time for
the work of natural selection, she does not grant an indefinity
period ; for as all organic beings are striving to seize on each place
n the economy of nature, if any one species does not become modi-
fied and improved 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 effected by natural
selection. The tendency to reversion may often check or prevent the
work; but as this tendency bas not prevented man from forming
by selection numerous domestic Taces, why should it prevail agains
uatural selection ?

the case of methodical selection, a brecder selects for some
definite olject, and if the indisiduals be allowed frely to intercross,
his work will completely fail. But when many men, without
intending to alter the breed, have a nearly common standard of
perfection, 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
selected individuals. Thus it will be under nature; for within &
confined area, with some place in the natural polity not perfectly
occupied, all the individuals varying in the right direction, though
in different degrees, will tend to be prescrved. But if the area by

it several districts will almost certainly present different
conditons of Lfe; and then, if the sane spesics undergoes modif-
-eation in dif listricts, t] T ot

5 ill intercross
on the confines of each. But we shall see in the sixth ch-l;ar that
intermudiate varicties, inhabiting intermediate districts, will in the
Joug run generally he supplanted by one of the adjoining varieties.
Intercrossing will chiefly affect those animals which unite for each-
irth and wander much, and which do not breed at a very quick
zate. Hence with animals of this nature, for instance, birds,
‘varieties, will generally bo confined to separated countries; and this
Lfind to be the ease. - With hermaphrodite. organisms which eross-
only oceasionally, and likewise with animals which unite for e
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birth, bt which wander litéle and can incrense at 4 rapid Tate, a
Dow and improved varety might bo quickly formed on any one
spot, and might there maintain itself in a body and afterwards
ipread, so that the iudividuals of the new variety would chiefly
eross together. On this principle, nurserymen always prefer saving
teed from o largo body of plants, as the chance of intercrossing is
ths lossened. :

Evey with animals which unite for cach birth, and which do not
| ropazhte rapidly, we must not assume that free intercrossing would
always eliminate tho efects of natural selction s for I can bring
forward a considerable body of ficts showing that within the same
aren, two varieties of the same 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
together.

Tntercrossing plays a very important part in nature by keeping
the individuals of the same species, or of the same variety, true and
uniform in charaster. 1t will obviously thus act far more efficiently
with those animals which unite for each birth ; but, as already stated,
o have reason to believe that occasional intercrosses take place with
all animals and plants. Even if these take place only at long inter-
vals of timne, the youns; thus produced will gain so much in vigour
and fertility over the offgpring from long-continued solf-fertilisation,
that they will have a better chance of surviving and propagating
their kind ; and thus, in the long run, the inflnence of crosses, even
at rare intervals, 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 tho samo conditions of life,
only through the principle of inheritance, and throngh natural selec.
ton which will destroy any individuals doparting from the proper”
type. If the conditions of life change and the form undergoes modifi-
cation, uniformity of character can be given to themodified offspring,

lely by natural selection preserving similar favourablo variati

Tsolation, also, s an important clement in the modification of
species through natural selcction. Tn a confined or isolated. area, if
10t very large, the organic and inorganic conditi
generally be almost uniform ; so that natural selection wil
modify all the varying individuals of the same species in the same
manier, Tnterorossing with tho inbhabitants of the sumounding dis-
tricts will also, be thus prevented. - Moritz Wagner has Intely pub-
Tished an interesting essay on this subjcet, and has shown that tho
survice rendored by isolation in preventing crosses between newly-
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ormed varieties is probably greater even than T supposed. But

:r:n:neeasons nlmmlyp:wia“ﬁd Toan by o mesus S
naturalist, that migration and isolation are necessary clements for
tho formation of new species. The importanco of isolation is like-
wise great in preventing, after any physical change in the conditions
such as of climate, elevation of the land, &, the immigration of
Detter adapted orgafisms; and thus new places in the natura]
economy of the district will bo left open to be filled up by he
‘modification of the old inhabitants. Lastly, isolation will give time
for a new vaiety o be improved at a slow rate ; and this may some-
times bo of much importance, I, however, an isolated area be very
small, either from being surrounded by barriers, or from having very
peculiac 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 favourable
‘variations arising.

The mere lapse of time by itself does nothing, either for or against
natural seloction. I state this becauso it has been erroncously
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 lif
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, accumulated, and fixed. It likewiss
tends to increase the direct action of the physical conditions of life,
in relation to tho constitution of each organi

If we turn to nature to test the truth of these remaks, and look
at any small isolated area, such as an oceanic island, although the
number of species inhabiting it is small, as we shall seo in our
chapter on Geographical Distribution ; yet of these species a very

proportion are endemic,—that is, have been produced there,
and nowhere elso in the world. Hence an oceanic island at first
sight seems to have been highly favourable for the production of
ne . But we may thus deceive ourselves, for to ascertain
whether a small isolated area, or a large open area like a continent,
has been most favourable for the production of new organic forms,
we ought to make the comparison within equal times; and this we
are incagable of doing,

Although isolation is of great importance i on of new
species, on the wholo I otz to et ?\.:zw«l area
8 still more important, especially for the production of species which
shall prove capable of enduring for a long period, and of spreading
widely. - Throtghout a great and open ares, not only will there bos
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chance of favourable variations, arising from the large number
mviduh of the same species there supported, but the conditions
of lifo are much more complex from the large number of already

g species ; and if some of these many species become modificd
and improved, others will have to be improved in a corresponding
degree, or they will be exterminated. Fach new form, also, as soon
4 it has been much improved, will be ablo to spread over the open
and continuous area, and will thus come ino 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,
40 n certain extent, have concured. Finally, I 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 moro rapid on large arcas ;
and what is more important, that the new forms produced on largo
areas, which already have been victarious over many competitors,
will bo those that will spread most, widely, and will give rise to the
greatest number of new varieties and spocics. They will thus play
4 more important part in the changing history of the organic
world.

Tn accordance with this view, we can, perhaps, understand some
facts which will be 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 i that continental productions
have everywhero become so laraely naturalised on islands. On &
small island, the race for life will have been less severe, and there
il have been loss modification and less extermination. ~ Hence, we
can understand how it is that the flora of Madeira, according to
Oswald Heer, resombles to a certain extent the extinct tertiary flora
of Europe. Al fresh-water basins, taken together, make a small
area compared with that of the sen or of the land. - Consequently,
th competition betsween fresh-water productions will have been less
severe than elsewhere ; new forms will have been then more slowly

Ortithorhynchus and Lepidosiven, which, like fossils, connect to &

certain oxtent orders at present widely sundered. in the matural

scale. These anomalous forms may be called Tiving fossls; they

have endured to the present day, from having iuhabited » confinel
a2
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aren, and from laving been exposed to les variod, and therefore less
wer ition. "
“'Af(:‘:nc\:::::f a5 tho extreme intrieacy of the subject permits,
i favourable and for the prod
s natural seection. 1 concludo that for terrestrial
o continental aren, which has undergone many
D eilations of lovel, will have been the most favourable for the pro-
etion of many novw forms of ife, fitted to endure for a long timo
and to spread widely. Whilst the area existed as a continent, tho
inhabitants will have been numerous in individuals and kinds, and
bjooted to severo compefition, When converted

: .

the
new species throug

wmany individuals
on the confines of the range of each mew species will have been
checked : after physical changes of any kind, immigration will have
been prevented, so that new places in the polity of each island wi
have had to be filled up by the modification of the old inhabitants;
and time will have been allowed for the varicties in each to become
well modified and perfeoted. When, by renewed elovation, the
islands were reconverted into o 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 been
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 fair
field for natural selection to improve still further the inhabitants,
and thus to produce new specics. :

That natural selection generally acts with extreme slowness I fully
aduit. Tt can act only whon there are places in the natural polity
of a district which can be better occupied by the modification of
somo 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 pro-
vented. As some few of the old inhabitants become modified,

* the mutual relations of others will often be disturbed ; and this
il create new places, ready to 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

ing. Many will exclaim
that theso several causes nre amply suffcient to neutralise the power
of natural selction. 1 do not believe so. But 1 do beliove that
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will generally act very slowly, ouly at long interval
of time, and only on a few of the inhabitants of the same region. L
further believe that these slow, intermittent Tesults accord well
with what geology tells us of the rate and manner at which the in-
habitants of the world he

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 beauty and complexity of the coadaptations between
all organic beings, one with another and with their physical con-
ditions of life, which may have been effccted in tho long course of
time through nature's power of selcction, that is by the survival
of the fittest.

Eatinction caused by Natural Selection.

This subject will be more fully discussed in our chapter on
Geology ; but it must here be alluded to from being intimately con=
nected with natural selection. Natural selection acts solely throngh
the preservation of variations in some way advantageous, which
aonsequently 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
sumber, 50, generally, will the less favoured decrease and become
ware, Rarity, as geology tells us, is the precursor to extinction. We
can see that any form which is Teprescnted by few individuals will
run a good chance of utter extinction, during great fluctuations in
the nature of the seasons, or from a temporary increase in the number
of its enemies. But we may go further than this; for, as new forms
are produced, unless we admmit that specific forms can go on indefi-
nitely increasing in number, 1many 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 number of spocies throughout the world has not
become immeasurably great.

‘We have seen that the species which are most numerous in
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
diffused or dominant species which offer the greatest mumber of
recorded varictios. Hence, rare species will be less quickly modified
or improved within any given period ; they will consequently be
beaten in the race for L modified and ianproved descendants
of t.l\c commoner specic

Foom thse sevel. sonsidertions T thik it inevitably follows,
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iinction by Natural Selection.  Cukr.1y,

that as new species in the course of time are formed through natura)
selection, others will become rarer and rarer, and finally extinet.
“The forms which stand in closest competition with those undergoing.
wmodification and improvement, will naturally suffer most. And we
have seen in the chapter on the Struggle for Existence that it i the
most closely-allied forms,—varieties of the same species, and species.
of the sam gonus or of related genera,—which, from having nearly
the same structure, constitution, and habits, generally come into
the severest. competition with each other; consequently, cach new
Varioty or specics, during the progress of its formation, will generally
press hardest on its nearest kindred, and tend to exterminate them,
We sc the same process of extermination amongst our domesticated
productions, through the scleotion of improved forms by man.
Many curious instances could be given showing how quickly new
reeds of cattle, sheep, and other animals, and varieties of flowers,
take the place of older and inferior kinds. In Yorkshire, it is
historically kuown that the ancient black cattle were displaced by
the long-horns, and that these “were swept away by the short-
horns” (1 quote the words of an agricultural writer) “ as if by some
‘murderous pestilence.”
Divergence of Character.

 The principle, which T have designated by this term, is of high
importance, and explains, as I believe, several important facts. In
the first. place, varieties, oven strongly-marked ones, though haviag
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 each other than do good and distinct species. Neverthe-
less, according to my view, varieties aro species in the process of
formation, or are, as I have called them, incipient specics. How,
hen, does the lessr difterenco betwrean varities become wugmented
nto the greater difference between species? 'That this does habitu-
ally happen, we must infer from most of the innumerablo species
:ﬁ::gon:h nature preseuting well-marked differences ; whereas

5 5
Shds e, Wit e e e el kel

ent sl differences, Mere chance, a5

;ma:,:.ord-cmumz between the spoies of the mme
As has always boen my practice, T have sought light on this
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head from our domestic productions. We shall here find something
analogous. Tt will be admitted that the production of races o
different as short-horn and Hereford cattle, ace and cart horses,
the several breeds of pigeons, &e., could never have been efocted by
the mere chance accumulation of similar variations during man
successive generations. In m,x fancier is, for instance, struck
by a pigeon having a slightly shorter beak; another fancier is
Struck by o pigeon having @ rther longer beak; and on the
acknowledged principle that * fanciers 30 o will ot e
a medium standard, but like extremes,” they both go 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, we may suppose that at an
early period of history, the men of one nation or district required
swifter horses, whilst those of another required stronger and bulkier

e graser, aud would Do ool s fomiog o mb-eeds
Ummmly, after the lapse of centurics, these sub-breeds woul
e et i el bt s o s
the differences became greater, the inferior animals with interme-
diate charaoters, 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 differonces, at
first barely appreciable, steadily to increase, and the brecds to
diverge in character, both from each other and from their common
parent.

But how, it may be asked, can any analogous principle apply in
aature? T believe it can and does apply most efficiently (though it
was a long time before I saw bow), from the simple circumstance
that the more diversified the descendants from 5
become in structure, constitution, and habits, by so much will they
bo betier enabled {0 seize on many and widely diversified places
in the polity of nature, and so be enabled to increase in numbers.

We can clearly discern this in the case of animals with simple
labits. Take the case of a canivorous quadruped, of which the
number that an be supported in any country has long ago arived
atits full average. If its natural power of increase be allowed to
act, it can succeed. in increasing (the conntry 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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88 Divergence of Claracter. i1y,

{nstance, being enabled to feed on new kinds of prey, either dead
i g o ung ncw ations, limbing rees, fequenting
ater, and some perhaps becoming less carnivorous. The mors
diversified in habits and. structure the descendants of our carnivo-
Tous anitals become, the more places they will be enabled to oocupy.
What applies to one animal will apply throughout all time to all
animals—that is, if they vary—for otherwise natural selection can
effct notling, S0 it will b with plants. 1t bas been experi-
mentally proved, that if  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. fTho
same has been found to hold good when one variety and seveml
mixed varieties of wheat have been sown on equal spaces of ground,
Hence, if any one species of grass were 0 g0 on varying, and th
Varicties were continually selccted which differed from each other
tho same mauner, though in a very slight degree, as do the
stinct species and genera of grasses, & greater number of individual
plants of this species, including its modified descendants, would
suceeed in living on the sume 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 distinct varieties; and
varicties, when rendered very distinct from each other, take the rank
of specics.

Tho truth of the principle that the greatest amount of life can bo.
supported by great diversification of structure, is seen under many
natunal circumstances. In an extremely small area, especially if
freely open to jmmigration, and where the contest between idivi-
dualand individual must be very severe, we always find great
diversity in its inbabitants, For instance, I found that a piece of
tur, threo fect by four in size, which had been exposed for may,

in small ponds of fresh water. Farmers find that they can raise.
most food by a rotation of plants belonging to the most different
ordens : nature follows what may be called a simultaneous rotation.
Mot of the animals and plants which live close round any
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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
Somosion e adranagesof averitnton of structure, with th
accompanying differences of habit and constitution, determine
that the inhabitants, which thus jostle each other most closcly,
shall, 18 @ general rule, belong to what we call different genera
and orders,

The same principle in the nataralisation of plants through
mas ngency n fregn lands. 1t might. have boen expected that
theplants which would succeed in becoming naturalised in any
teni woula el have b closely allied to the indigenes; for
thes only looked at as specially created and adapted
for '.beir own nx)unlry. 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, Bt the
caso is very different; and Alph. de Candolle has well remarked, in
lis great and admirable. work, that floras gain bynlmrnhmmon,
proportionally with the number of the native genera and speci
far more in new genera than in new species. To give a
instance: in the last edition of Dr. Asa Gray's ‘Manual of the
Flors o the Norhern Unitd State 260 naturlised. plnts aro
enumerated, and these belong to 162 genera. We thus see that
R & e il i They
differ, moreover, to a large extent, from the indigenes, for out of the
162 naturalised. genera, no less than 100 genera are not there indi-
genous, and thus a large proportional addition is made to the genera
now living in the United States,

By considering the nature of the plants or animals which have in
any country struggled successfully with the indigenes, and have
there become naturalised, we may gain some crude idea in what
‘manner some of the natives would have to be modified, in order to
suin an advantage over their compatriots; and we may at least
infer that diversification of structure, amounting to new generic
iflses, woud b proftale o hen.

“The advantage of diversification of structure in the inhabitants
of the same region is, in fact, the same as that of the physiological
division of labour in the organs of the same individual body—a
subject 50 well elucidated by Milne Edwards. No physiologist
doubts that a stomach adapted to digest vegetable matter alone, or
flesh alono, draws most nutriment from these substances. S0 in tho
generul coonomy of any land, the more widely and perfectly the
aninals and plants are diversified for different habits of life, s0 will
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4 individuals be capable of there supporting
e el it e argiaion I T
diversifed, could hardly competo with & setmore perfectly diversified
n stracture. 1t may be doubted, for instance, whether the Austr~
lian marsupials, which are divided into groups differing but littlo
from cach other, and fecbly representing, as Mr. Waterhouse and
others have remarked, our carnivorous, ruminant, and rodent mam-
‘mals, could successfully compete with: these well-developed orders.
In the Australian mammals, we see the process of diversification in
an early and incomplete stage of development.

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 tho modified descendants of any one species-
will sucoeed so much the better as they become more diversified in
structure, and are thus enabled to encroach on places occupied by

Now let us see how this principle of benefit being
rgence of character, combined with the principles.
of natural seleotion and of extinction, tends to act.

The accompanying diagram will aid us in understanding this.
rather perplexing subject. Let A to L represent the species of &
genus large in its own country; theso species are supposed fo
Tesemble each other in unequal degrees, as is so generally the cass
in nature, and as is represented in the diagram by the letters.
standing at unequal distances. 1 have said a large genus, becanso
s we saw in the second chapter, on an average more species vary in
large genera than in small genera ; and the varying species of the
large genera present a greater number of varictics. We have, also,
scen that tho species, whioh are the commonest aud the most widely
diffused, vary more than do the rare and restricted species. Let (A)
be & common, widely-diffused, and varying species, belonging t0 &
genus large in its own counfry. The branching and diverging
dotted lines of unequal lengths proceeding from (A), may represent;
its varying offspring, The variations are supposed to be extremely

 slight, but of the most diversified nature; they are not supposed all
to appear simultancously, but often after long intervals of time; nor
are they all supposed to endure for equal periods. Only those.
variations which are in some way profitable will be preserved of
naturally selected. And here the importance of the principle of

‘benefit derived from divergence of character comes in 3 for this will

generally lead to the most different or divergent variations (vepre=
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sented by the outer dotted lines) being preserved and accumulated

%y natural selcotion. When a dotted I reaches ono of the hori-
zontal Tines, and is there marked by a small numbered lotter, a
suffcient amount of variation s supposed to have been aceumulated
to form it into a firly woll-marked variety, such a5 would bo
thought worthy of record in a systematic work.

The intervals between the horizontal lines in the diagram, may
represent each @ thousand or moro generations.  After a thousand
generations, specics (A) s supposed to have produced two fairly

* well-marked varictics, namely @l and m!, These two varieties will
generally stll be exposed to the sume conditions which made their
‘parents variable, andthe tendency to variability is in tself heredi-
tary; consequently they will likewise tand to vary, and commonly
in nearly the same manner as did their parents. Moreover, these
o variotics, being only slightly modified forms, will tend to inherit
those advantages which mado their parcnt (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 produetion of new

1, then, theso two varitics be variable, the most divergent of
their variations will generally be preserved during the next thousand
generations.  And after his interval, variety a is supposed in. the
diagram to have produced variety o, which wil, owing to the prin-
ciple of divergence, differ more from (A) than did variety al.
Variety ' is supposed. to have produced two varicties, namely m*
and &, differing from cach other, and more considerably from their
common parent (A). Wo may continuo the process by similar
stepsyfor any length of time; some of the varieties, aiter each
thousand generations, producing only a single variety, but in & more

aud more wmodifiéd condition, some producing o or thrce variotics,
and some failing to produce any. Thus the varieties or modified
descendants of the common parent (A), will geuerally go o
increasing in number and diverging in chacter. In the diagram
the process is represented up to the ten-thousandth generation, and
under a condonsed and simplificd form up to the fourteen-thonsandth
generation.

But Tmust here remark that I do not suppose that the process
ever gocs on 5o rezularly as is represented in the diagram, though in
itself made somewhat irregular, nor that it goes on continuously; it
is far more probable that each form remains for long periods unal~
tored, and then again undergoes modification. Nor do I sappose
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that the most divergent varieties are invariably presorved: o
‘medium form may often long endure, and may or may not prodice
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 oocupied. by other beings; and this
depend on infinitely complex: relations. But as  general rul, tho
e i i tho descendants from any one species
‘be rendered, the more places they will bo enabled to seize on,
and the more their moditied progeny will increase. In our diagrum.
the line of succession is broken at regular intervals by small pum-
bered letters marking the successive forms which have become
sufficently distinct to be recorded as varioties, But theso breaks
are imaginary, and might have been inserted anywhere, after inter-
vals long enotgh to allow the accumulation of a considerable amoru
stdifgent macion.
As all the modified descendants from & common and widely-
\l)ﬂ'\\smd specics, belonging to a large genus, will tend to partako
[ the same advantages which made their parent successful in
U, they il generlly go on mllplying i suoaber as WAl a8
diverging in character : this is represented in the diagram by the
several divergent S soan proceeding from (A). The modifiel
offspring from the later and more highly improved branches in tho
lines of descent, will it is probable, often take the place of, and 50
mm“y, the carlier and less improved branches: this is represented
n the diagram by some of the lower branches not reaching to the
e Horisontal lnsk. Tn_ sema. e 0 o i R
anodification will be confined to @ single line of descent, and th
number of modified descendants will mot be increased ; alhongh
#the amount of divergent modification may have been augmented.
This case would he represented in the diagram, if all the lines pro-
cceding from (A) were removed, excepting that from a' to a®, In
the same way the Enalish race-horse and English pointer have appa-
rently both gone on slowly diverging in character from their original
stocks, without cither having given off any fresh branches or races.
x ten thousand generations, species (A) is supposed to have
produced three forms, a¥, /%, aud m¥, which, from having diverged
in character during the successive generations, will have come to
differ largely, but perhaps unequally, from each other and from
their common parent. 1f we supposo the amount of change be-
4ween each horizontal line in our diagram to be excessively sl
these three forms ay still bo only well-marked varietics;
have only to suppose the steps in the process of modification S
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
varioties are increased into the larger differences distinguishing spe-
cies, By continuing the same process for a greater number of gene-
rations (as shown in the diagram in a condensed and simplified
manner), wo get ight, specics, marked by the leters betwon ait
and %, all dosconded from (A). Thus, us T believe, species arc
maltiplied and gonera are formed.

In a large genus it s 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, either
two well-marked varieties (% and 21) or {wo species, according to-
the amount of change supposed to be represented between the hori-
sontal lines. _ After fourteen thousand generations, six new sy
marked by the letters 2 to 5% are supposed to have been produced.
In any genus, the species 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 different places in the polity
of nature: henco in the diagram I have chosen the extreme species
(A), and the nearly extreme species (1), as those which have largely
vatied, and have given rise to now 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 do-
scendants ; and this is ahown in the diagram by the dotted lines
unequally prolonged upward:

ol o) o G ovifontion Yckeasioms i 5 i
‘gram, another of our principles, namely that of extinction, will have
played an important part. As in each fully stocked country natural
selection necessarily acts by the selected form having some advan-
tage in the struggle for life over other forms, there will be a constant
tendency in the improved descendants of any one species to sup-
Dant and esterminato in exch stage o dosant thi ‘predecessors
and their original progenitor. For it should be remembered that
the competition will generally be most severe between those forms
which are most nearly related to each other in habits, constitution,
and structare, Hence all the intermediate forms between the earlier
and later states, that is botween the less and more improved states
of the sume species, as well as the original parent-species itself, will
genenally tend to become extinet. So it probably will bo with many
whole collateral lines of descent, which will be conquered by ls
and improved lir If, however, the modified offspring of a species
et into some distinct country, or become quickly adapted to some
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n, in which offspring and progenitor do not come
mpetition, both may continue to exist.

1f, then, our diagram be assumed to represent  considerablo
amout of modlfcaion species (A) and all the earlier varieties will
Jave become extinct, being replaced by eight new species (a¥ to
m4); and species 1wl b roplaced. by six (s to ) nev speces

But wo may go farther than this, The original species of our
gonus wero supposed to resemmblo cach otber in_ uncqual degrecs, a8
is so generally the case in naturo; species (A) being more nmly
related to B, C, and D, than to the other species ; and specics (1)
more to G, H, K, L, than to the others, Theso two species (A) and
(@ rers slto puppose. 1o Do very common and widely diffused
species, 5o that they must originally have bad some advantage over
‘most of the other species of the genus. Their modified descendants,
fourteen in number at the fourteen-thousandth generation, will
probably have inberited some of the same advantages: they have
also been modified and improved in a diversified manner at each
stage of descent, 8o s o have become adapted to many related
places in the natural economy of their country. It seoms, therefore,
extremely probable that they will have taken the places of, and
thus exterminated, not only thei parents (A) and (T), but likewise
some of the original species which were most nearly related to
parents. Henco 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 (E and F) which were
least closely related to the 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
in character between species a'* and 2 will be much greater than
that between the most distinct of the original cleven species.
now species, moreover, will be allied to each other in a widely dif-
forent manner. - Of the cight descendants from (A) the three marked
@, g g, will be nearly rolated from having recently branched off
from a5 B, and £, from having diverged at an earlier period from
a, will be in some degree distinct from the throe first-named specics;
and lastly, 0", ¢, and m¥, will be nearly related one to the other,
but, from having diverged at tho first commencement of the process
of modification, will b 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 gener.
But as the original species (1) differed largely from (A), standing.
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nearly at the extreme end of the original genus, the six descendants
from (1) will, owing to inheritance alone, differ considerably from
the cight descendants from (A)3 the two groups, moreover, aro
suppose to have guno o diverging in diflret directions, Ty
intermediate species, also (and this is a very important cor

tion), which connected the original species (A) and (I), hm -ll
eoume, excepting (1), ezt and have left no déscendant
Tence the six new species descended from (1), and the cight
scended from (A), will have to be ranked as very distinct genera,
ot even as distinct sub-fumilies.

"Thus it is, as 1 believe, that two or more genera are produced
by descent with modification, from two or more species of the sume
genns. And the wo or more parent-species are supposed to be
desoends i 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.

Tt is worth whils to reflect for a moment on the charaoter of the
new species ¥, which is supposed not to have diverged much in
chamucter, but to have retained the form of (F), either unaltered or
altered only in a slight degree. In this case, its affinities to the
other fourteen new species will be of a curious and circuitous nature,
Being desoanded from a form which stood between the parent-species
(A) and (1), now supposed. to be extinet and unknown, it will be
in somo degree intermediate in character between the two groups
descended from these two species. But as these two groups have
gono on diverging in character from the type of their parents, the
new species () will not be direotly intermediate between them,
but rather between types of the two groups; and every naturalist
will be able to call such cases bofore his mind.

To tho diagram, each horizontal line has hitherto been supposed
to_represent a thousand generations, but cach may represent o
million or more generations ; it may also represent a scotion of the
snecesivestata of the arti's crust including extinet remains, Wo

when we come to our : chaptaean ology, bava o et again
o i subject, and k we shall then see that the diagram
hrows Tight on the aibnities of extinct beings, which thongh gone-
rally belonging to the sume orders, families, or genera, vnth um
now living, yet are often, in some degree, intermedinte in
Letween exinting groups and wo can wderstand ths fct, for tho
extint species lived at various remote epochs when the branching
lines of descent had diverged less.
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1 see no reason to limit the process of modification, as now ex-
plained, to the formation of genera alone. 1f, in the diagram, we
suppose the amount of chango represented by each suceessive
of diverging dotted lines to be great, the forms marked a to 3,
those marked 5 and /%, and thoso marked 0 to muM, will formy
thres very distinct genera., We shall also have two very distinet
genera descended from (1), differing widely from. the descendants
of (A). These two groups of genera will tius form two distinct
families, or orders, according to the amount of divergent modifica-
tion supposed o be represented in the diagram.  And the two new
fumilies, or orders, are descended from two species of the original
genus, and these are supposed to be descended from some still more
ancient and unknown form.

‘We have seen that in each country it is the species belonging
to the larger genera which oftenest present varieties or incipient
species. This, indeed, might have been expected; for, as natural
selection acts through one form having some advantage over other
forms in the struggle for existence, it will chiefly act on thoso which
already have somo advantages and the largeness of any group
shows that its species have inherited from & common ancestor somo
advantage in common. Hence, the struggle for the production of
new and modified.descendants will mainly lie between the larger
groups which are all trying to increase in number. One large grop
will slowly conquer another large group, reduce its numbers, and
thus lessen its chance of further variation and improvement.
Within the sume large group, the later and more highly perfooted
sub-groups, from branching out and seizing 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, wo
can predict that the groups of organio beings which are now largo
and triumphant, and which are least broken up, that is, which have
as yet suffered least extinetion, will, for  long period, continue to
increase. But. whichegroups will ultimately prevail, no man can
predict; for we know that many groups, formerly most extensively
developed, have now become extinct. Looking still more remotely

cont
steady inorease of the larger gronps, a multitude of smaller gronps
will become utterly extinet, and leave no modified descendants;
aud consequently that, of the species living at any one period,
extremely few will transmit descendants to a remote futurity.
shall have to return o this subject in the chapter on Classification,
but I may add that as, acconding to this view, extremely fow of the
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tuore ancient species have transmitted descendants to the present.
day, and, as all the descendants of the same species form a ciass, we
can understand how it is that there exists so fow classes in each
main division of the animal and vegetable kingdoms. ~Althongh
few of the most ancient species have left 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 advance.

Natural Selection acts exclusively by the preservation and accu-
mulation of variations, which are beneficial wnder the organic and
inorganic conditions to which each creature is exposed at all periods
of life, The ultimate result is that each creature tends to becomo
more and more improved in relation to its conditions. This im-
provement inevitably leads to the gradual advancement of the
‘organisation of the greater number of living beings throughout the
world. But here we enter on a very intricate subject, for naturalists
‘have not defined to each other’s satisfaction what is meant by an
advance in organisation. Amongst the vertebrata the degree of
intelleet and an in_ stracture to man clearly come into
play. It might be thought that the amount of change which the
various parts and organs pass throngh in their development from
the embryo to maturity would suffice s 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 mature
animal cannot be called higher than its larva. Von Bacr's standard
scems the most widely applicable and the best, namely, the amount
of differentiation of the parts of the same organic being, in the
adult state as I should be inclined to add, and their specialisa.
tion for ifferent functions; or, as Milne Edwards would express
the completeness of the division of physiological labour. But we
shall see how obscure this subject is if we ook, for instance, to fishes,
amongst which some naturalists rank those as highest which, like
the sharks, approach nearest to amphibians ; whilst other naturalists
sank the common bony or teleostean fishes 4s the highest, inasmuch

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

vertebrate classes. We seo still more plainly the obscurity of the

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

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

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

and pistils, fully developed in cach flower; whereas other botanists,
u
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probably with mors truth, look at the plants which have their
soveral organs much modified and reduced in number as the
highost.

It wo take as the standard of high organisation, the amount of
differentiation and specialisation of the soveral organs in each being
when adult (and this will include the advancement of the brain for
intallectual purposes), natural selection clearly leads towards this
standard : for all physiologists admit that the specialisation of
inasmuch as in this state they perform their functions better, is an
advantage to each being; and hence the accumulation of variations
tonding towards specialisation is within the scope of natural solco-
tion. On the other hand, we can sec, bearing in mind that all
organi beings are striving to incrense at a high ratio and to seize on
every unoccupied or less well occupied place in tho economy of
nature, that it is quite possible for natural seleotion gradually to fit
2 being to a situation in which several organs would be superfiuous
or useless : in such cases there would be retrogression in the scale of
organisation.  Whether organisation on the whole has actually
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 thronghont the world a multitade 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:
not the more highly developed forms everywhere supplanted and
exterminated the lower? Lamarck, who believed in an innate and
inevitable tendency towards perfection in all organio beings, seems-
to have felt this diffculty so strongly, that he was led o suppose
that new and simple forms are continually being produced by spon-

generation. Science has not as 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 advantago of such
variations as arise and are beneficial to each creature under ifs 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 i~
testinal worm—or even 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 preseut state.
Bt to suppose that most of the many now existing low forms have
not in the least advanced since the first dawn of life would be
 extremely rash; for every ataralist who has disseted some of the
beings now rauked as very low in the scale, must bave been struck
with their really wondrous and beautiful organisation.

Nearly the same remarks are applicable if we look to the different
arades of orgunisation within the sume great group; for instance,
1n the vertebrata, to the co-existence of mammals and R ol
mammalia, to the co-existence of man and the onithorhynchus—
amongst. fishes, to the co-cxistence 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 other; 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 be bathed by
warm blood to be highly active, and this requires airial respiration ;
ol R BT B e v gl whoe i

dissdvantage in having to come continually to the sur-
o bl 4 fishes, members of the shark family would
uot tend to_supplant the lancelet; for the lancelet, as 1 hear

three lowest orders of mammals, namely, marsupials, edentata, and
rodents, co-exist in South America. in. the same region with nume-
rous monkeys, and probably interfere little with each other.
Althongh organisation, on. the whole, may have advanced and be
still ldnnclng thmnghwnt 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 mot
at all necessarily lead to the extinction of those groups with which
they do not enter into close competition. In some cases, as we
shall hereafter see, lowly organised forms appear to have been pre-
served to the present day, from inhabiting confined vrpwnlm'
stations, whero they have been subjected to less severe competitio
‘where their scanty numbers have retarded the chance oF fevoue.

variations arising.
Finally, T hum 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 sufficed for the utmost possible amonnt of
x2
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dovelopment, Tn some fow casos there has been what wo must cll
rotogrmion o cxgnimion. But the main cause lies in the facs
that under very simple conditions of life a high organisation would
bo of 1m0 service,—possibly would be of actual disservice as being
of & more delioese natare and more Tisble to bo put.out of endee
and injured.

Looking to the first dawn of life, when all organio beings, as we

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 attached to
any supporting surface, his law “ that homologous units of any
onder become differentiated in proportion as their relations to inci-
dent forces become differont” would eome into action, But as wo
have no facts to guide vs, speculation on the subject s almost useless.
It 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 isolated sLabwn 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 i
rance on the mutual relations of the inhabitants of K.l\e world at. d.\!
Dresent time, and still more so during past ages.

Convergenze. of Claracter.

Mr. H. G, Watson thinks that I have overrated the importance

f 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 distinet though
allied genera, had both produced a largo number of new and diver-
gent forms, it s conceivable that these might approach each other
0 closcly hat they wold havo al to bo classed under the same
genus; and thus the descendants of two distinet genera would con-
s SR R extremely rash toattri-
bute to convergence a closo and general smilarity of structure in the
modified descendants of widely distinct forms. The shape of acrystal
is determined solely by the molecular forces, and it is not surprising
that dissimilar substances should sometimes assume the same form;
bt with organic beings we should bear in mind that the form of
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- on an infinitude of complex relations, namely on the
variations which have arisen, these being due to causes far foo
intricato to be followed out,—on the nature of the variations which
Lave been preserved or sclected, and this depends on the surround--
ing physical conditions, and in a still higber degree on the sur-
rounding organisms with which each being has come into competi-
tion,—and lastly, on inheritance (in tsclf 8 fuctuating

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

Mr. Watson has also objected that the continued action of natural
Selection, together with divergence of character, would tend to make
an indefini of spec As far as mere inorgani
ditions are concerned, it seems probable that a sufficient number of

ies would soon become adapted to all considerable diversities
of heat, moisture, &e. ; but T fully admit that the mutual relations
of organfe beings are more important ; and as the mumber 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 no limit to the amount of profitable diversification of
structure, and therefore no limit to the number of species which
might be produced. We do not know that even the most prolific
area is fully stocked with specific forms : at the Cape of Good Hope
and in Australia, which support such an astonishing number of
species, many European plants have become naturalised. But
geology shows us, that from an early part of the tertiary period the
number of species of shells, and. that, from the middle part of this
same period the number 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
50 largely as it does on physical conditions ; therefore, if an area
inbiabited by very many species, each or nearly each species will bo
represented. by few individuals; and such species will be liable to
extermination from accidental fluctuations in the nature of the
seasons or in the number of their enemics. The process of extermi-
‘mation in such cases would be rapid, whereas the production of new
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s beslow.  Tmagine the extreme case of as many
species as individuals in England, and the first severe winter or
very dry summer would exterminato thousands on. thousands of

few favourable variations ; consequeatly, the process of giving
t0 new specific forms would thus be retarded. When any species
becomes very rare, close interbreeding will help to exterminato it;
authors have thought that this comes into play in accounting for
the deterioration of the Aurochs in Lithuanis, of Red Deer in Scot-
laud, and of Bears in Norway, &c. Lastly, and this I am inclined
to think is the most important element, @ dominant species, which
bas already beaten many competitors in its own home, will tend to
spread and supplant many others. Alph. de Candolle has shown
that those species which spread widely, tend generally to spread
very widely ; consequently, they will tend to supplant and exter-
minate several species in several arcas, and thus check the inordinate
increase of specifio forms throughont the world. Dr. Hooker has
recently shown that in the ., coner of Australia, where, appa-
rently, there are many invaders from different quarters o the globe,
the endemic Australian species have been greatly reduced in number,
How much weight to attribute to these several considerations I
will not pretend to say ; but conjointly they must limit in ewch
country the tendency o an indefinite augmentation of specifio
forms.

will, on the principle often explained, present within  given period
birth

Summary of Chapter.

1f under changing conditions of life organic beings present indivi-
dual differences in almost every part of their structure, and this
caunot be disputed ; if there be, owing to their geometrical rate of
inerease, a severe straggle for life at somo age, season, or year, and.
this certainly cannot bo disputed ; then, considering the infnite
complexity of the relations of all argani beings to each other and to
their conditions of lfe, causing an infinite diversity in structure, con-
stitution, and haliits, to be advantageous to them, it would be a most
extraordinary fact if no variations had ever occurred useful to each
being's own welfare, in the same manner ns so many variations have
cecurred useful to man. But if variations useful to any organio
being ever do ocour, assuredly individuals thus characterised will
have the best chance of being preserved in the struggle for life;
and from the strong principle of inheritance, these will tend to
produce offspring similarly characterised. This principle of pre-
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2 survival of the fittest, 1 have called Natural
P st to the improvement of cach ereaturo in eltion
o ts organio and inorganic couditions of life; and consequently, in
st caces, to what must be regarded as an advazce in organisation.
Revertheless, low and simple forms will long endure if well itted for

ir simple conditious of lfe.

e etection, on the principls of qualities being inberited at
comesponding ages, can modify the egg, seed, or young, as asily
4s tho adult. Amongst wany animals, sexual selection will have
given its aid to ordinary selection, by assuring to the most vigorous
and best adapted males the greatest number of offspring. - Sexual
‘selection wil also give characters useful to the males alone, in their
strugales or rivalry with other males; and these characters will be
transmitted to one sex or to both sexes, according to the form of
inheritance which prevails.

ether natural sclection has really thus acted in adapting the
various forms of life to their several conditions and. stations, must
be judged by the gencral tenor and balance of evidence given in the
following chapters. But we have already seen how it entails
extinction; and how largely extinction has acted in the world's
history, geology plainly declares. Natural selection, also, leads to
divergenco of character; for the more organic beings diverge in
structure, habits, and constitation, by so much the more can a large
umber be supported. on the samo area,—of which we see proof by
Iocking to the inbabitants of any small spot, and to the productions

of all species to increase in numbers, the more iversified the de-
scendants become, the better will be their chanco of success in the
batl for life. Thus the small differences distinguishing varieties
of the same species, steadily tend o increase, till they equal the
ereater differences between. specics of the sume genus, or even of
distinet genera,

We have soen that it is the common, the widely-diffused, and
widely-ranging species, belonging to the largor genera within cach
class, which vary most ; and these tend to transmit to their modified
Tynnz that superiority which now makes them dominant in

i own countrics.  Natural selection, as has just been remarked,

int
zature of the afinities, and. the generall stincti
i X > generally well-defined distinotions
tween the innumerable organic beings in each class throughout
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the world, may be explained. It is a truly wonderful fact—the
wondor of which wo are apt to overlook from familiarity—that all
animals and all plants throughont all time and space should e
related to each other in groups subordinate to groups, in the manner
which w everywhero behold—namely, varicties of the samo species
most, closely related, species of the same genus loss closely and
unequally related, forming scctions and sub-genera, species of

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 scem clustered round points, and these
round other points, aud so on in almost endless cycles. ~If species
hud 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, a5 we bave seen illustrated
in the diagram.

The affinities of all the beings of the sume class have sometimes
been represented by a great tree. 1 believe this similo largely
speaks the truth. The green and budding twigs may represent
existing species; and those produced during former years may
represent 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
samo manner as species and groups of species have at all times
overmastered other species in the great battlo for life. The limbs
divided into great branches, and these into lesser and lesser branches,
were themselves once, when the tree was young, budding twigs;
and this connection of the former and present buds by ramifying
‘Dranches may well represent the classification of all extinct and
living species in groups subordinate to groups. OF the many twigs
which flourished when the tree was a mere bush, only two or three,
now grown into great branches, yet survive and bear tho other
branches; 5o with the species which lived during long-past geolo-
gical periods, very few bave left living and modificd descendants.
From the first growth of the tree, many a limb and brauch has
decayed and dropped off; aud these fallen branches of various sizes
‘may represent those whole orders, families, and genera which have
now 1o living representatives, and which are known to us only in
a fossil state. As we here and thero sco o thin strageling branch
springing from a fork low down in o tree, and which by some
chance has been favoured and is still alive on its summit, so we
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cccasionally soe an ssimal liks the Omithorhynohus or Lepidosirn,
which in some small degree comnects by its afinities two largo
branclies of life, and which has apparently been. saved from fatal
competition by having inhabited a protected station. ~ As buds give
s by growth to fresh buds, and these, if vigorous, branch out and
overtop on all sides many o fecbler branch, 50 by generation 1
elieve it has been with the great Tree of Life, which flls with its
dead and broken branches the crust of the earth, and covers the
surfuce with its ever-branching and beautiful ramifications.
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CHAPTER V.

LAWS OF VARIATION.

Efficts of changed conditions — Use and disuse, combined with natural
seestion; organs of fight and o v vuxun—Acchlislﬂon—cgn‘h

ions
— Multiple, n.mmmn o1 only segasiiol siERit e

Purts developed in an unusual manner are highly iiler S

characters more varisble than generic: secondary serml cha

Seblor Spate of th s g acy T s el et
Reversions to long-lost characters — Summary.

1AV hitherto sometimes spoken as if the variations—so common
and multiform with organic beings under domestication, and in &
esser degree with those under nature—were due to chance. This,
of course, is a whally 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 fict of
variations and manstrosities occurring much more frequently under
than under nature, and the g y of species
having wide ranges than of those with restricted ranges, lead to
the conclusion that variability is gencrally related to the condi-
tions of life to which each species has been exposed during several
successive generations. In the first chlph!( i uuemp'edw show that
changed conditions act in two ways, directly on the whole
tion or on certain parts alone, and mrlmcuy through the reproductive
system. In all cases there are two factors, the nature of the
organism, which is much the mo-t important 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 seems {o becowo plastic, and wo have much fluctuating v-rl—
ability. In the former case the nature of the organism is
that it yields readily, when subjected to certain conditions, .nrl all,
or ncarly all the individuals becomo modified in the samo g
It is very difficult to decide how far changed conditions, such a8
o olimate; fork 0% e et in o dofistes resnoee ! Thcatt
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reason to believe that in the course of time the eflccts have been
creater than can be proved by clear evidence. But we may safely
conclude that the innumerable complex co-adaptations of structure,
which wo seo throughout nature between various organic beings,
cannot be attributed simyly to such action. In the following cases
the conditions seem o have produced some slight definite effcot
Forbes asserts that shells at their southern limit, and when living in.
shallow water, are more Lrightly coloured than those of the same
spicies from further north o from o greater depth; but this
certainly 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 near the coast or on islands; and Wollaston
is convinced that residence near the sea affcts the colours of inscots.
Moquin-Tandon gives a list of plants which, when growing near the
sea-shore, have their leaves in some degreo fleshy, though not else-
where fleshy. Theso slightly varying organisms aro interesting in
s far as they present characters analogous o those possessed by the
species which are confined to similar conditions.

When a variation i of the slightest use to any being, we cannot tell
how much i i ‘natural selecti
and how much to the definite action of the conditions of life. Thus,
it is wall known to furriers that animals of the same species bave
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,
and how much o the action of the severe climate ? for it would
appear that climate has some direct action on the hair of our domes-
tic quadrupeds,

Instances could be given of similar varicties being produced from
the same species under external conditions of life as different as can
el bo canceived ; and, on the other hand, of dissimilar varicties
being produced under apparently the same external conditions.
Again, innumerablo instances are known to every naturalist, of
Specics keeping true, or not varying at all, although living under

1o lay less weight on the direct action of the surrounding con-
ditions, than on a tendency to vary, due to causes of which we are
quite ignorant,
In ane sense the conditions of life may be sai
1 omo sense the oo y be said, not only to canse
;:mbvluy, cither directly or indirectly, but likewise to include
s mm«:nmmm determine whether this or that
survive. But when man is the selecting agent, wo
clearly ses that the two elements of changs aro disinct  variality.
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some manner escited, but it is the will of man which accumu-
Jatos the variations in certain directions; and it is this latter agency
which answers to the survival of the fittest under nature.

Efects of the increased Use and Disuse of Parts, s controlled
by Natural Selection.

From the facts alluded to in the first chapter, I thidk there can
Do no doubt that use in our domestic animals has strengthened
and enlargod cortain parts, and disuse diminished them ; and that
such modifications are inherited. Under froo nature, we have no
standard of comparison, by which to judge of the effects of long-
continued e disuse, for we kuow not the parent-forms ; but

Is possess structures which can be best explained by
the ofots of disuse. As Professor Owen has remarked, thereis no
greater anomaly in nature than a bird that canuot fly; yet there are
several in this state. The logger-headed duck of South America
can only flap along the surface of the water, and has its wings in
neatly the same condition as the domestic Aylesbury duck: it is &
remarkable fact that the young birds, according o Mr. Cunning-
ham, can fly, while the adults have lost this power. As the larger
ground-feeding birds seldom take flight except to escape danger, it
is probable that the nearly wingless condition of several birds, now
inhabiting or which lately inhabited several oceanic islands, tenanted
by no beast of prey, has been caused by disuse. The 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
efficiently as many quadrupeds. We may believe that the proge-
nitor of the 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-feeding beetles are often
broken off; he cxamined seventeen specimens in his own collcction,
and not one had even a relic left. In the Onites apelles the tars
are so habitually lost, that the insect has been described as not
having them. In some other genera they aro present, but in 8
rudimentary condition. In the Ateuchus or sacred beetle of the
Tigyptians, they are totally deficient. The evidenco that accidental
‘mutilations can be inherited is at present not decisive; but the
remarkable cases observed by Brown-Séquard in gmnm—pip, of the
inherited effcts of operations, should make us cantious in denying:
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. co it will perhaps bo sufest to look &t the entiro
priak e o Atsichas, nd their rudimentary
Sondition in some other genera, notas cases of inherited mutilations,
but s due fo the effcts of long-continued disuso ; for as many
dungifeeding beetles o ganerally found with. their tarsi lost, this
‘st happen carly in life; thereforo tho tacsi cannot bo of much
importance or b much used by theso inects. i

T some cascs e might casily put down to disuse modifications
of structurs which aro whlly, or mainly, duo o natural seleotion.
Mr. Wollaston has discovered the remarkable fact that 200 bec

Madeira, are so far deficient in wings that they cannot fly; and
that, of the twenty-nine endemio genera, no less than twenty-three
have all their species in this condition! Several facts,—namely,
that beotles in many parts of the world are frequently blown o sea
and perish; that the beetles in Madcira, as observed by Mr.
Wallaston, lie 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-
ondinary fact, so strongly insisted on by Mr. Wollaston, that certain
large groups of beetles, clsewhere excessively numerous, which
absolutely require the use of their wings, are here almost entirely
absent;—theso several considerations make mo beliove that the
wingless condition of s0 many Madeira beetles is maiuly duo to
the action of natural selection, combined probably with disuse. For
during many successive generations each individual beetle which
flew last,cither from its wings having been ever solittle less perectly
developed or from indolent habit, will have had the best chance of
surviving from not being blown out to sea; and, on the ofher hand,
those beetles which most readily took to fight would oftencst have
been blown to sea, and thus destroyed.

The insects in Madeira which are not ground-feeders, and which,
28 certain flower-leeding coleoptera and lopidoptera, must habitually
s their wings to gain their subsistence, have, as Mr, Wollaston
suspects, their wings not at all reduced, but even enlarged. This is
auite compatiblo with the action of natural selection. For when a
new insect finst arrived on the island, the tendency of natural
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swimmers if they had not been able o swim at all and had stuck
10 the wreck. 4

The eyes of moles and of some burrowing rodents are rudimentary
in size, and in some casos are quite covered by skin and far. This
stato 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, or Ctenomys, is even more subter-
ranean in its habits than the mole; and I was assured by a
Spaniard, who had often caught them, that they were frequently
blind. One which T kept alive was certainly in this condition, the
cause, as appeared on dissection, having been inflammation of the
nictitating membrane. ~ As frequent inflammation of the eyes must

wrious to any animal, and as eyes are certainly not n
to auimals 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 is
there, though the telescope with its glasses has been lost. Asitis -
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-rab
(Neotoma), two of which were captured by Professar Silliman at
above half a mile distance from the mouth of the cave, and there-
fore not in the profoundest depths, the eyes were ustrous and of
largo size; and these animals, as T am informed by Professor Silli-

t,
It is diffioult to imagine conditions of life more similar than
decp limestone caverns under 4 nearly similar climate; so that, in
accordance with the old view of the blind animals having
scparately created for the American and European caverns, very

expected. This is certainly not the case if we look at the two
whole faunas; and with respect to the insects alone, Schiddte bas
remarked, “We are accordingly provented from considering the
entire phenomenon in any other light than something purely local,
and 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

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



.. Effects of Use and Disuse. 1r

s Europe and of North America,
ﬁ‘:ﬁw- we. m:!‘ nﬁ;;: ‘o.hu Al:m-iun animals, having in
‘maost cases ordinary powers of vision, slowly mizmwdml;y ;nmve
gonerations from the outer world into the deaper and deeper ro-
cesses of the Kentucky caves, s did European animals into the
caves of Europe. We have somo evidence of this gradation of
habit ; for, as Schiodte remarks, “We accordingly look upon the
subtorranean faunas as swall ramifications which have penctrated
into the earth from the geographically limited faunas of the adja-
cent tracts, and which, as they extended themselves into darkness,
have been sccommodated 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 Schitdte's, it should
be understood, apply not to the sume, but to distinot species. 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 s eyes, and natural selection will often have
effected other changes, such as an increase in the length of the
antenno or palpi, as & compensation for blindn Notwithstand-
ing such modifications, we might expeot still to see 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 is the caso with some of the American cave-
animals, a3 1 hear from Professor Dana ; and some of the European
cave-insects are very closely allied to those of the surrounding
country. Tt would be diffienlt to give any rational explanation of
the afinities of the blind cave-animals to the other inhabitants
of the two_continents on the ordinary viow of their indepondent
creation. That several of the inhabitants of the caves of the Old
and New Worlds should be closely related, wo might expect from

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



112 Acclimatisation. Cuar, V.,

Tave ranged over both continents, and then have become extinct,
excepting in their present secluded abodes. Far from feeling sur-
prise that some of the cave-animals should be very anomalous, as
Agassiz has remarked in regard to the blind fish, the Amblyopeis,
and as is the case with the blind Proteus with reference to the
ceptiles of Europe, I am only surprised that more wrecks of ancient
lif have not heen presrved, owing to the less severe 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 flowering, in
¢ho time of sleep, in the amount of rain requisite for seeds to germi-
nate, &e., and this leads me*to say a few words on acclimatisation,
As it is extremely common for distinct species belonging to the same
genus to inhabit hot and cold countries, if it be true that all the
specics of the same genus are descended from o single parent-fom,
acclimatisation must be readily effeoted during a long course of
descent. Tt is notorious that each specics is adapted to the climato
of its own home : species from an arotic or even from  temperato
region cannot endure a tropieal 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 fn-
ability to predict whether or not an imported plant will endure our
climate, and from the number of plants and animals brought from
different countries which are here perfeotly healthy. We have
reason to believe that species in a stato of nature are closely limited
in their ranges by the competition of other organio beings quite as
much s, or more than, by adaptation to particular climates. But
whether or not this adaptation is in most cases very close, we have
cvidence with some few plants, of their becoming, to & certain
extent, naturally habituated to different temperatures ; that is, they
‘become acclimatised : thus the pines and rhododendrons, raised from
seed collected by Dr. Hooker from the same species growing ab
different heights on the Himalaya, wero found to possess in this
«country different constitutional - powers of resisting cold.

European species of plants brought from the Azores to England;
and I could give other cases. Tn regard to animals, several authentio
i could be adduced of species having largely extended,
within historical times, their range from warmer to cooler latitudes,

-
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Jy ; but we do not pasitively know that these animals
:ﬁf:::‘,f:.r;l.d,.pm ‘o their native climate, though in all ordinary
cases we assume sach to be 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.
Aswo may infer that our domestic animals were originally chosen
1y uncivilised man because they wero useful and because they brod
readily under confinement, and not because they were subsequently
found_ capable of far-extended transportation, the common and ex-
troordiuary capacity in our domestie animals of not only withstand-
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 easily
e 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 domestic 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 Faroo 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 be looked at as 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 bimself and by his domestic animals, and the fact of tho
extinct elophant and rhinoceros having formerly endured & glacial
climate, whereas tho living species are now all tropical or sub-
tropical in their habits, onght not to be looked at as anomalies, but
s examples of a very common flexibility of constitution, brought,
under el croumitanes oo acton. y:
ow much of the acclimatisation of species to any peculiar
flr“:::f c&:‘;‘: :n :x:lru ::bi:. _tnd'how much to tho matural selection
g different innate constitutions, and how much to
both wesns combined, s an obscnre question. That habi or sactons
some infuence, I must believe, both from analogy and from the
Foent advice given in agricultaral “ifpiond
Eocyoatin oy, 2, 4 works, even. in the ancisnt
= fm"m““mﬂi. Cl very cautious in transporting ani-
should have s e €0 another. And as it is not likely that man

e e succeeded n selecting so br
With constitations sy o8 80 mAny broeds and sub-breéds
s, T think, pergebe LY itted for theie own districts, the rosult
» ¢ due to habit.  On the other hand, natural seleo-
T
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tion would inevitably tend to preserve those individuals which wers
‘orn with constitutions best adapted to any country which they
inbabited, In treatises on many kinds of cultivated plants, certain
varicties are said to withstand certain climates better than others;
this is strikingly shown in works on fruit-trees published in the
United States, in which certain varietics are habitually recom-
‘mended for the northern and others for the southern States; and as
‘most of these varieties are of recent origin, they cannot owe their
constitutional differences to habit. The case of the Jernsalem
artichoke, which is never propagated in England by sced, and of
which consequently new vaieties have not been produced, lias even
Teen advanced, as proving that acclimatisation cannot be effécted,
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 a score of
generations, his kidney-beans so early that a very large proportion
are destroyed by frost, and then collect seed from the few survivors,
with care o prevent accidental crosses, and then again get sced
from these socdlings, with the same precautions, the experiment
cannot be said to have boen 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 hard,

some’ seedlings are than others; aud of this fact I have myself

observed striking instances.

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

Correlated Variation.

I mean by this expression that the whole organisation is so tied.
together during its growth and development, that when slight
variations in any one part occur, and are accumulated throngh-
natural selection, other parts become modified. This is a very
‘portant subject, most imperfectly understood, and no doubt wholly
different classes of facts may be hero easily confounded together.
‘We shall presently see that simple inheritance often gives the false
a of correlation. One of the most obvious real cases i,
that variations of structure arising in the young or larva naturally
tend to affect the structure of the mature animal. The several
Jarts of the body which are homologous, and which, at an early
embryonic period, are identical in structure, and which are neces=

Darwin Online: By pemission of the Trustees of the Natural History Museum. H
e et



Car. V. Corrvelated Variation. 1135
i e e

x 4o similar conditions, seem eminently liable to vary
Er:yu;qumﬁm: e see this in the right and loft sides of the
body varying in the same manner s in the front and hind legs, and
even in the jaws and limbs, varying together, for the lower jaw
s belioved by some anatomists to be homologous with the limbs.
These tendencies, I do not doubt, may be mastered more or less
completely by natural selection: thus a family of stags once existed.
‘vith an antler only on one side; and if this had been of any great
156 o the breed, it might probably have been rendered permanent
by selection.

Hom8logous 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 nion of homologous parts in normal
structures, as in the union of the petals into a tube. Hard parts

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 human mother
influences by pressuro the shape of the head of the child, In
snakes, according to Schlegel, the form of the body and the manner
of swallowing determine the position and form of several of the
‘most important visoera.

Tho nature of the bond is frequently quite obscure. M. Ts.
Geoffroy St. Hilaire has forcibly remarked, that certain malcon-
formations frequantly, and that others rarely, co-exist, without, our
being able to assign any reason.  What can be more singular thon
the relation in cats between completo whiteness and blue cyes 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 betaveen the prosence of more or less down on the young
vigeon when first hatohed, with the future colour of its plumage ;
o again, the relation between the hair and teeth in the naked
Turkish dog, though here no doubt homology comes into play?
With respect to this latter case of correlation, 1 think it can hardly
be accidental, that the two orders of mammals which are most
abnormal in. their dermal covering, viz,, Cetacen (whales) and
Edentata (armadiloes, scaly ant-aaters, &c.), are likewiso on the
‘}h‘;l; tho most abnormal in. their tecth ; but there are so man
it v, this xule, as Mr. Mivart has remarked, that it has
mf,s""o‘;"c';:‘z i bt adapied o show o importanc cf the
therefore of natural sel vatiation, independently of utility and

selection, than that of the difference between
2
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the outer and inner flowers in some Compositous and Umbelliferous:
plants. Every ono is fumiliar with the difference between the ray
and central florets of, for instance, the daisy, and this difference is
often accompanied with the partial o complote abortion of the
roproductive organs. But in somo of these plants, the seeds also
differ in shape and sculpture, Theso differences have sometimes
been attributed to tho pressure of the involucra on the florets, or
to their mutual pressure, and the shape of the sceds in the ray-
forets of some Compositm countenances this idea; but with the
Unbeliferm, it is by no means, s 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 of the ray-petals by drawing nour 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 difforences 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 azis are
‘most subject to peloris, that is to become abnormally symmetrical.
I mayadd, 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 occurs, 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 s much shortened.

With respect to the development of the corolla, Sprengel’s idea
that the ray-florets serve to attract insects, whoso agency is highly
advantageous or necessary for the fertilisation of these plants, is
highly dif ion may i
But with respect o the seeds, it seems impossible that their differ-
ences in shape, which are not always correlated with any difference
in. the corolla, can be in any way beneficial: yet in tho Umbelli-
form theso differences are of such apparent importance—the secds
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
wodifications 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 grovps of species, and which in truth
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aro simply due to inheritance; for an ancient progenitor may have
“cquired through patural selection some one modification in struc-
ture, and, after thousands of generations, some other and inde-
pendent. modification ; and. these two modifications, having ‘been
trmsmitted to 3 whole group of descendants with diverse habits,
would naturally be thought to bo in some necessary manner cor-
related. Some other correlations are apparently due to the manner
in which natural selection can alone act. For instance, Alph. de
Candolle has remarked that winged seeds aro never found in fruits
which do ot open : 1 should explain this rulo by the impossibility
of seeds gradually becoming winged through natural selection, unless
the capsules were open for in this caso alone could the seeds, which
were a little better adapted to bo waited by the wind, gain an
advantage over others less well ftted for wide dispersal.
Compensation and Beonomy of Growth.

The elder Geoffroy and Goethe propounded, at about the same timo
their law of compensation or balancement of growth or, as Goethe
expressed it, “in order to spend on one side, nature is forced to
cconomise on. the other side.” 1 think this holds true to a ceriain
extent with our domestic productions : if nourishment flows to one
Jart or organ in excess,it rarely flows, at least in excess, to another
part; thus it is diffiowlt to get a cow 1o give much milk and to
fatten readily. The samo varieties of the cabbage do not yield
abundant and nutritious foliage and & copious supply of oil-beating
sceds. When the sceds in our fruits become atrophied, the fruit
itself. gai y in size and quality. In our poultry, a large
tuft of feathers on the head is generally accompanicd by a diminished
comb, and a large beard by diminished wattles. With species in
a state of nature it can hardly be maintained that the law is of
universal application; but many good observers, more -especially
bolanists, believe in its trath. I will not, however, here give any
instances, for 1 seo hardly any way of distinguishing between the
ellcts, on the one hand, of a part being largaly developed through
natural seloction and another aud adjoining. part being reduced by
4his samo process ar by disuse, and, on the other hand, the actual
vithdrawal of nutriment from one part owing to the excess of
rowth in another and adjoining part,

suspect, also, that somo of the cases of compensation which
ﬁ:;:’ ":"n advanced, and likewise some other fucts, may be merged
ore le, namely, that natural selection i
it o vl y, that natural selection s
e g o eoonomiz evzy gt of th orguisaton. It
s of lifo & structure, Wfore useful, becomes.
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Joss 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 whick
I was much struck when cxamining cirripedes, and of which many
analogous instances could be given : namely, that when a cirripede is
Jarasitic within another cirripede and is thus proteoted, it loses more
or less complataly its own shell or carajace, This is the case with
the male Tbla, and in a truly extraordinary manner with the Proteo-
lepas: for the carapace in all other cirripedes consists of the threo
highly-important anterior segments of the head enormously deve-
loped, and furnished with great nerves and museles; but in the
parasitic and protected. Proteolepas, the wholo anterior part of
the head is reduced to the merest rudiment attached to the bases
of the prehensile antonne. Now the saving of a large and complex:
structure, when rendered superfiuous, would be a decided advantage

each successive individual of the species ; for in the struggle for
life to which every animal is exposed, each would have 4 better
chance of supporting itself, by less nutriment being wasted.

Thus, as T beliove, natural selection will tend in the long run to
reduce any part of the organisation, as soon as it becomes, through
changed habits, superfluous, without by any means causing sowe
other part to bo largely developed in a corresponding degree. And,
conversely, that natural selection may perfectly well sucoeed in
largely doveloping an organ without requiring as a Hecessary com~
Densation the reduction of some adjoining part.

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

It seems to be a rule, as remarked by Is. Geoffroy St. Hilaire,
both with varieties and_species, that when any part or organ is
y times in the same individual (as the vertebra in

snakes, and the stamens in polyandrous flowers) the number is
variable; whereas the sume part or organ, when it occurs in lesser
numbers, is constant. The same author as well as some botanists
bave further remarked that multiple parts are extremely liable to
vary in structure. ~ As “ vegetative repetition,” to use Prof. Owen's
expression, is a sign of low organisation, the foregoing statements
nd with the common opinion of naturalists, that beings which
stand low in the scale of nature are more variable than those which
ate higher. I presume that lowness here means that the several
‘parts of the organisation have been but little specilised for particular
functions ; and as long as the same part has to perform diversified
work, we can perbaps sec why it should remain variable, that is,
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b seloction should ot have preserved or rejected each
e et form 80 carfully s when. the pat bus to serve
{o: some one special purpose. In the same vay that & knifs which
s to cat all sorts of things may be of almost any shape; Whilst
a tool for some particular purpose must bo of some particular

ape. Notural selection, it should never bo forgotten, can act
solely through and for the advantage of each being.

Rudimentary parts, as it is generally admitted, are apt to be

A Part developed in any Species in an extraordinary degree or
manner, in comparison with the same Part in allicd Specics,
tends to be highly variadle.

Several years ago T 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. It s hopeless to attempt
%0 convince any one of the truth of the above proposition without
giving the long array of facts which T have collected, and which
cannot possibly be here introduced. I can only state my conviction
that it is a rule of high generality. 1 am aware of several causes of
error, but 1 hope that 1 have made due allowance for them, 1t
should be understood that the rule by no means applies to any
past, howover unusually developed, unless it be unusually developed

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
not apply here, because tho whole group of bats possesses wings it
would apply only if some one species had wings developed in a
remarkable manner in comparison with the other species of the
samo genus. The rule applies very strongly in the case of secondary
sexual characters, when displayed in any unusual manner, The term,
tecondary sexual characters, used by Hunter, relates to characters
which are i ith the
<otof reproduction. The rule applies to males and females ; but more
charseters, Tho rule being 0 plaialy appl

rexual charaoters, may be due to the great variability of these charac-
ters, whether ornot displayed in any unusual manner—of which fact T
think there can be little doubt. But that our rule is not confined

to secondary sexual characters is clearly shown in the case of
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hermaphrodite cirripedes 3 I particularly attended to Mr, Water
Touse's remark, whilst investigating this Order, and I am fully con-
vinced that the rule almost always holds zood. I shall, in a fature
work, give a list of all the more remarkable cases 3 1 will hero give
only one, as it illustrates the rule in its largest application. Tho
opercular valves of sessile cirripedes (rock barnacles) are, in every
sonse of the word, very important structures, and they differ
extremely little even in distinct genera ; but in the several species
of one genus, Pyrgoma, these valves present a marvellous amount
of diversification ; the homologous valves in the different species
being sometimes wholly unlike in shape; and the amount of varia~
tion in the individuals of the same species is 5o great, that it is no
exaggeration to state that tho varities of the same species diff
more from each other in the characters derived from these impor-
tant organs, than do the specics belonging to other distinet gener.

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

When we sce any part o organ developed in a remarkable degree
or mauner in a species, the fair presumption is that it is of high
importance to that specics; nevertheless it is in this case eminently
liable to variation. Why should this be s0o? On the view that
cach species hias been independently created, with all its parts as
we now sce 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, I think we can obtain
some light.  First let wue make some preliminary remarks, I, in
our domestic animals, any part or the wholo animal be negleeted,
and no selection be applied, 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. Tn
rudimentary organs, and in those which have been but littlo
specialised for any particular purpose, and perhaps in polymorphic
‘groups, we sce a nearly parallel case; for in such cases natural selec-
tion either has 1ot or cannot have come into full play, and thus the
organisation is left in o fluctuating condition. - But what here more
particularly concerns us is, that those points in our domestic
animals, which at the present time are undergoing rapid change by
vontinued selection, are also eminently liable to variation, Look ab
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B of the pigeon, and see what a
T beaks and wattl of carrers, in the carriago and tail of i,
&, thess being the points now mainly attended to by English
antiers, Even in the same sub-breed, as in that of the short-faced
tumbler, it is notoriously diffcult to breed nearly perfect birds,
many departing widely from the standard. Thero may truly be
<aid 10 be a constant strugle going on between, on tho one hand,
the tendency to reversion o a less perfect state,ns well as an innato
tendency to mew variations, and, on the other hand, the power of
steady selection to keep the breed true. In the long run selcotion
ains the day, and we do not expect to fil so completely as to breed

a8 coarse a3 a common tumbler pigeon from a good short-faced
strain,  But as long as selection israpidly going on, much variability
in the parts undergoing modification may always be ex)

Now let us tumn to nature, When a part has been developed in
an extraordinary manner in any one species, compared with the
other species of the same genus, we may conclude that this part has
undergone an extraordinary amount of modification since the period
when tho several species branched off from the common progenitor
of the genus. This period will seldom be remote in any extreme
degree, aa species Tarely endure for more than one geological period.
An extraordinary 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. But as the vaiability of the extraordinarily developed

constant.  Aud this, I am convinced, is the case, That the struggie
between natural selection on the one hand, and the tendency to
reversion aud variability on the other band, will in the cours of
fime cease; and that the most abnormally developed. organs may be
uade contant,  seo 10 reason to doubt.  Hence, when an organ,

itted in approximately
e L e e il
ceording to our theory,
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in this case the variability will seldom as yet bave been fixed by
the continued selection of the individuals varying in the required
‘manner and dogree, and by the continued rejeotion of those tending
to revert to a formr and less-modified condition.

Specific Characters more Variae than Generic Claracters.
The principle discussed under the last heading may be applied to
our present subjoct. 1t is notorious that specific. charaoters are
le than generic. To explain by a simple example what
is meant: if in & large genus of plants some species had blue
flowers and some had red, the colour would be only a specific
character, and no one would be surprised at ono of the bluo species
varying into red, or conversely; but if all the species had blue
flowers, the colour would become & generic character, and  its varia-
tion would be a more unusual circumstance. I have chosen this
cxample because the explanation which most naturalists would
advance is not here applicable, namely, that specific characters are
moro variable than generic, because they are taken from parts of less
physiological importance than those commonly used for classing
genera, I believe this explanation is partly, yet only indireatly,
true; T shall, however, have to return to this point in the chapter
on Classification. Tt would be almost superfiuous to adduce evidenco
in support of the statement, that ordinary specific characters aro
more variable than generic ; but with respeet to important charac-
ters, I have ropeatedly noticed in works on natural history, that
when an author remarks with surprise that some important orgun
o part, which is generally very constant throughout a large group
ies, differs considerably in closely-allied species, it is often
variable in the individuals of the same species. And this fact shows
that a character, which is generally of generio value, when it i
in value and becomes only of specific value, often becomes variable,
though its physiological importance may remain the sume, Some-
thing of the same kind applies to monstrosities: at least Is. Geoffroy
St. Hilaire apparently entertains no doubt, that the more an oran.
normally differs in the different species of the same group, the more
subject it is to anomalies in the individuals.

On the ordinary view of each species having been independent
created, why should that pat of the structure, which diflos n:
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 not sce that any explanation can bo
ziven. But on the view that species are only strongly marked
fixed varietics, wo might expeot. often to find them still continuing

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



cwnY.  more Variable than Generic 123

1o vary in those parts of their structure which have v i
‘Inoderately recent period, and which have thus come to differ. Or
{0 state the case in anothier manner:—the points in which all the
species of a genus resemble each other, and in which they differ
from allied genera, aro callod generic characters; and these c

‘may be attributed to inheritanee from & common  progenitar, 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 sume manner : and as these so-called generic charac-
ters have been inherited from before the period when the several
peces first branched off from their common progenitor, and subse-
quently have ot varied or come to differ in any degrec, or ouly in a
slight degree, it is not probable that they should vary at the present
day. On the other hand, 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 since the
period when the species branched off from a common. progenitor, it
s probable that they should still often be in some degree variable,—
at least more variable than those parts of the organisation which
Lave for a very long period remained constant,

‘Szcandmysmal Characters Variable.—1 think it will be ad-
mitted by naturalists, without my entering on details, that
secondary sexual aro highly variable, It will also bo
admitted that species of the same group differ from each other more
widely in their sccondary sexual characters, than in other parts of
their organisation : compare, for instance, the amount of difference
betwoen the males of gallinaceous birds, in which secondary sexual
characters are strongly displayed, with the amount of difference
betiween the females. ‘Ihe cause of the original variability of these
S ok masifest; but wo can seo why they shuld. ot
mmulm-;n a8 constant and uniform as others, for they aro

ated by sexual selection, which is less rigid in its action
than ordinary selection, as it does not entail death, but ouly gives
five ofspring o the lss fuvoured males, Whatever the cause ua
m[‘:lt the variailty o secondary sexual characters, a3 they o
o aciable, sexual seletion will have had . wide scope for
o 2y s bao sucoded in givin o th spcisoftho
- amount of difference in theso than in other

differences between
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* tration the two first instances which happen to stand on my list;
and as the differences in these cases are of a very unusual nature, the
selation can hardly be accidental. The same number of joints in
the tarsi is  character common to very largo groups of beetles, but
in the Engidm, as Westwood has remarked, the number varies
greatly; and the number likewise differs in the two sexes of tho
camo species.  Again in the fossorial hymenopters, the neuration of
the wings is a character of the highest importance, because common
to large 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 crusta-
ceans offer excellent illustrations of this law. “In Pontella, for
instance, the sexual characters are afforded mainly by the anterior
antenna and by the fifth pair of legs : the specific differences also
are principally given ly these organs.” This relation has a clear
meaning on my vi look at all the species of the same genus as
having as certainly dcx‘endud from a common progenitar, as have
the two sexes of any one species. Consequently, whatever part of
the structure of the comman progenitor, or of its early descendants,
‘became variable, variations of this part would, it is highly probable,
‘be taken advantage of by natural and sexval selection, in order to it
the several species to their several places in the economy of nature,
and likewise to fit the two sexes of the same species to each other,
ar to fit the males to struggle with other males for the possession of
the females.

Finally, then, T conclude that the greater variability of specific
charactors, or those which distinguish species from L m.n of
‘generic charactars, or those which are possessed.
—that the frequent extreme variability of any part whmh is m

lit)
n & part, however extraonlinarily it may be developed if 16 ke
common to a whole group of specin;-—tha the grat vaibility of
sccondary sexual characters, and their great difference in closely
alled. species s—that. secondary nx\ml and ordinary specific differ-
ences are generally displayed in the same parts of the organisation,
—aro all principles closely connected together. All being mainly
due to the species of the same group being the descendants of
 common progevitor, from whom they have inherited much in
common,—to parts which have recently and Jargely varied being
more hkely still to go on varying than parts whi long been
inkerited and have not varied —to natural selection having more OF
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- -
tely, according to the lapse of time, overmastered tho &
::d‘::yp::: reversion .nf to further variability,—to sexual sclection.
eing less rigid than ordinary selection,—and to variations in the
came parts having been accumulated by natural and sexual selection,
and having been thus adapted for secondary sexual, and for ordinary

pury .
B Ditinct Speci present analogous Variations,so that @ Variety
of one Species often assumes @ Claracter proper to an_ allicd
Species, or reverts {0 soms of the Characters of an carly Progenitor.
—These propositions will be most readily understood by looking to
our domestic aces, 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 foet,—characters not
by the aboriginal rock-pigeon ; these then are analogous variations
in two or more distinet races. The frequent presence of fourteen
or even sixtcen tail-feathers in the pouter may be considered as
variation representing the normal structure of another race, tho
funtail. 1 presume that no ono will doub that all such analogons
variations are due to the several races of the pigeon having inheritec:
from a common parent the same constitution and tendency to
variation, when acted on by similar unknown infivences. In the
voge ingdom we have a case of analogous variation, in the
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 : if this be not so,
the case will then be one of analogous variation in two so-called
distinct species ; and to these a third may be added, namely, the
common turuip. According to the ordinary view of each spocios
having been independently created, we should have to attribute
this similarity in the enlarged stems of theso threo plants, not to
the vera causa of community of descent, and a consequent tendency
0 vary in a like manner, but to three separate yet closcly related.
acts of creation. Many similar cases of analogous variation have
Teen observed by Naudin in the great gourd-family, and by various
authors in our cereals. ~ Similar eases occurring with insects under
esars condiion have ltely boen discused with much sbilty by
r. Walsh, who bas them under his abl
Vet grouped. law of Equable
. With pigeons, however, we havo another case, namely, the occa-
sional appearance in all the breeds, of slaty-biue birds with two
black bars on the wings, whito loins, a bar at the end of the fail,
vith the outer feathers externally edgod near their bases with

white. As all these marks are characteristic of the parent rocke
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% pigeon, I e that no one will doubt that this is a case of
B bnd nf of  new yet anlogous varition appearing i
the several breeds. We may, I think, confidently come to this
conclusion, because, as we have seen, these coloured marks are
eminently liable to appear in the crossed_offspring of two distinet
and differently coloured breeds ; and in. this case there is nothing
in the external conditions of life o cause the Teappearance of the
slaty-blue, with the several marks, beyond the influence of the mere
act of crossing on the laws of inheritance.

No doubt. it is a very surprising fact that characters should ro-
appear after having been lost for many, probably for bundreds of
generations, But when a breed has been crossed only once by somo
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 generations,
the proportion of blood, to use @ common expression, from on
ancestor, is only 1 in 2048; and yet, as we see, it is generally
Telieved that o 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 chardoter 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 see
10 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
is, not that one individual suddenly takes after an ancestor
removed by some hundred generations, but that in each successive
generation the character in question has been lying latent, and at
last, under unknown favourable conditions, is developed.  With the
‘barb-pigeon, for instance, which very rarely produces a blue bird, it

The abstract improbability of such a ten-
nsmitted through a vast number of generations, is
not. greater than that of quite useless or rudimentary organs bein
similarly transmitted. A mere tendency to produce a rudiment s
indeed sometimes thus inherited.

As all the species of the same genus are supposed to be descended
from & common progenitor, it might be expected that
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 resemble in certain characters another and
distinct species,—this other species being, according to our view,
only a well-marked and permanent variety. But characters exclu=
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Coa

jos of the sume genus would ocea-
furthier be expected that the species of oce
onally exhibit reversions to long lost charmcters.  As, however,
‘e do not know the common aucestor of any natural group, wo

10t feather-footed or turn-crowned, we could not have told, whether
such characters in our domestic breeds were reversions or ouly
nalogous variations; but we might have inferred that the blue
‘calour vias a case of reversion from the number of the markings,
hich are correlated with this tint, aud which would zot, probably
have all appeared together from simple variation. More especially
o might have inferred this, from the blue colour and. the several
marks 5o often appearing when differently coloured breeds aro
crossed.  Hence, although under mature it must. generally be left
doubtfil, what cases are reversions to formerly existing characters,
and what are new but analogous variations, et we ought, on our
theory, sometimes to find the varying offspring of a species assuming
characters which are already present in other members of the same
group. And this undoubtedly is the case.

Tho diffculty in distinguishing variable species is largely due to
the varieties mocking, as i were, other species of the same gonus.
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 theso 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
organs which are generally constant in character, but which occa-
sionally vary 5o a5 1o 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,  Ji under the great disadvantage of no
g able to give them. 1 can only repeat, that such cases cor-

11y occur, and seem 0 e very remarkable.

Al Bowever, give one curious and complex case, mot indeod ns
ing any important character, but from occurring in soveral
specics of the sume genus, partly wnder domestioation and partly
L:iii.:f‘:"f Jtisa caso almost certainly of reversion. The ass
ot oot ey dsinet trunsvorse bars o its Togs, ke thoso
5 it has been asserted that these are plainest
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in the foal, and, from inquiries which T have made, I believe this
10 bo true. The stripe on the shoulder is sometimes double, and:
i vory variablo in length and outline. A white ass, but nof an
albino, has been described without either spinal o shoulder stripe:
and these stripes are sometimes very obsoure, or actually quito lost,
in dark-coloured asses. The koulan of Pallas is said to have been
soen with a double shoulder-siripe.  Mr. Blyth has seen a specimen
of tho hemionus with a distinct shoulder-stripe, though it properly
has none; and T have been informed by Colonel Poole that tho
foals of this species are generally striped on. the logs, and faiutly on
the shoulder. The quaggn, though so plainly barred like a zebra
over the body, is without bars on the legs; but Dr. Gray has figured
one specimen with very distinct zebra-like bars on the hooks.

With respect to the horse, I have collected cases in England of
the spinal stripe in horses of the most distinct breeds, and of all
colours : transverso Lars on the legs are not rare in duns, mouse-
duns,and in one instance in & chestnut : a faint shoulder-stripe may
somotimes be seen in duns, and 1 have seen a trace in a bay horse.

made a careful examination and sketch for me of a dun
cart-horse with a double stripo on each shoulder and with
leg-stripes; T have myself scen & dun Devonshire pony, and &
small dun Welsh pony has been carefully described to me, both
with three parallel stripes on each shoulder.

Tn the north-west part of India the Kattywar breed of horses is
50 generally striped, that, as I hear from Colonel Poole, who exa-
mined this breed for the Indian Government, a horse without stripes
is not considered as purely-bred. The spine s always striped ; the
logs aro generally barred ; and the shoulder-stripe, which is some-
times double and sometimes treble, is common; the side of the
face, moreover, is sometimes striped. The stripes are often plainess
in the foal ; and sometimes quite disappear in old horses. Colonel
Poole has seen both gray and bay Kattywar horses striped when
first foaled. I 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 a Turcoman horse and a Flemish mare) by a bay English
race-horse this foal when a week old was marked on its hinder
quarters and on its forehead with numerous, very narrow, dark,
zebra-liko bars, and its legs were fecbly striped : all the stripes soon.
disappeared completely. Without here entering on further details,
Imay state that I have collected cases of leg and shoulder stripes
in horses of very different breeds in various countries from Britain to
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astern China; and from Norway in the north to the Malay Archi-
ﬁw; mC Eﬂi;‘i‘li, Tn all ‘)ar{s of the world theso stripes occur
Zar oftenest in duns and mouse-duns ; by the term dun  large rango
of colour is inelnded, from ono between brown aud black to a close

pproach to eream-calour. !
a‘gr‘;ﬁhn\mre that Colonel Hamilton Smith, who has written on
this subject, believes that the several breeds of the horso aro
descended from several aboriginal specics—ono of which, the dun,
was striped ; and that the above-described appearances are all duo
to ancient crosses with the dun stock. But this view may he safely
rojected ; for it s highly improbable that the heavy Belgian cart-
orse, Welsh ponies, Norwegian cobs, the lanky Kattywar race, &.,
inhiabiting the most distant parts of the world, should all bhave
‘een crossed. with one supposed aboriginal stock.

Now let us turn to_the effects of crossing the several species of
the horse-genus. Rollin asserts, that the common mule from the
ass and horse is particularly apt to have ars on its legs; accord-
ing to M. Gosse, in certain parts of the United States about nino
out of ten mules have striped legs. T once saw a mule with its
Legs so much striped that any one might have thought that it was
a hybrid-zebra; and Mr. W, C. Martin, in his excellent treatise on
the horse, bas 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 more plainly barred than the rest of the body ;
and in one of them there was a double shoulder-stripe. In Lord
Morton’s famous hybrid from a chestnut mare and male quagea,
the hybrid, and even the pure offspring subsequently produced
from the same mare by a black Arabian sire, were much more
plainly arred across tho legs than is even the pure quagga.
Lastly, and this is another most remarkablo case, a hybrid has boen
figured by Dr. Gray (and he informs mo that he knows of a second
case) from the ass and the hemionus ; and. this hybrid, though the
453 ouly occasionally has stripes on s logs and the hemionus has
none and kas not even a shoulder-stripe, nevertheless had all four
:ﬁ: lﬁ‘mm;i, i l\:u; three short shoulder-stripes, like those on the
e pomalire nd Welsh onies and. even had somo zebra-like

'Des on the sides of its face. With respect to this last fact, T was

Colonel Poole whether : 9 5
oty s pther such face-sieipes over occurred. in tho emi-

ey war breed of Horss, and was, s wo havo seen,
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What now are we to say to these soveral facts? We seo several
distinct specics of the horse-genus becoming, by simple variation,
striped on the legs like & zebra, or striped on the shoulders like an
uss. Tn the horse wo sce this tendency strong whenover a dun ting
appears—a tint which approaches to that of the general colouring:
of th ies of the genus. 1 i

accompanied by any change of form or by any other new character.
We seo this tendency to become striped most strongly displayed in
Tybrids from between several of the most distinet spocies.  Now
observe the case of the several breeds of pigeons : they aro descended:
from & pigeon (including two o threo sub-species or geographical
races) of a bluish colour, with certain bars and other marks; and when
any breed assumes by simple variation & bluish tint, these bars and
other marks invariably reappear; but without any other change of
form or character, When the oldest and truest brecds of various
colours are crossed, we sec a strong tendency for the blue tint and bars
and marks to reappear in the mongrels. 1 have stated that the most
probable bypothesis to account for the reappearance of very ancient
characters, is—that thero is a fendency in. the young of cach succes-
sive generation to produce the long-lost character, and. that this
tendency, from unknown causes, sometimes prevails. And we have
just seen that in several species of the horse-genus the stripes are
Gither plainer or appear more commonly in the young than in the
old.Call the breeds of pigeons, some of which have bred trus for
canturies, species ; and how exactly parallel is the case with that of
tho specics of the horsc-gemus ! For myself, I venture confidently
10 Took back thousands on thousands of generations, and 1 see an
animal striped. like a zebra, but perhaps otherwise very differently
constructed, the common parent of our domestic horse (whether or
not it be descended from one or more wild stocks) of the ass, the
hemionus, quagga, and zebra,

who believes that each equine species was independently
created, will, T prosume, assert, that cach species has been created
with a tendency to vary, both under nature and under domestication,
in_this partioular manner, 50 as often to become striped like the
other species of the genus; and that each has been created with
4 strong tendency, when crossed with species inhabiting distant
quarters of the world, to produce hybrids resembling in their
stripes, not their own parents, but other species of the genus. 1o
admit this view is, as it seems to me, to reject a real for an unreal,
o at least for an unknown, cause. Tt makes the works of God &
‘mere mockery and deception ; T would almost as soon believe with
the old and ignorant cosmogonists, that fossil shells had never lived,
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ot L been created i stone 80.8s 0 mock the shells living on the
e ryoOut iguorance of tho Jaws of variation is profound.
Not in ono case out of a hundred can we pretend to assign any
reason why this o that part bas varied. But whenever wo have
tho means of instituting & comparision, the samo laws appear to
Javo acted in producing the lesser differences betwween. varicties of
tho same species, and the greater differences between specics of the
same genus. _ Changed conditions generally induco mere fluctuating
variability, but. sometimes they causo direct and definite effects ;
and these ‘may become strongly marked in the course of time,
though wo have not suflicient, evidenco on this head. Habit in
producing constitutional peculiarities and use in strengthening and
disuse in weakening and diminishing organs, appeat in many cases
0 have been potent in their efeots. Homologons parts tend to vary
i the same manner, and homologous parts tend to cobere. Moifi-
cations in hard parts and in external parts sometimes affect softer
and iaternal parts, When ono part is largely developed, perhaps it
tends to draw nourishment, from the adjoining parts; and every
part of the structuro which can bo saved without detriment, will bo
saved. Changes of structure at an early age may affect parts sub-

arsing from such parts not having heen closely specialised for any
particular function, so that their modifications have not been closely
checked by natural seleotion. Tt follows probably from this samo
causo, that orgunio beings low in the scalo are more variable than
thoso standing higher in the scale, and which have their whole
organlsation. more specialised.  Rudimentary organs, from being

by natural selection, and hence are

Off from & common parent—are more variablo than generi
) generic dha-
e o those which havo long boan inlerited, avd havo not
ithin this same period.  Tn theso remarks wo have re-

i, w

differentiation, o whero the

Siflceti the manufactory of new specific forms hi

bt ctively at work—in that distict and amongat theso specie,
K2
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we now find, on an average, most varietics. Secondary sexual
charucters are highly variable, and such characters differ much in
tho species of the sume group. Variability in the sume parts of the
organisation has generally been taken advantago of in giving secon-
dary sexual difforences fo the two sexes of the same species, and
specific differences to the several species of the same genus, ~ Any
part or organ developed to an extraordinary sizo of in an extm~
ondinary manner, in comparison with the same part or organ in tho
allicd specics, must have gono through an extraordinary amount of
modification since the genus arose; and thus we can understand
why it should often still be variable in a wuch higher degreo than
other parts ; for variation is & long-continued and slow process, and
natural selection will in such cases 1ot a8 yet bavo bad timo to
overcome the tendency to further variability and to reversion t0a.
less modified state. But when a species with any extraordinarily-
developed organ Las become the parent of many modi

dants—which on our view must be a very slow process, requiring a
long lapse of time—in this case, natural scleotion has succeeded in
giving a fixed character to the organ, in however extraordiary &
mauner it may have been developed. Species inheriting nearly the
same constitution from & common parent, and exposed to similar
influences, naturally tend to presont, analogous variations, or theso
sume species may occasionally revert to some of the characters of
their ancient progenitors.  Although new and important modifica-
tions may not arise from reversion and analogous variation, such
modifications will add to the beautiful and harmonious diversity of

nature,
Whatever the cause may be of each slight difference betiween the
offspring and their parents—and a cause for cach must exist—we
have reason o belicve that it is the steady sccumulation of bene-
ficial differences which has given rise to all the more importaat
‘modifications of structure in relation to the habits of each species.
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CHAPTER VI.

Drrricouries o TaE THEORY.

s of of descent with modification — Absence or rarity
D e oot it of s Dveiied
habits in the same species — Spocios with habits widely different
from thoss of their allies — Organs of extreme perfoction— Modes of
toansition —Cases of dificulty — Natura non fucit saltum — Organs
of small importance —Organs not in all cases absolutely perfect —
“The law 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 I can handly reflect on them without being
in some degree staggered ; but, to the best of my judgment, the
uumber aro only apparent, and those that are real aro greater not,
1 think, futal to the theory.

These diffculties and objections may be classed under the follow-
ing heads :—First, why, if species have descended from other species
Ly fine gradations, do we not everywhere sco innumerable tran-
sitional forms?  Why s not all nature in confusion, instead of the
species being, as we see them, well defined ?

Secondly, s it possible that an animal having, for instance, the
structure and habits of a bat, could have been formed by the modifi-
ation of somo other animal with widely-different habits and
structure? Can we believe that natural selection could produce,
on tho one hand, an organ of trifling importance, such as the tail of
a girafle, which serves as a fiy-flapper, and, on the other hand, an
organ so wonderful as the eye?

Thirdly, can instinets be acquired and modified through natural
:el::kun? What lhA‘L\ we say to the instinct which leads the bee
o'; pm(:nﬁ‘;n‘:‘: umm ‘practically anticipated the discoveries
spurily, bow can we account for species, when crossed, being

. _W\Anm sterile ‘Whereas, when varieties are
crossed, their ferility is unimpairod

“The two frst eads will here be discussed ; some miscellaneons
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objections in the following chapter ; Tnstinct and Hybridism in the
ing chapters.
o el et ottt
seloction acts solely by the prescrvation of profitable modifications,
each now form will tend in o 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 some unknown. form,
both the parent and all the transitional varieties will generally havo
been exterminated by the very process of the formation and per-
feotion of the new form.

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

But it may be urged that when several closely-allied species
iuhabit the same territory, we surely ought to find at the present
time many transitional forms. Let us take a simple case: in
travelling from north to south over a continent, we generally meet
at successive intervale with closely allied or representative species,
cvidently filling nearly the same place in the natural cconomy 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 compare
these species where they intermingle, they aro generally as absolutely
distinct from each other in every detail of structure as aro specimens
taken from the metropolis inhabited by each. By my theory theso
allied species are 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 varigties between its
past and present states. Hence we ought not to expect at the
present time to meet with numerous transitional varieties in each
region, though they must havo 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-
tiuking intermediate varieties? This difficulty for a long time
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quite confounded me.  But T think i can bo. in largo part ex-
e 1d bo extremely eautious in inferring,
e i s
during a long period. Geology would lead us to believe that most
‘continents have been broken up into islands even during the later
fostary periods; and in such islands distinet specics might havo
been separately formed without the possibility of intermediate
varieties existing in the intermediato zenes. 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 perfectly
defined species have been formed on strictly continuous areas;
though I do not doubt that the formerly broken condition of areas.

‘species, more especially with froely-crossing and wandering animals.
In looking at. species as they aro now distributed over a wido
area, we genenally find them tolerably numerous over a largo
territory, then becoming somewhat abruptly rarer and rarer on the
confines, and finally disappearing, Hence the neutral ferritory
between two representative species is generally narrow in comparison
vith the terrtory proper to each. We seo the same fact in
ling mountains, and sometimes it is quite remarkable how
abruptly, as Alph. de Candolle has observed, a common alpino
species disappears. The same fact has been noticed by E. Forbes
in sounding the depths of the sea with the dredge. To those who
look at climate and the physical conditions of life as the all-
important elements of distribution, theso facts ought to cause
surprise, as olimate and height or depth graduate away inscnsibly,
But when we bear in mind that almost every specics, even in ity
metropalis, would increase jmmeusely in numbers, wero it not for
other compoting species ; that nearly all cither prey on or serve as
ey for others ; in ehort, that each organic being s cither dircotly
o indireotly related i the most important manner to other organic
Deings;—wo seo that the range of the inhabitants of any country
L mn:ui:u:“f; depends on insensibly changing physical
ey act on the presenca of other specics, on
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of its range, where it exists in lessoned numbers, will, during fiuctu-
ations in the number of its enemies or of its prey, or in the nature
of the seasons, bo extremly liable to utter extermination 3 and thus
its geographical range will come to be still more sharply defined.

‘As allied or representative species, when inhabiting a.continnous.
area, are generally distributed in such a manner that each has o
wide range, with & comparatively narrow neutral territory between
them, in which they become rather snddenly rarer and rarer; then,
as varieties do not essentially differ from species, the same rule will
probably apply to both ; and if wo take a varying species inhabiting
& very large area, wo shall have to adapt two varietics to two large
areas, and a third varicty to a narrow intermediate zone. The
intermediate variety, consequently, will exist in lesser numbers
from inhabiting a narrow and lesser area ; and practically, as far as
T can make out, this rule holds good with varieties in a tate of
nature. 1 have met with striking instances of the rule in the case
of varieties intermediate between well-marked varieties in the genus.
Balanus, And it wonld appear from information given me by Mr.
Watson, Dr. Asa Gray, and Mr. Wollaston, that’ generally, when
varieties intermediate between two other forms occur, they are much
rarer numerically than the forms which they connect. Now, if we
may trust these facts and inferences, and conclude that varieties
linking two other varieties together generally have existed in lesser
numbers 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 bo exterminated and disappeat,
sooner than the forms which they originally linked together.

For any form existing in lessor numbers would, as already
romarked, run o greater chance of being exterminated. than ono
existing in large numbers ; and in this particular case the inter-
mediate form would be eminently liable {o 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 varieties are supposed to be converted and
perfected into two distinct species, the two which exist in larger
nnmbers, from inhabiting larger areas, will have a great advantage
over the intermediate varicty, which exists in smaller numbers.
in & narrow and intermediate zone. For foms existing in larger
numbers will have a better chance, within any. given period, of
presenting forther favourable variations for natural selection 0
seize on, than will the rarer forms which exist in lesser numbers.
Hence, the more common forms, in the race for life, will tend to-
beat and supplant the less common forms, for these will be moro:
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slowly modified and improved. It is the same principle which, as

T believe, accounts for the common species in each country, as
x

Kept, one adapted fo an extensive mountainous region ; a second
to 0 comparatively narrow, hilly tract; and a third to the wide
plains at the base; and that the ihabitants are all trying with
oqual steadiness and skill to improve their stocks by sclection ; 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 the 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.

"o sum up, 1 believe that species come to e tolerably well-
defined objects,and do not at any one period present, an inexricable
chaos of varying and intermediate links: first, because new varie-
ties are very slowly formed, for variation is a slow process, and
matural. 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

e one or more of its inhabitants. And such new places will
depend on slow changes of climate, or on the occasional immigration
of new inhabitants, and, probably, in a still more important degree,
on some of the old inhabitants becoming slowly modified, with tho
new forms thus produced and the old ones acting and reacting on
each other. S0 that, in any ono region and at any one time, wo
ought to see only a few species presenting slight modifications of
strtcture in some degree permanent ; and this assuredly we do see.

Secondly, areas now continuous must often have existed within
Uhe recent period as isolated portions, in which many forms, moro
especially amongst the classes which unite for each birth and
auder uuch, may have scparately been rendered suffcientl

that they il 2o longer be found in a Tiving st

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



138 Transitions of Organic Beings.  Cuav. VL j
I sk e S

tions of a strictly continuous arca, intermediate varieties will, it
T probable, at st Yave boan formed i the intermediate zones, but
ill generally have had a short duration, For these intar=
mediate varieties will, from reasons already assigned (namely from
what we know of the actual distribution of closely allied or repre-
sentative species, aud likewise 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 bo 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 these from existing in greate il
aggrogate, present more varie
thiough natara selection aod 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 speces of the same group, must assuredly have existed ; but
the very process of natural sclection constantly tends, as has
%0 often remarked, 1o exterminate the parent-forms and the inter-
mediate links. Consequently evidence of their former existenco
could be found only amongst fossil remains, which aro preserved, as
we shall attempt to show in a future chapter, in an extremely im=
perfect and intermittent record.

On the Origin and Transitions of Organic Beings with peculiar
Habits and Structure—1It has been asked by the opponents of such
views a5 I hold, how, for instance, could a land carnivorous animal
have been converted into one with aquatic habits; for how could
the animal in its transitional state have subsisted ? It would be
casy to show that thero now exist carnivorous animals presenting
close intermodiate grades from strictly terrestrial to aquatic habits;
and as each exists by a struggle for lfe, it is clear that each must bo
well adapted to its placo 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 tail. 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. 1f 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
diffioult to avswer. Yot I think such difficulties have little weight.

Here, a3 on other occasions, I lie under o heavy disadvantage, for,
out of tho many striking cascs which I have collected, T can give
only one or two instances of transitional habits and structures in
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alled species; and of diversified habits, cither constant or occa-
Sional, in tho samo species. And it soems fo me that nothing less
Than o long st of such cases s sufficent to lessen the difficulty in
any partioular caso like that of the bat.

Took at the family of squirrels; here we have the finest gra-
dation. from animals with their tails only slightly flattened, and
from others, as Sir J. Richardson has remarked, with the posterior
Dact 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 Timbs and even tho baso of the tail united by n brond
oxpunse of skin, which serves a8 a parachute and allows them to
glide through the air to an astonishing distance from tree to tree.
We cannot doubt. that each struoture is of use to cach kind of
squinel in its own country, by enabling it to escapo binds or beasts
of prey, to collet food more quickly, or, as there is reason to

clieve, to lessen the danger from occasional falls. But it does not
follow from this fact that ho structure of each squirrel is the bost
hat it is possiblo o conceive wnder all possible conditions. Let
the climate and vegetation change, let other competing rodents or
new beasts of prey immigrate, or old ones become modified, and all
analogy would lead us to believe that some at least of the squirrels
youl decrsto i mumbers or besome exterminatel wilss they
also became modified and improved in strocturo in & corresponding
manner. Therefore, I can sce 1o difficulty, more especially under
Btrner e an s 2 pecially under

hanging conditions of life, in the continued preservation of in
viduals with foller and. fuller fank-membranes, cach modification
being wsefl, cach being propagated, unti, by the scoumulated
lfits of this process of natural seleoton, a yerfoct, s0-called fiyi
squirel was produced. R e

Now look at tho Galeopi
formerly was ranked nm&gﬁ;t:,‘bﬁc:lsl ’,‘{,‘d“,-g l:;“ Tt
fo the Insectivors. An extremely . R
o xtremely wide flank-membrane stretches

comers of tho jaw to the tail, and includs i
it theelongated fngors.Thi fnkemarbpane 1 fentonad
i i, it fask i s fmished i
for gliding through the air, now B
s St fenth th o comnect ho Gelithcts with
o i e Y ther i o ity in supposia ot
e s e e, 4 that cach was dovloped in the
of s g e o pe fectly gliding squirrels; each grade
any insupera dionny ok 2 18 posessor. Nor can 1 see
Conneted e Menly i furhor boleving hat tho membrase
ol e a2 of the Gallaithecus might bavo

ural selection and this, s far as tho
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orzans of flight are concerned, would have converted the animal

. In certain bats in which the wing-membruno extends.
from the fop of the shoulder to the tail and includes the hind-legs,
e perhaps sco traces of an apparatus originally fitted for gliding
through the air rather than for flight.

If about a dozen genera of birds were to become extinet, who
would have ventured to surmise that birds might have existed
which used their wings solely as flappers, like the logger-headed:
diuck (Micropterus of Eyton); as fins in the water and as front-legs
an the land, like the penguin as sails, like the ostrich ; and func-
tionally for no purpose, like the Apteryx? Yet the structuro of
cach,of heso bins in goud for ity under the conditions of life to
which it is exposed, for each has to live by a struggle; but it is not
necesarily the best pomlm» under all possible conditions. It must
not be inferred 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
perfect, power of flight; but they serve to show what diversified
kil o oy least possible.

Sceing that a fw members of such yter-breathing classes as
i ok ot Milowe o adapted to live on the land; and
seiug that we have fiying birds and mammals, flying insects of the
most diversified types, and formerly had flying roptiles, it is con=
civable that fiying-fish, which now glide far through the air,
slightly rising and turning by the aid of their fluttering fins, might

ave been modified into_perfectly winged animals, If this had
been effected, who would have ever imagined that in an early
transitional state they had been the inhabitants of the open occan,
and had used their incipient organs of flight exclusively, s far as.
we know, to escapo being devoured by other fish ?

When we seo any structure highly perfected for any particular
Tabit, as the wings of a bird for flight, we should bear in mind that
animals displaying early 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 more
perfect through natural selection. Furthermore, we may concludo
that transitional states between structures fitted for very difforent
habits of life will rarcly have been developed at an early period in
x,rm numbers aud under many subordinate forms. Thus, to return

illustration of the flying-fish, it does not seem.
yml.ml.vlu that ishies capable of true flight would have been doveloped.
under many subordinate forms, for taking prey of many
many ways, on the land and in the water, until their orgaus of fight
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Jad come to a high stage of perfection, 50 as to have given them o
decided advantago over other animals in the battle for life. Henco
tho chance of discovering spacies with transitionai grades of struc-
ture in a fossil condition will always be less, from their having
existed in lesser numbers, than in the case of species with fully
doveloped structures.

T will now give tavo or hreo instances both of diversified and of
changed habits in the individuals of the same specics. In cither
case it would be easy 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, difficult to decide, and immaterial
for us, whether habits generally change first and structure after-
wards ; or whether slizht modifications of structare lead to changed
habits 3 both probably often occurring almost simultaneously. OF
cases of changed hiabits it will suffice merely to allude to that of tho
many British insocts which now feed on exotic plants, or exclu-
sivaly on artificial substances. Of diversified habits innumerable
instances could bo given: I have often watched o tyrant fiyeatober
(Saurophagus 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 o kingfisher at a fish. In our own country the larger
titmouse (Parus major) may be seen climbing branches, almost like
a creoper; it sometimes, like a shrike, kills small birds by blows
on the head ; and I have many times seen and heard it hammering
the seeds of the yew on a branch, and thus breaking them like o
nuthateh. Tn North America the black bear was scen by Hearne
swinming for hours with widely open mouth, thus catching, almost
Tike a whale, insects in

As we sometimes sce individuals following habits different from
thoso proper to their species and to the other species of the same
genus, wo might expect that such individuals would occasionally
give rise to now species, having anomalous babits, and with their
structuro. cither slightly or considerably modificd from that of
their type. And such instances ocour in nature. Can a more
striking instance of adaptation be given than that of a woodpecker
{or climbing trees and seizing insects in the chinks of the bark ? Yet
in North America thero 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 a
woodpecker (Colaptes campestris) which has two toes before and
two behind, a long pointed. tongue, pointed tail-feathers, suficiently
S t0 support tho bird in & vertical positi

position on a post, but not so
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Stiff as in the typical woodpeckers, and a straight strong beak. Tho
Deak, however, is not so straight or so strong as in the typical
woodpeckers, but it is strong enough to bore into wood. Henco
this Colaptes in all the essential parts of its structure is a wood~
pecker, Even in such trifiing characters as the colouring, the
barsh tone of the voice, and undulatory flight, its close blood-
relationship to our common woodpecker is plainly declared ; yer,
as T can assert, not only from my own observations, but from those
of the accurate Azara, in certain large districts it does not climb
frees, and it malkes its nest in holes in banks! Tn certain other
districts, however, this same woodpecker, as Mr. Hudson states,
frequents trees, and bores holes in the trunk for its nest. I may
mention as another illustration of the varied habits of this genus,
that a Mexican Colaptes has been described by De Saussure as
boring holes into hard wood in order to lay up a store of acorns.

Petrels are the most wérial and oceanic of birds, but in the quiet.
sounds of Tierra del Fuego, the Puffinuria berardi, in its general
habits, i its astonishing power of diving, in its manner of swim-
ming and of flying when made to take fight, would be mistaken
Dy 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 o3 whereas the woodpecker of
La Plata has had its stracture only slightly modified. In the case
of the water-ouzel, the acutest observer by examining its dead body
would never have suspected its sub-aquatic habits; yet this bird,
which is allied to the thrush family, subsists by diving—using its
wings under water, and grasping stones with its feet. All the
members of the great order of Hymenopterous insects aro torrestrial,
excepting the genus Proototrupes, 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
a5 long as four hours beneath the surfuce ; yet it exhibits 1o modi
fication in structure in accordance with its abnormal habits.

Ho who believes that each being has been created as we now see
it, must occasionally bave felt surprise when he has met with an
animal having habits and structure not in agreement, What can
be plainer than that the webbed feet of ducks and geese are formed
for swimming? Yot there are upland geese with webbed feet which
rarely go near the water ; and no one except Audubon has seen tho
frigate-bird, which bas all its four toes webbed, alight on the surface
of tho ocean. On tho other hand, grebes and coots are eminently
aquatic, althongh their toes aro only bordered by membrane, What
scems plainer than that tho long toes, 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. aro members of this order,
yet the first is nearly us aquatic as the coot, and the second nearly
2 torrestrial 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 feet of the upland goose may bo
fid to have become almost rudimentary in function, though not
in structure. In the frigate-bird, the decply scooped membrane
etween the toes shows that structure has begun to change.

Ho who believes in separate and innumerable acts of creation
‘may say, that in theso cases it has pleased. the Creator to cause
eing of ‘one type to tako the place of one belonging to another
type; but this seems to me only re-stating the fact in dignified
language. He who belioves in the struggle for existence and in the
principle of natural selection, will acknowledge that every organio
being is constantly endeavouring to increase in numbers; and that
if any ono being varies ever so little, cither in habits or structure,
and thus gains an advantage over some other inhabitant of the
sam country, it will seizo on tho placo of that inhabitant, however
different that, may bo from its own place. Hence it will cause him
10 surpriso that there should bo goose and frigate-birds with webbed.
feet, living on tho dry land and rarely alighting on the water;
that thero should be long-toed cornerakes, living in meadows in-
stead of in swampe ; that there should be woodpeckers where hardly
o tree grows; that thero should be diving thrushes and diving
‘Hymenopters, and petrels with tho habits of auks.

Organs of eatreme Perfection and Complication.

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

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

Tn searching for the gradations through whi w in any
species has been perfected, we ought to look exclusively 0 its lineal
progenitors; but this is scarcely ever possible, and we are forced to
ook t other species and genern of the sume group, that is to the
collateral descendants from the same parent-form, in arder to seo
what gradations are possible, and for the chance of some gradations
having been transmitted in an unaltered or little altered coudition.

But th state of the same organ in distinct classes may incidentally
throw light on the steps by which it has been perfected.

Tho simplest orgun which can be called an eye consists of an
optio 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 sarcodic tissue.
Egyes of the above simple nature are not capable of distinct vision,
and serve only to distinguish light from darkness. In certain 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, like
the corea in the higher animals. He suggests that this serves not
to form an image, but only to concentrate the luminous rays and
render their porception more casy. In this concentration of the
rays we gain tho first and by far the most important step fowarls

. tho formation of a true, picture-forming eye; for we have only to
place the naked extremity of the optic nerve, which in some of the
lower animals lics doeply 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, wo 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
cornea of their great compound. eyes form true lenses, and that
#he cones includo curiously modified nervous flaments.  But these
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organs in e o Articalata lnmmmch diversified that Miller formerly
mado three main clsses with. scven subdivisions, besides a fourth
‘main class of azgregated simpl o

‘When we reficct on theso facts, here given much too briefly, with
respect to the wide, dxvemﬁc(l. and graduated range of structure in
the eyes of the lower animals; and when we bear in mind how
il the mumber of I living forms. must be i comparison with
those which have become extinct, the difficulty ceases o be very
ok o beiving that nataral selection may have couverted the
simple apparatus of an optio merve, costed with pigment and
invested by transparent membrane, into an optical instrument as
‘perfect us is possessed by any member of the Articulate Class.

He who uu go thus m, ought not to hesitate to go one step
further, if he finds on finishing this volume that large bodies
of facts, otherwise inexplicable, can be explained by the theory of
‘modification through natural selection; he ought to admit that o
structure even a3 perfect as an eazle’s ey might thus be formed,
althongh in this case he does not know the transitional states. 1t
s been objested that in order to modify the eye and still preserve
it 08 & perfect instrument, many changes would have to be effectec.
simultancously, which, it is assumed, could not be done througe.
natural selection ; but as I have attempted to show in my work on
the variation of domestic animals, it is not neces
that the modifications were all simultancons, if they were extremely
SRR rainals Diflent Kinds of modietion ol sho,
serve for the same general purpose: as Mr. Wallace has remarked,
“if a lens Bas oo short or too long a focus, it may be amended
cither by an alteration of curvature, or an alteration of density ; if
the curvature be irregular, and. the rays do not convergo to & point,
then any increased of curvature will.be an improvement,
S0 the contraction of the iris and the muscular movements of the
e are neither of them essential to vision, but only improvements
which might have been added and perfected at any stage of the
construction of the instrument” Within the highest division of
the animal kingdom, namely, the Vertebrata, wo can start from an
7o simplythat . consse, u i tho lanceleh, of  ltlo 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 , “the range of gradations of dioptric structures
s very great” 1t is a significant fact that oven in man, acconding
to the igh authority of Virchow, the beautiful crystalline lens s
formed in the embeyo by an accumulation of epidermic cels, lying
in a sack-like fold of the skin; and the vitreous body is formed

-
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from embryonic sub-cutaneous tissue. To arrive, however, at a
just conclusion regarding the formation of tho eye, with all ts mar-
Yellous yet not absolutely perfect charcters, it is indispensablo
that the reason should conquer the imagination; but T have felt
the difficulty far too keenly to be surprised at others hesitating to
extend the princile of natural selection to so startling a length.

Tt is scarcely possible to avoid comparing the eye with a telescope.
We know that this instrament has been perfected by the long-
continued effots of the highest human intelleots; and wo naturally
infer that the cye has been formed by o somewhat analogous
process, Dut may not this inforence be presumptuous? Have we
any right to assume that the Creator works by intellectual powers
like those of man? If we must compare the cye to an optical
instrament, we ought in imagination to take a thick layer of
transparent_ tissue, with spaces filled with fluid, and with o nerve
sensitive to light bencath, and then suppose every part of this layer
1o be continually chauging slowly in desity, 50 as to separate into
Inyers of different densitios 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 seloction or the survival of the fittest,
always intently watching each slight alteration in the transparent
layers; and carefully preserving each which, under varied ciroum=
stances, in any way or in any degree, tends o produce a distinoter
image, We must suppose cach new state of the instrument to bo
multiplied by the million; each to bo preserved until a better ono
s produced, and. then tho old ones to be all destroyed. In living
bodies, variation will cause the slight alterations, generation will
‘multiply them almost infinitely, and natural selection will pick out
with unerring skill each improvement. Let 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 o living optical
instrument might thus be formed as superior to one of glass, as the
works of the Creator are to those of man?

Modes of Transition.

If it could be demonstrated that any complex organ existed,
which could not possibly have been formed by mumerous, suo-
cessive, slight modifications, my theory would absolntely break
down. But I can find out no such case. No doubt many orzans
exist of which we do not know the transitional grades, more espe=
cially if we look to much-isolated species, round which, according to
the theory, there has been much extinction. O again, if wo take

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



Cuar V. Motes of Transition.

‘members of a elass, for
ol oy ariginally formed at a remote period,
sincowhich all the many membersof the class have been developed ;
and in order to discover the early transitional grades through which
‘e ongan has passed, we should have to look {o very ancient ances-
cral forms, long since become extinct, p

We should be extremely cautions in coneluding that an organ
could ot hiave been formed by transitional gradations of scme kind.
Numerous cases could be given smongst the lower animals of the
“ame organ performing at the same time wholly distinct functions;
thus in the larva of the dragon-fly and in tho fish Cobites tho
alimentary canal respires, digests, and excretes. In the Hydr, the
animal may be turned inside out, and the exterior surface will then
digest aud the stomach espire. In such cases natural selection
might specialise, if any advantage were thus gaiued, the whale or
Jart of an organ, which had previously performed. two functions, for
one fauction alone, and thus by insensible steps greatly change its
uature, Many plants are known which regularly produce at the
samo timo difforently constructed flowers; aud if such plants wero
to produce one kind alone, a great change would be effected with
comparative suddenness in the character of the species. It is, how-
ever, probable that tho 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, aud. this is an extremely important means of
transition: to give one instance,—there are fish with gills or
‘Dranchie that breathe the air dissolved in the water, at the sume
time that they breathe free air in their swimbladders, this lntter
organ being divided by highly vascular partitions, and: having o
ductus pnewmaticus for the supply of air. To give another instance
firom the vegetable kingdom climb by three distinct means,
by spirally twining, by clasping o support with their sensitive

and by the emission of aérial rootlots ; these threo means

1 progress of modification by the other organ; and then
this other organ wmight be modified for som other and quite distinct
purpose, or be wholly obliterated.
The illustrution of the swimbladder in fishes is a good anc,
L2
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Docause it shows us clearly the highly important fact that an organ.
originally constructed for one purpose, namely, flotation, may be
converted info one for a widely different purpose, namely, respiration..
ho swimbladder bas, s, been wor:;i in as an
auditos s of certain fishes. All phys
the .&im“u is homologous, or “ideally 3 n and.
structuro with the lungs of the higher vertebrato animals: hence
thero is no reason to doubt that the swimbladder has actually
been converted into lungs, or an organ used exclusively for
n.

"'ﬁ';‘ii&mg to this view it may bo inforred that all vertobrato
animals with true lungs ate descended by ordinary generation from
an ancient and unknown prototype, which was furnished with &
floating apparatus or swimbladder. We can thus, as T infer from
Owen’s interesting description of these parts, understand the strango
fact that every particle of food and drink which we swallow has to
pass over the orifice of the trachea, with some risk of falling inta
the lungs, notwithstanding the beautiful contrivance by which the
glottis is closed. In the higher Vertebrata the branchim have
wholly disappeared—but in the embryo the slits on the sides of tho
neck and the loop-like course of the arteries still mark their former
position. But it is conceivable that the now utterly lost branchim
might have been gradually worked in by natural selection for some
distinet purpose : for instance, Landois has shown that the wings
of insects are doveloped from the trachew; 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 travsitions of organs, it is so important to bear in.
mind the probability of conversion from one function to another,
that I will give another instance, Pedunculated cirripedes have
two minute folds of skin, called by me the ovigerous frens, which
serve, through the means of a sticky secretion, to Tetain the eggs
until they are hatched within the sack. Theso cirripedes have no
branchit, the whole surfuco of the body and of the sack, together
with the small frena, serving for respiration, The Balanid® or
sessile cirripedes, on the other haud, have no ovigerous frena, the
ezgs Iying loose at tho bottom of the sack, within the well-enclosed
shell ; but they have, in the same relative position with the frena,
large, much-folded membranes, which freely communicate with the
circulatory lacunm of the sack and body, aud which have been
considered by all naturalists to act as brauchiz, Now I think 10
one will dispute that the ovigerous frena in the one fumily are
strietly homologous with the branchiz of the other family ; indeed,
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S
they into each other. Therefore it need not be doubted

that wm‘fm littlo folds of skin, which originally scrved as
ovigerous frena, but which, likewise, very slightly aided in the
act of respiration, have been gradmally converted by natural
selection into branchix, simply through an increaso in their sizo
and the obliteration of their adhesive glunds. If all pedunculated
cirripodes had become extinct, and they have suffered far more
extinction than have sessile cirripedes, who would ever have
imagined that the branchire in this latter family had originally
existed as organs for preventing the ova. from being washed out of

the sac
‘There is another possible modo of transition, namely, through
the acceleration o retardation of the period of repreduction. This
has lately been insisted on by Prof. Cope and others in the United
States. 1t is now known that some animals are capablo of repro-
duction at a very carly age, before they have acquired their perfoct
characters ; and if this power became thoroughly well developed in
a specics, it seems probablo that the adult stage of development
would sooner or later be lost ; and in this case, especially if the
larva differed much from the mature form, the character of the
species would. be greatly changed and degraded.  Again, not o few
auimals, after ariving at maturity, go on changing in character
dling by S wile v, With marmale, o ftancs, i
often much altered with age, of which Dr.

they grow older, Prof. Cope states that the teeth of certain lizards
change much in shape with advancing years ; with crustaceans not
anly many trivial, but some important parts aswme a new
character, 18 recorded by Fritz Mille, after maturity. In all such
cases,—and many could bo given,—if the age for reproduction were
aniel,dhe characer o the spacie, 3t est it dult state
would be modified; nor is it improbablo that the woriows and
e e e ol el e

through and fnally lost. Whether species have often or ever becn
amodified through this comparatively sudden mode of transition, I
<an form 1o opinion; but if this has occurred, it is probable that
the differences between the young and the mature, and between
#he mature and the old, were primordially noquired by graduated
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Special Diffculties of the Theory of Natural Selection.
Although we must bo extremely cautions in concluding that any
organ could not have been produced by successive, small, tran-
sitional gradations, yet undoubtedly serious cases of difficulty occur,
Ono of the most serious is that of neuter inscots, which are often
differently constructed from either the males or fertile females ; but
this case will be treated of in the next chapter. The electric
organs of fishes offor another case of special difficulty; for it is
impossible to conceive by what steps these wondrous organs have
been produced. But this is not surprising, for we do not even
know of what use they are. Tn the Gymnotus and Torpedo they
10 doubt serve as powerful means of defence, and perhaps for
securing prey; yet in the Ray, as observed by Matteucel, an
analogous organ in tho tail manifests but little electricity, even
when the animal is greatly irritated; so little, that it can
Tardly bo of any use for the above purposes. Moreover, in the
Tay, besides the organ just referred to, there is, as Dr. R, M‘Donnell
‘’has shown, another organ near the head, not known to be electrical,
but which appears to be the real homologue of the electric battery
in the Torpedo. It is generally admitted that there exists between
these organs and ordinary muscle a close analogy, in intimate
structare, in the distribution of the nerves, and in the manner in
which they are acted on by various reagents. It should, also, be
especially observed that muscular contraction is accompanied by an
electrical discharge ; and, as Dr. Radeliffo insists, * in the elcotrical
apparatus of the torpedo during rest, thero would seem to bo &
charge in every respect like that which s met with in mnscle and
nerve during rest, and the dischargo of the torpedo, instead of being
peculiar, may be only another form of the discharge which attends
upon the action of muscle and motor nerve.” Beyond this wo can-
1ot at present go in the way of explanation; but as we know so
little about the uses of hese organs, and as we know nothing abou
the habits and structure of the progenitors of tho existing electric
fishes, it would be extremely bold to maintain that no serviceablo
transitions are possible by which these organs might have been
gradually developed.

“These organs appear at first to offer another and far more serious
difficulty ; for they occur in about a dozen kinds of fish, of which
several are widely remote in their affinitios. When the same organ
is found in several members of the samo class, especially if in
members having very difforent habits of life, we may generally
attribute its presence o inheritance from a common ancestor; and
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its absence in some of the members to loss through disuso or
matural selection. 8o that, if the dlectrio organs b
inherited from some one ancient progenitor, we might have
expected that all electric fishes would have been specially related.
10 cach other; but this is far from the case. Nor does geology at
all lead fo the belief that most fishes formerly possessed clectric
which their modifid descendants have now lost. But

when we look at the subject more closely, we find in the soveral
fishes provided with clectric organs, that these are situated in dif-
ferent parts of tho body,—that they differ in construction, as in
the arrangement of the plates, and, according to Paciui, 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 fn
the several fishes furished with eleotrio organs, these cannot be
considered as homologous, but only as analogous in function. Con-
sequently thero is no reason to suppose that they have been inherited
from a common progenitor ; for had this been. tho case they would
have closely 1 other in all respeots. Thus the diffiul
of an organ, apparently the same, arising in several remotely allied
specics, disappears, leaving only the lesser yet still great difficulty ;
namely, by what gradusted steps these organs have been developed
in each separate group of fishes.

The luminous orgns which occur in  few insects, belonging

widely different fumilies, and which are situated in different
parts of the body, offer, under our present state of ignorance,
difficulty almost exactly parallel with. that of tho electric organs.

i could be given; for instance in plants, the very

curious contrivance of & mass of pollen-grains, borne on a foot-stalk
with an adhesive gland, is apparently the same in Orchis and
Asclopias,—genera almost as remote as is possible amongst flowering
plants ; but bere again the parts are not homologous. In all cases
of beings, far removed from each other in the seale of organisation,
which are fornished 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 betwween them
cn always be detected. For instance, the eyes of cephalopods
or cuttlg-fish and of vertebrate animals appear wonderfully alike;
and in such widely sundered. groups 1o part of this resemblance can
be due to ineritance from & common progenitor. Mr. Mivart has
advanced this case as one of special diffculty, but T am unable to
seo the force of his argument.  An organ for vision must be formed.
of transparent tissue, and must include fome sort of lens for
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ng an image at the back of a darkened chamber. Beyond
this superficial resemblance, there is hardly any real similarity
betuween the eyes of cuttle-fish and vertebrates, as may be seen by
consulting Hensen's admirable memoir on these orzans in the
Cephalopoda. It is impossible for me here to enter on details, bat
1 may specify a few of the points of difference. The crystalline lens
in the higher cuttlo-fish consists of two parts, placed ono behind the
other like two lenses, both having a very different structure and
disposition to what occurs in the vertebrata. The retina is wholly
different, with an actual inversion of the elemental parts, and-with
a large nervous ganglion included within the membranes of the
ions of the muscles aro as different as it is

d 50 in other points. Hence it is not a littls
difficult to decide how far even the same terms ought to beemployed
in deseribing the eyes of the Cephalopoda and Vertcbrata, 1t is, of
course, apen to any one to deny that the eye in either case could
have been developed through the natural selection of suceessive,
slight variations; but if this be admitted in the one cass, it is
clearly possible in the other; and fundamental differences of strue-
ture in the visual organs of two groups might have been anti-
cipated, in accordance with this view of their manner of formation.
As two men have sometimes independently hit on the sume
inyention, 80 in the several foregoing cases it appears that natural
selection, working for the good of each being, and taking advan-
tage of all favourable variations, has produced similar organs, a8
far as function is concened, in distinct organic beings, which
owe none of their structure in common to inheritance from a
common progenitor,

Fritz Milller, in order to test the conclusions arrived at in this
‘volume, has followed out with much caro  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 mare especially
examined by Miiller, and which are nearly related to each other,
the species agree 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 branchi, even to the
microscopical hooks by which they are cleansed. Hence it might

wve been expected that in the few species belonging to both
families which live on the laud, the equally-important air-breathing
apparatus would bave been the sume; for why should this one
appatatus, given for the same purpose, have been made to differ,
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hilst all the other important organs wer closcly similar or rather
identieal.

Frics Milller argues that this close similatity in so many points
of structure must, in accordance with the views advanced by me,
o accounted for by inheritance from a common progenitor. Jut
as the vast, majority of the species in the above two fumilies, as
well as most other crustaceans, are aquatic in their habits, it is
improbable in tho highest degree, that their common progenitor
should hiave been adapted for breathing air. Miiller was thus led
carefully to examine the apparatus in the air-breathing species;
and b found it to differ in cach 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
aro intelligible, and might even kave been expected, on the suppo-
sition that species belonging to distinct families had slowly become
adapted to live more and moro out of water, and to breathe the
air. For these species, from belonging to distinet families, would
have differed o @ cortain extent, and in accordsnce with the
‘principle that the nature of each variation depends on two factors,

. the nature of tho o and that of the surrounding con-
ions, their variability assuredly would not, have been exactly the
same. Consequently nataral selection would have had different

ials or variations to work on, in order to arrive at the sumo
functional result; and the structures thus acquired would almost
necessarily have differed. On the hypothesis of separate acts of
crcation the whole caso remains unintelligible, This line of
argument seems to have had great weight in leading Fritz Miiller
t0 accept,the views maintained by me in this volume.

Another distinguished zoologist, the late Professor Claparide, has
argued in the same mauner, and has arrived at the same result.
Ho shows that there are parasitic mites (Acarid), belonging to
distint sub-families and.families, which are furnished with ha
claspers. Theso organs must have been independently developed,
a5 they could not have been inherited. from u common progeniior ;
and in the several groups they are formed by the modification of
#ho fore-logs,—of the hind-logs,—of the maxille or lips,—and of
appendages on tho 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 not at all or only remotely allied, by
organs in appearance, thouzh not in_development, closely similar.
Ou the other hand, it is a common rule throughout natare that tho
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 & bird and the membrane-
covered wing of a bat ; and still more so the four wings of a butter-
1ly, the two wings of a fly, and the two wings with the lytra of o
Tectle, Bivalve shells are made to open and shut, but on what a
wmber of patterns is the hinge constructed,—from tho long row of
neatly interlocking toeth in a Nucula to ple ligument of o
Mussel! Seeds are disseminated by their minuteness,—by their
capsule being converted into a light balloon-like envelope,—by
being embedded in pulp or flesh, formed. of the most diverse parts,
and rendered nutritions, as well as conspicuously coloured, 5o as to
attract and be devoured by birds,—by having hooks and grapnels
of many kinds and serrated awns, so as to adhere fo the fur of
quadrupeds,—and by being furnished with wings and plumes, as
different in shape as they are elegant in structure, 50 as o bewafted.
by every breeze. 1 will give one other instance ; for this subject of
the same end being gained by the most diversified means wll
deserves attention. Some authors maintain that organic bei
have been formed in many ways for the sake of mero variety,
almost like toys in a shop, but such  view of nature is incredibie.
With plants having separated sexes, and with those in whiuh,
though the pollen does not
i stiggzn, aoumn 10" ey o e b
soveral kinds this is effected by the pollen-grains, which aro light
and ncohernt,beng blown by the wind. throngh mire ehaneh an
to the stigma; and this is the simplest plan which can well be
conoatvac ‘Ao slmonb xaly szl Giough YT IR A
occurs in many plants in which a symmetrical flower secretes 3 few
drops of ngotar, 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 inexhaustible
number of contrivances, all for the same purpose and effected in
essentially the saume manner, but entailing changes in every part of
the flower. The nectar may be 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
ucatly adapted movements through irritability or elasticity. From
such struotures wo may advance till we come to such @ caso of
extraordinary adaptation as that lately described by Dr. Criiger 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 wo seoreting horns which stand above
it; aud when the bucket is half full, the water overflows by &
spout on one side. The basal part of the labellum stands over the
bucket, and is itself hollowed out into a sort of chamber with two
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Jateral entrances; within this chamber there aro curious fleshy
idges. Tho 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 the ridges within the chamber above the bucket; in
doing this they frequently pushed each other into the bucket, and
their wings being thus wetted they could not fly away, but were
compelled to crawl out through the passage formed by the spout or
overflow. Dr. saw o “continual procession” of bees thus
crawling out of their involuntary bath. The passago is narrow, and
is roofed over by the colum, so that a bee, in forcing its way out,
fist ubs its back against the viscid stigma and then against the
viscid glands of tho pollen-masses. The pollen-masses are thus
glued to the back of the beo which first happens to crawl out
through the possage of a lately expanded flower, and are thus
carried away, - Dr. Crilger sent mo a flower in spirits of wine, with
2 bee which ho had killed before it had quite crawled out with a
pollen-mass still fastened to its back. When the bee, thus provided,
lies to another flower, or to the same flower a second time, and is
pushed by its comrades into the bucket and then erawls out by the
passage, the pollen-mass necessarily comes first into contact with
the viscid. stigma, and adheres to it, and tho 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 viscid stizma.

The construction of the flower in another closely 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 Coryanthes, in order to gnaw the labellum ; in doing this they
inevitably touch a long, tapering, sensitivo projection, or, as T have
called it, the antenna. This antenna, when touched, fransmits a
sensation or vibration {0 a certain membrane which s instantly
Tuptured ; this sets free a spring by which the pollen-mass is shot
forth, liko an arrow, in the right direction, and_adheres by its
viscid extremity to the back of the boe. The pollen-mass of the
male plant,(for the sexes are separato in this orchid) s thus carried
to the flower of the female plant, whero it is brought into contact
with the stigma, which i viscid enough to break certain elastic
threads, and retaining the pollen, fertilisation is effected.

How, it may bs asked, in the foregoing and in innumerable other
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insence, can wo undentand the graduated saleof somplesity wd
the multifarious means for gaining the sume end. The answer no
3.5y Ay Tanssion Toathi i e vary, which
already differ from cach other in some slight degree, the variability
will not be of the same exact nature, and consequently thc Tesults
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 bas passed through many changes; and that
cach modified structure tends to be inherited, s that each modi-
fication will mot readily be quite lost, but may be again and again
further altered. Hence the siructure of each part of each speoies,
for whatever purpose it may serve, is the sum of many inherited
changes, through which the species has passed during its sucoessive
adaptations to changed habits and conditions of life.

Finally then, nlzhuuuh in many cases it is most difficult even to
conjecture by what transitions organs have arrived at their present
state; yet, considering how small tho proportion of living and known
forms is to the extinct and unknown, I have been astonished how
rarcly an organ can be named, towards which no transitional grade
is Jnown to load. Tt certainly is truc, that mew organs appearing
as if created for some special purpose, rarely or never appear in any
being ;—as indeed s shown by that old, but somewhat exaggerated,
canon in natural history of “ Natura non facit saltum.” We meet
with this adission in_the writings of almost every experienced
Bewln e o v
prodigal in variety, but niggard in innovation. Why,
hecy of Ceesi, whoul hisa e o Bt wA A o it
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
graduated steps? Why should not Nature take a sudden leap
from structure to structure? On the theory of natural selection,
we can clearly understand why she should not; for natural
selection acts only by taking advantage of slight successive varia-
tions 5 she can never take @ great and sudden leap, bub must
advance by short and sure, though slow steps.

Organs of little apparent Ioporfe e el B Natural
Select

As nabural selection acts by hfu md death,—by the survival of
the fittest, aud by the destruction of the loss well-fitted indic
viduals,— have sometimes felt great difficulty in understanding

the origin or formation of parts of little importance; almost as.
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great, though of a very different kind, a5 in tho caso of the most
perfect and complex organs. - 5

Tn the first place, we are much too jgnorant in regard to the
swhole economy of any one organic being, to say what slight modifi
cations would be of importance or not. In o former chapter I have
siven 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 o 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
‘porpose by successive slight modifications, each better and bettor
fitted, for o trifiing 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 auimals in South
America absolutely depend on their power of resisting the attacks
of insects : so that individuals which could by any means defend
themselves from these small enemies, would be able to range into.
new pastures and thus gain a great advantage. 1t is not that tho
larger quadrapeds are actually destroyed (except in some rare
cases) by fles, but they are incessantly harassed and their strength
reduced, so that they are more subject to disease, or not so well
euabled in a coming dearth to search for food, or to escape from
‘beasts of prey.

Organs now of trifling importance bave probably in some cases
been of high importance o an early progenitor, and, after having
‘been slowly perfected at a former period, have been transmitted to
oxisting 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 selection.  Secing
low important an organ of locomotion the tail is in most aquatio
animals, its general presence and use for many purposes in so
many land animals, which in their lungs or modified swimbladders
‘betray their aquatic origin, may perhaps be thus accounted for. A
well-doveloped. tail having been formed in an squatic animal, it
might sulsequently come to b 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 latter respect must be
slights for the hare with hardly any tail,can double still moro
quickly.

Tin the second. place, we may easily err in attributing importance
to chiamoters, and in believing that they have been developed
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through natural selection. We must by no means overlook the
effcts of the definite action of changed conditions of life,—of so-
called_ spontaneous 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 one
part on another, &o.,—and finally of sexual selection, by which
characters of use to one sex are often gained and then transmitted
‘more or less perfectly to the other sex, though of 1o use to this
sex. But structures thus indirectly 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 not know
that there were many black and pied kinds, I dare say that wo
should have thought that the green colour was a beautiful adapta-
tion to conceal this troc-froquenting bird from its enemies; and
consequently that it was a character of importance, and had been
acquired through natural selection s it is, the colour is probably
i chef part due to sexual selection. A tmiling palm in tho 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 highmt 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~

ing 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 direct adaptation for
wallowing in putridity ; and so it may be, o it may possibly be
due to the direct action of putrid matter; but we should be very
cautious in drawing any such inference, when we see that the skin
n the head of the clean-feeding male Turkey is likewise naked.
The sutures in the skulls of young mammals have been advanced as
@ beautiful adaptation for aiding parturition, and no doubt they
facilitate, or may be indispensable for this act; but as sutures
‘occur in the skulls of young birds and reptiles, which have on\nn

escapo from a broken egg, wo may infer that this structure has
arisen from the laws of growth, and has been taken advantage of in

the pnmmnon of the higher animals,

are profoundly ignorant of the cause of each slight variation
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\vidual difference ; and we are immediately made conscious
o :;ﬁby reficcting on the differences between the breeds of our
domesticated animals in different countries,—more especially in the
Joas civilised conntries where thero has been but little methodical
solection. Animals kept by savages in different countries ofton
have to struggle for their own subsistence, and are exposed to @
certain extent to natural selection, and individuals with slightly
different constitutions would succeed best under different climates.
With cattle susceptibility to the attacks of flies is correlated with
‘colour, as is the Jiability o be poisoned. by certain plants ; so that
even colour would be thus subjected to the action of natural
selection, Some observers are convinced that a damp climate
affects the growth of the hair, and that with the hair the homs are
correlated. Mountain breods always differ from lowland breeds ;
and & mountainous country would probably affect the hind limbs
from_exercising them more, and possibly even the form of the
pelvis; and then by the law of homologous variation, the front
limbs and the head would probably be affected. The shape, also,
of tho pelvis might affoct 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_beliove, to increaso
the size of the chest; and again correlation would come into play.
Tho effects of lessened exercise together with abundant food on tho
whole organisation s probably still more important ; and this, a5
T, von Nathusius has Iately shown in his excellent Treatise, is
apparently oo chief causo of the great modification which tho
brocds of swine have undergone. But we are far too ignorant to specu-
late on the relative importance of the several known and unknown
canses 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 one or a
few parent-stocks, we onght not to lay too much stress on our
ignorance of the precise cause of the slight analogous differences
bebween true species.

Utilitarian Docirine, how far true : Beauty, how acquired.
The foregoing remarks lead me to say a few words on the protest
Iately made by some naturalists, against the utilitarian doctrine
that every detail of structure has been produced for the good of its
possessor. Thoy believe that many structures have been created
for the sake of beauty, to 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 uu.
many structures are now of o direct uso to their
may never have been of any use to their progenitors; but this dm
not prove that they were formed solely for beauty o varicty. No
doub: the defnte acion of changod.condion, aud dhe vaias
of modifications, lately specified, have all produced an.
et probably s grat eoct, independsatly of any advantago thus
gained. Bt o till moro important consideration is that tho chief
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 close and
diroct rolation to prosent babits of life. Thus, we can hardly
Rllws i o wsbld ot e upland gooso or of he frigate-

‘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 we may
believe that the progenitor of the seal did not possess a fiipper, bub
2 foot with five toes fitted for walking or grasping; and w
further venture to believe that the several bones in the limbs of
the monkey, horse, and bat, were originally developed, on the
principle of utility, probably through the reduction of more
numerous bones in the fin of some ancient fish-lik
the whole class, It s scarcely possible to decide how much

definite action of external conditions, so-called s
tions, and the complex laws of growth; but with these important
exceptions, wo may conclude that the structure of every living
graius citbe now s, o was fommerly, of soms divech o o=
direct use to its posse

With respet to, tho belaf tha organo beings Eave beem cesied
beautiful for the delight of man,—a belief which it has been pro-

‘mind, irrespective of any real qlmhty in the admired object; and
that the idea of what is beautiful, is not innate or unalterable.

We se this, for instance, in the men of different races admiring an
entirely different standard of beauty in their women. If beautiful
objects had been created solely for man's gratification, it ought 0.
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en that before man appeared, thero was less beauty on the
;:c::? ‘the carth than since he came on the stage. Were the beau-
tiful volute and cono shells of tho Eocene epoch, and the gracefully
sculptured. ammonites of the Secondary priod, created that man
might ages afterwards admire them in his cabinet? Few objects
aro. more beautiful than the minute siliccous eases of tho dinto-
macem: wero these created that they might be examined aud
admired uader the higher powers of the microscope? The beauty
$u this latter case, and in many others, is apparently wholly due
lowers rauk amongst the most beautiful
Jroductions of nature; but they have been rendered conspicuous
in contrast with the green leaves, aud in consequence at the same
timo beautiful, so that they may bo easily observed by inscots. I
have come to this conclusion from finding it an invariable rule that
when a flower i fertlised by the wind it never has a gaily-coloured
corolla, Several plants habituslly produce two kinds of flowers;
one kind open aud coloured 50 as o attract insects; the other
closed, not coloured, destitute of ncotar, and never visited by inseots.
Hence we may coneludo that, if insects had not been developed on tho
faco of the earth, our plants would not have been decked with beau-
tiful flawers, but would have produced only such poor flowers as wo
5o on our fir, oak, nut and ash trees, on grasses, spinach, docks, and.
‘nettles, which aro all fertilised through the agency of the wind. A
similar line of argument holds good with fruits; that a ripe straw~
cherry is as pleasing to the eye as to the palate,—that the
gaily-coloured fruit of the spindle-wood. tree and the scarlet erries
of the holly are beautiful objects,—will bo admitted by every one.
But this beauty serves merely as a guide to birds and i
order that the fruit may be devoured and the manured sceds
seminated: Linfer that this is the case from having a8 yet found
1o exception to the rule that seeds aro always thus disseminated
when embedded within a fruit of any kind (that js within a fleshy
or pulpy envelope), if it bo coloured of any brillian tint, or ren-
dered conspicuous by being white or black,

On the other band, 1 willingly admit that o great number of
male animals, as all our most gorgeous birds, some fishes, reptiles,
and mammals, and @ host of magnificently coloured_butterflies,
have been rendered beautiful for beauty's sake; but this has been
effected through sexual selection, that is, by the more beautiful
nales liaving been continually preferred by the females, and not for
:‘w delight of man. So it is with the music of birds, We may

nfer from all this that a nearly similar taste for beautiful colours
s runs through a large part of the animal
x
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Kingdom. When the female is as beautifully coloured as the male,
which i not rarely the case with birds and butterlies, the cause
apparently lies in tho colours acquired through sexual selection
Daving been transmitted to both sexes, instead of to the males
alone. How the sense of beauty in its simplost form—that is, tho
reception of a pecaliar kind of pleasure from certain. colours, forms,
and sounds—was first developed in the mind of man and of the lower
animals, is a very obscure subject. The samo sort of difficulty is
presented, if we enquire how it is that certain flavours and odours
give. pleasure, and others displeasure. Habit in all theso casos
appears to have come to & 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 in
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 see in the fang of the adder, and in the ovipositor
of the ichneumon, by which its eggs are deposited in the living
Todies of other insects. If it could be proved that any part of
the structure of any one species had been formed for the exclusive
good of another species, it would anniilate 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, T 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 proy; but some authors
suppose that at the same timeit is furnished with a rattle for its own
injury, 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 more probable
view that the rattlesnake uses its rattle, the cobra. expands its frill,
and the puff-adder swells whilst hissing so loudly and harshly, i
onder to alarm the many birds and beasts which aro known to
attack even the most venomous species. Snakes act on the same
principle which makes the hen ruffle her feathers and expand ber
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 & being any structuro
more injurious than benoficial to that being, for naturai selection
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scts solely by and for the good of each. No organ will be formed,
a5 Paley has remarked, for the purpose of causing pain or for doiug
an injary to its possessor. 1If a fair balance bo struck between tho
‘ood ‘and vl caused. by each past, each will bo found on tho whole
‘advantageous. After the lapse of time, under changing conditions
of lie, i any part comes to be injurious, it will be modified ; or if it
be not 50, tho being will become extinet as myiads have become

extinet.

Natural selection tends enly to make each organic being as
‘perfect as, or slightly moro perfect than, the other inhabitants of the
same country with which it comes into competition. ~And wo see
that this is the standard of perfection attained under nature. The
ndemicproductions of New Zealaud, 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 1 wo can judge, with this high standard under
mature, The correction for the aberration of light is said by Milller
Dot 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 in the jmage 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 acou-
amulating contradiotions in order to remove all foundation from the

-existing harmony between the external and internal

mitable contrivances in nature, this same reason
tolls us, though we may easily err on both sides, that some other
ontrivances are less perfect. Can we consider the sting of the bee
45 perfect, which, when used against many kinds of enemies,
cannot be withdrawn, owing to the backward serratures, and thus
inevitably causes the death of the inscet by tearing out its viscera ?

11 we look at the sting of the bee, as having existed in @ remote
Trogenitor as o boring and serrated instrument, like that in so many
members of the same great order, and that it has since been modi
fied but not, porfected for s 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 %0 often cause the insect’s own death: for if on
the whole the power of stinging be usaful to the social commaunity,

u2
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it will fulfil all the requirements of natural selection, though it may
couse the death of somo few members. If wo admire the truly
wonderful power of scent by which the males of many insccts find
their females, can we admire the production for this single purpose
of thousands of drones, which are utterly useless to the community
for any other purpose, and which aro ultimately slaughtered by
their industrious and sterilo sisters? It may be difficult, but we
ought to admire the savage instinctive hatred of the queen-bee,
\which urges her to destroy the young queens, her danghters, as soon.
as they are born, or to perish herself in the combat; for undoubtedly
this i for the good of the community; and maternal lgve or ma-
ternal hatred, though tho latter fortunately is most rare, is all tho
same to the inexorable principle of natural selection. ~If we admire
the several ingenious contrivances, by which orchids and many other
plauts are fertilised through insect agency, can we consider as
equally perfect the elaboration of dense clonds of pollen by our
fr-trees, so that a fow granules may bo wafted by chance on to the
ovules?

Summary: the Taw of Unity of Type and of the Conditions of
Existence embraced by the Theory of Natural Selection.

Wo have in this chapter discussed somo of the difficulties and
cbjections which may be urged against the theory. Many of them
are serious; but I think that in the discussion light has been thrown
on several facts, which on the belief of independent acts of creation
are utterly obsoure.  We have seen that species at any one period
are not indefinitely variable, and are not linked together by a
multitude of intermediate gradations, partly because the 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 extinotion of pre-
ceding and intermediate gradations. Closely allied species, now
living on a continuous area, must often have been formed when the

ea. was not continuous, and when the conditions of lifo did nos
insensibly graduate away from one part to another. When two
varicties are formed in two districts of & continuous area, an inter-
mediate variety will often be formed, fitted for an intermediate
zone; but from reasons assigned, the intermediate varioty will
usually exist in lesser numbers than the two forms which it
connects; consequently the two lntter, during the course of further
‘modification, from existing in greater numbers, will have a great
advantago over the loss numerous intermediate variety, and will
thuy generally succeed in. supplanting and exterminating it.
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We have scen in this chapter how cautious we should be in con-
cluding that the most diflrent babits of life could not graduate
fato each other; that a bat, for instance, could not havo been
formed by natural selcction from an animal which st first only
glided through the air. e y

‘Weo have seen that @ species under new conditions of life may
change its babits; or it may have diversified habits, with somo
very unlike those of its nearest congeners. Hence we can under-
stand, bearing in mind that each organic being is trying to live
wherever it can live, how it bas arisen ere are upland geeso
with 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
have been formed by natural selection, is enough to stagger any
one;, yet in the case of any organ, if we know of a long series of
aradations in complexity, cach good for its possessor, then, under
‘changing conditions of life, thero is o logical impossibility in the
acquiremment of any conceivable degree of perfection through natural
jon. In the cases in which we know of no intermediate or
transitional 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,  swimbladder has apparently been converted into an air-
Dreathing lung. The same organ having performed simultaneously
very different functions, and then having been in part or in whole
specialised for one fonction ; and two distinet organs baving per-
formed at the same time the sune function, the one having been
‘perfected whilst aided by the other, must often have largely facili-
tated transitions,

W have secn that in two beings widely remote from each other
in the natural scale, organs serving for the same purpose and in
extornal appearance closely similar may have been separately and
independently formed ; but when such organs aro closely examined,
essential differences in.their structure can almostalways be detected;
aud this naturally follows from the principle of natural selection.
On the other haud, the common Tule throughout nature is infinito
divensity of structure for gaining the same end ; and this again
naturally follows from the same great principle.

In many cases we arc far too ignorant to be enabled to assert that
2 Jart or i o 0 unimportant for the welfae of a specics, that
Em;ﬁ:;m i ts structure could not have been showly accumu-

means of natural selection.  In many other cases, modifi-
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cations are probably the direct result of the luws of variation or of
growth, independently of any good having been thus gained. Dut,
even such structures have often, as we may feel assured, been
subsequently taken advantage of, and still further modified, for the:
good of species under new conditions of life. We may, also, believe
that o 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 prescnt state, have been acquired by means of natural
selection.

Natural selection can produce nothing in one species for the
exclusive good or injury of another; though it may well produce
parts, organs, and excretions highly useful or even indispensable, or
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 asts through the 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 porfection will have been rendered.
higher. Natural selection will not necessarily lead to absolute
perfoction ; nor, as far as we can judge by our limited faculties, can
absolute perfection be everywhero predicated.

On the theary of natural soleotion 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 striotly true.

It is generally acknowledged that all organic beings have been
formed on two great laws—Unity of Type, and the Conditions of
Existence. By unity of type is meant that fandamental agreement
in structure which we seo in organic beings of the samo class, and
which s 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, o often insisted on by the illustrious
Cusier, is fully embraced by the principle of natural selection, For
natural selection acts by cither now adapting the varying parts of
cach being to its organic and inorganic conditions of life; or by
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Baringaiaped thm duin put yerieds o tim: 1o adatstons
being aided in many cases by tho inoreased use or disuso of parts,
g afisctad by dhe vt aion of the sxternal conditons af
life and subjected in all cases to the several laws of growth and
ariation. Hence, in fuct, the law of the Conditions of Existence is
the higher law; as it fncludes, through the inheritance of former
variations and adaptations, that of Unity of Type.
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CHAPTER VIL

MiscerANEOUS OpagcTioNs T0 THE THEORY oF NATURAT
SELECTION.

Langovity — Modifications not necessarily simultaneous — Modifications
‘apparently of no direct service—Progressive development —Characters
of small functional importance, the most constant—Supposed incom-
petence of natural selection to account for the incipieut stages of
useful structures—Canses which interfere with the acquisition through
natural selection of usefl structures—Gradations of structure with
changed functions—Widely different organs in members of
class, developed from one and the same source—Reasons for disbelier-
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,
as 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
by writers who have not taken the trouble o understand the
subject. ‘Thus a distingnished German naturalist has asserted that
the weakest part of my theory is, that I 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 is
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 organio beings, even if they were at any one time perfectly
ndapted to their conditions of life, have remained 5o, when their
conditions changed, unless they themselves likewise changed; aud
10 one will dispute that the physical conditions of each country, as
‘well as the numbers and kinds of its inhabitants, have undergono
‘many mutations.

Aeritic bas lately insisted, with some parade of mathematical
accuracy, that longovity is a wreat advantage to all specics, 5o that
he who believes in natural selection “ must arrange his genealogical
tree” in such a 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 thero every winter; and yet, owing to advantages
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through matural selection, survive from year to year by
m of .m_-u or ova? Mr, E, Ray Lankester has recently
discussed. this subject, and he concludes, as far as its extreme com-
ylesity allows Lim ( form a judgment,that ongevity o gonealy
related to the standard of each species in the scale of organisation,
as well as to the amount of exp.ndlt\lm in reproduction and
general activity. And these conditions have, it is probable, been
largely determined through natural selection.

T s b g, that, as b of ho animals aod. plants of
Egypt, of which we know anything, have changed during the lst
thren o four thousaad years, probably have none in any pare
of the world. But, as Mr. G. H. Lewes lias remarked, this line of
angument proves too much, for the ancient domestic races figured
ou the Egyptian monuments, or embalmed, are closely similar or
even identical with those now living ; yet all naturalists admit that
stch races have been produced through the modification of their
xighal 7o Tiamiay sl which have remained unchanged

e commencement of the glacial period, would have been an
nomspatably Mitcigecoase o thase v b expoued o, grent
changes of elimate and have migrated over great distances; whereas,
in Egyp,durog the as several thousand yeas tho conltions of

as far as we know, have remained absolutely uniform. The
rm o little or no modification having been effected. sinco tho
would have boen of some avail
e L oy necesary. law of dovelopment, but i
powerless against the doetrino of natural selection or the survival

differences of a beneficial nature happen to arise, these will bo
proserved ; lm this will be effected ouly under certain favourable
circumstances

"o cclobratel ‘paleontologist, Bronn, at the close of his German
trauslation of this Work, asks, how, on the principle of natural
selection, can @ variety live side by side with the parent-species?
If both have become fitted for slightly different habits of lifo or
conditions, they wmight live together; and if we lay on one side
polymoryhic species, in which the variability seoms to be of a

the more permanen ro generally found, as
ha er, inkabiting i -n.nm_;.wn. as high
o Jow landy iy ur et st Moreover, in the case of
animals which wander much ot and crns oy, thee varitics
swem to be ganerally confined to distinet regions.

Tronn b nste that Gatest pru-a never differ from each other
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in single characters, but in many parts ; and he asks, how it always
comes that many parts of the organisation should have been modi=
fied ab the same time through variation and natural seleotion
But there is no necessity for supposing that all the parts of any
being have been simultancously 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

multancously developed. The best auswer, hiowever, to tho above
objection is afforded by those domestic races which have been
‘modified, chiefly through man’s power of selection, for some special
purpose.” ook at the ace and dray horse, or a the greyhound
and mastif. Their whole frames and even their mental characteristics
have been modified ; but if we could trace each step in the bistory
of their transformation,—and the latter steps can be fraced,—vo
should not sec great and simultancous changes, but fist 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 wi
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 attribated
partly to the principle of correlated growth, and partly to so-called
spontaneous variation.

A much more scrious objection has been urged by Bronn, and
recently by Broca, namely, that many characters appear to bo of 1o
service whatever {0 their possessors, and therefore cannot have been
infiuenced through natural selection. Bronn adduces the length of
the cars and.tails in the different species of hares and mice,—tho
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 Nigeli in an admirable essay. Ho 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 o bo quite unimportant,for the welfare of the species.
He consequently believes in an innate tendency towards progressive
and more perfeot development. He specifies the arrangement of tho
cdls 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 the flower, the position
of the ovules, the shape of the sced, when not of any use for dis=
semination, &c.
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“Thero is much force in the above objection. Nevertheless, we
onght, in the first place, to bo extremely cautious in pretending
1o decide what structures now are, or havo formerly been, of use to
cach species. Tn the second. place, it should always bo borne 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 subsoquently developed, and 0 forth,—as well as.
through other causes which lead to the many mysterions cases
of correlation, which we do not in the least undorstand. Theso
‘agencies may be all groupod together, for tho sake of bravity, under
tho expression of the laws of growth. In the third place, we have
1o allow for the dircct and definite action of changed conditions of
Jife, and for so-called spontaneous variations, in which the nature
of tho conditions appareutlg plays a quite subordinate part. Bud-
variations, such as the appearance of & TMOSS-TOSe ON & COMMOL
sose, or of & nectarine on a peach-tree, offer good instances of spon-
tancous variations ; but even in theso cases, if we bear in mind tho
power of & minute drop of poison in producing complex galls, we-
ought not to feel oo sure that the above variations are not the
effcct of some local change in the mature of the sap, due to some
change in the conditions. There must be some efliient causo for
each slight individual difference, as well as for moro strongly
marked variations which occasionally arise;; and. if the unknown
causo wero to act persistently, it is almost certain that all the
individuals of the would be similarly modified.

n the earlir editions of this work I under-rated, as it now seems

hatits of lfe of each species. I ean no mor believe in this, thac
that the well-adapted form of a race-horse or greyhound, which
beforo the principle of sclection by man was well understood, excited
4 much surgi i tho miods of the older naturmlints, can thus b
- -
It may beworth while to fllustrate some of the foregoing remarks.
With respect to the assumed. inutility of various parts and orgavs,
it is hardly necessary to observe that even in the higher and best-
known auimals many structures exist, which are so highly developed
that 0 one doubts that they are of importance, yet their use has
ot been, or has only recently been, ascertained. ~ As Bronn gives
the length of tho ears and tail in the soveral specics of mice 08
instances, though trifling ones, of differences in structure which can

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



172 Miscellaneous Objections to the — Cuav. VIL

o of no special use, T may mention that, according to Dr. Schibl,
the external ears of the common mouse are supplied in an extra:
ordinary masmer with nerves, so that they no doubt serve as tactle
organs; hence the length of the ears can hardly be quite unime
Jortant, Wo shall, also, prescntly sco that the tail is a highly
useful prebensile organ to some of the species ; and its use would
e much influenced by its length. as

With respect to plants, to which on account of Niizel's essay
1 shall confine myself in the following remarks, it will be admitted
that the flowers of orchids present a multitude of curious structures,
which a fow years azo would bave becn considered as mere morpho-
Jogical differences without any special function; but they are now
Known to be of the highest importance for the fertilisation of the
species through the aid of insects, and have probably been gained
through natural selection. 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 wo know this o be the case

In certain whole groups of plants the ovules stand ereot, and in
others they are suspended ; and within the same ovarium of some
fow plants, one ovule holds the former and a second ovulo the latter
position. These positions seem at first purely morphological, or
of no physiological signification ; but Dr. Hooker informs me that

suggests that this probably depends on the direction in which the
pollen-tubes enter the ovarium, If so, the pasition of the ovilles,

en when one is ercct and the other suspended within the samo
‘ovarium, would follow from the sclection of any slight deviations in.
‘position which favoured their fertilisation, and the production of seed.

Several plants belonging to distinet orders habitually produce
flowers of two kinds,—the one open of the ordinary structure, the
other closed and imperfect. These two kinds of flowers sometimes
differ wonderfully in structure, yet may be scen to graduate into
cach other on the sume plant. The ordinary and open flowers can
be intercrossed; and the benefits which certainly are derived from
this process are thus secured. The closed and imperfect flowers are,
however, manifestly of high importance, as they yield with the
utmost safety a large stock of sced, with the expenditure of wonder-
fully little pollen, The two kinds of flowers often differ much, 88
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 columne five of the alternate stamens are.
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rudimentary ; and in somo species of Viola threo stamens are in
this state, two retaining their proper fanction, but being of very
small size. In six out of thirty of the closed flowers in an Indian
violet (nsme unknown, for tho plants have never produced with me
perfect. flowers), tho sapals aro reduced from the normal number
of five to three. In ono section of the Malpighiaces the 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 o a petal being alone developed ;
aud this stamen is not present in the ordinary flowers of theso
species; the stylo s aborted ; and the ovaria are reduced from threo
Now although natural selection may well have had_the
power 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 handly any of the above special modifications can
have been thus determined, but must from the laws of
‘growth, including the functional inactivity of parts, during the pro-
gress of the reduction of the pollen and tho closuro of tho flowers.

It is 50 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 divergence of the leaves differ,
according to Schacht, in the nearly horizontal and in the upright
branches. Tu the common rue and some other plants, one flowor,
usually the central or terminal one, opens first, and has five sepals
and petals, aud five divisions to the ovarium ; whilst all the other
flowers on the plant are tetramerous, In the British Adoxa tho
uppermost flower generally has two calyx-lobes with the other
organs totramerous, whilst the surrounding flowers generally havo
threo calyx-lobes with the other organs pentamerous. In many
Compositae and Umbellifers (and in some other plants) the circum-
fezential flowers have their corollas much more developed than thoso
of the cantre ; and this seems often connected with the abortion of tho
reproductive organs. 1t is a more curious fact, previously referred
to, that the achenes or seeds of the circumference and centro
sometimes differ greatly in form, colour, and other characters. In
Carthamus and some other Compositw the central achenes alone
aro furnished with o pappus; and in Hyoserls the same head yields

terior Ted-. accarding to Tausch, are orthospermous, and the central
oo selspersions, and his is a character which was oonsidered by
Candolle to be in other species of the highest systematic ime
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ortance. Prof. Braun mentions a Fumariacoous genud, in which.
:Im flowers in the lower part of the spike bear oval, ribbed, ne-
sceded nutlots ; and in the upper part of the spike, lanceolate, two-
Jalved, and two-seeded. siliques. In these several cases, with tho
exception of that of the well developed ray-florets, which are of service
i 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. Al these modifications follow from the relative
position and inter-action of the parts; and it can bardly b doubted
that if all the flowers and leaves on the same plant had been sub-
jected to the same external and internal condition, s aro the flowers
‘and lcaves in certain positions, all would have been modified in the
same manner.

In numerous other cases we find modifications of structure, which
are considered by botanists to be generally of a highly import-
ant natare, affecting only some of the flowers on the sume plant,
ot occurring on distinet. plants, which grow elose togother under tho
same conditions, As these variations seem of no special use to
the plants, 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. 1 will give only a few instances. It is s
common to observe on the same plant, flowers indifferently tetra-
‘merous, pentamerous, t T need not give examples; but as
numerical variations are comparatively rare when the parts aro
few, I may mention that, according to De Candolle, the flowers of
Papaver bracteatum offer either 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. morphalogical character ; but Professor As
Gray states that with some species of Mimulus, the mstivation is
almost as frequently that of the Rhinanthidem as of the Antirrhi-
nidew, to which latter tribe the genus belongs. Aug, St Hilaire
gives the following cases: the genus Zanthoxylon belongs 0 8
division of the Rutace with a single ovary, but in somo species

capsule has been described as unilocular or 3-locular; and in
H. mutabile, “Une lawe, plus ou moins large, sétend entre lo
pericarpe et le placenta.” Tn the flowers of Saponaria officinalis,
Dr. Masters has observed instances of both marginal and free central
placentation. Lastly, St. Hilairo found towards the southern ex=
treme of the range of Gomphia oleaformis two forms which he did
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(bt were distinet species, but be subsequently saw
{':;:‘::;5? on the same hn.h?::d ho then adds, * Voilk donc
dans un méme individu des loges et un stylo qui se rattachent
tantdt & un axe verticale et tantdt & un gynobase. =

Wo thus soe that with plants many morphological changes may
o attributed to the laws of growth and the inter-action of parts,
indepandently of natural selection. But with respect to Nigeli'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 havo been. caught in the act of
progressing towards a higher state of development? On the con-
trary, 1 should infer from the mere fact of the parts in question
differing or varying greatly on the sune plant, that such modi-

ions were of extremely small importanco o the plants them-
selves, of whatever importance they may generally be to us for
our classifications. The acquisition of a useless part can hardly
b said to raise an organism in the natural scale; and in the case
of the imperfict, closed flowers above described, if any new prin-
ciple has o be invoked, it must be ono 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 were to act
almost uniformly for a length of time, we may infer that the result
‘would be almost uniforsa ; and in this case all the individuals of the
‘species would be modificd in the same manner.

From the fact of the above characters being unimportant for the
‘welfare of the specics, any slight variations which ocourred 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 bo of service to a species,
generally becomes variable, as we seo with rudimentary organs ; for
it will 1o longer be regulated by this sume power of selection.
But when, from the nature of the organism and of the conditions,
modifications have been induced which are unimportant for the
welfare of the specics, they may be, and apparently often bave
been, transmitted in nearly the same state to numerous, otherwise
modified, descendants. 1t cannot have been of much importance
to the greater number of mammals, birds, or Teptiles, whether they
vero clothed with hair, feathers, or scales ; yet hair has been trans-
- most all mammals, feathers to all birds, and scales to
all true reptiles. A structure, whatever it may be, which is com-
n runked by us as of high systematio
importance, and consequently s often assumed. to Egof'l{igh vital
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importance to the species. Thus, as I am inclined to elieve,
:ﬁ:::logicll iflremcas, which wo consider as important—such as
the arrangement of the leaves, tho divisions of the flower or of the
ovarium, the position of the ovules, &.—first appeared in many
casos s finctuating variations, which sooner o later became con-
stant through the nature of the organism and of the surrounds
conditions, as well as through the intercrossing of distinot indivi-
duals, but not through natural selection ; for as these morphological
characters do not affect the welfare of the species, any slight devia-
tions in them could not have been governed or accnmulated through
this latter agency. Tt is a strange result which we thus arive af,
namely that characters of slight vital importance to the species,
are the most important. to the systematist; but, as wo shall here-
after see when we treat of the genetic 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 I have attempted to show in the fourtl
chapter, through the continued action of natural selection, For the
hest. definition which has ever been given of a high standard of
organisation, s the dogre to which tho parts have been specialised
or differentiated ; and natural selection tends towards this end, inas-
‘much as the parts are thus enabled to perform their functions more
efficiently.

A distinguished zoologist, M. St. George Mivart, has recently
collected all the objections which have ever been advanced by
‘myself and others against the theory of matural selection, s pro-

r. 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 the various facts aud considerations opposed to his conclusions,
10 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 uso 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 seloction, whereas in the work just referred to I have
collected a greater number of well-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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with what I have said on the same head,
trongly convinced of the general truth of the
arived at, subject, of course, in so intricata o
subject, to much partial error. -

Al lih. Mi\'lnl':'ohjmionl will be, or have been, considered in
the present volume. The ane new point which appears to have
struck many readers is, * that natural sclection is incompetent to
account for the incipient stages of useful structures.” This subject
s intimately conncted with that of the gradation of characters,
often accompanied by o clhange of function,—for instance, tho con-
Yersion of a swim-bladder into Jungs,—points which wero discussed
in the last chapter under two headings. Nevertheless, T 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
prevents me from considering all.

The girafe, by its lofty stature, much elongated neck, fore-legs,
head and tongue, has its whole frame beautifully adapted for
Urowsing on the higher branches of trees. 1t 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, ta cattlo in 8. America show us how small a
difference in structure may make, during such periods, s great differ-
ence in preserving an animal’s life. These cattle can browss as well
as others on grass, but from the projection of the lower jaw they
cannot, during the often recurrent droughts, browse on the twigs
of trees, Teeds, &., o which food the common cattle and horses
are then driven ; 50 that at these times the Niatas perish, if not fed ¢
by their owners. Beforo coming to Mr, Mivart's objections, it may
be well to explain once again how natural selection will act in all
ordinary cases. Man has modified some of his animals, without
necessarily having attended to special points of struture, by simply
yreserving and breeding from the fieetest. individuals, as with the
race-horse and greyhound, or as with tho game-cock, by breeding
from the victorious birds. 80 under nature with the naseent girafle,
the individuals which wero the bighest browsers and were able
during dearths to reach even an inch or two above the others, will
often have been preserved; for they will have roamed over the
whale coutry in search of food. That the individuals of the same
species citen diffr slightly in the relative lengths of all their parts
may b seen in many works of natural history, in which careful
casurements are given, These slight proportional differences, due
o the Taws of growth and variation, are not o the slghtest uso or
Fmportance to most species.  But it will have been otherwiso with

x
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tho nascent giraffe, considering its probable habits of life; for those-
individuals which had some one part or several parts of their bodies
rather more elongated than usual, would generally have survived..
Theso will have intercrossed and left offspring, either inheriting the,
samo bodily peculiarities, or with o tendency to vary again in the
same manner; whilst the individuals, less favoured in the same
respects, 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
prescrvo and thus separate all the superior individuals, allow
them frecly to intercross, and will destroy all the inferior indivi-
duals, By this process long-continued, which exactly corresponds.
with what T have called unconscious selection by man, combined no-
doubt in a most important manner with the inherited effccts of tho
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 objections.
One is that the increased size of the body would obviously require:
an increased supply of food, and he considers it as*very problemati-
cal whether the disadvantages thence arising would not, in times of
scarcity, more than counterbalance the advantages” But as the:
giraffe does actually exist in large numbers in S Africa, and as-
somo of the largest antelopes in the world, taller than an o, abound
there, why should we doubt that, as far as size is concerned, inter~
mediate gradations could formerly havo existed there, subjected as.
30w to severe dearths.  Assuredly tho being able to reach, at each
stago of increased size, to a supply of food, loft 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

ts of prey excepting the lion ; and against this animal, its tall
neck,—and he taller tho better,—would, as Mr. Chauncey Wright
has remarked, serve as a watch-tower, - It s from this cause, a8 Sir'
. Baker remarks, that no animal s more difficult to stalk than tho
giraffo. This animal also uses its long neek as a means of offenco
or defence, by violently swinging its head armed with stump-liko*
horns. ‘The preservation of cach specics can rarely bo determined
by any oo advantage, but by the union of all, great and small.

Mr. Mivart then asks (and this is his second objection), if natural
sclection be sopoteat, and if high browsing be so great an advan~
tage, why hs ot any other hoofed quadruped acquired a long neck
and lofty stature, besides tho girafle, and, in a lesser degree, th
camel, guanaco, and macrauchenia?  Or, again, why has not any
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member of the group acquired a long proboscis? With respect to
. Africa, which was formerly inhabited by numerous herds of the
giraffe, the answer is not difficult, and can best be given by an
illustration, In every meadow in England in which trees grow,
we seo the lower branches trimmed or planed to an exact level by
the browsing of the horses o cattle; and what advantage would it
e, for instance, to sheep, if kept there, to acquire slightly longer
necks? In every district some one kind of animal will almost
certainly be able to browse higher than the others ; and it is almost
equally certain that this one kind alono could have its neck
elongated for this purpose, through natural selection and the effects
of increased use. In 8. Africa the competition for browsing on the
‘higher branches of the acacias and other trees must be between
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 not acquired cither an elongated neck
or a proboscis, cannot be distinctly answered; but it is as un-
reasonablo to expect  distinct answer to such a question, as
why some event in the history of mankind did not oceur 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 be favourable to its increase in some new country. We can,
Towever, see in & general manner that various causes might havo
interfered with the development of & long neck or proboscis. To
reach the foliage at & considerable height (without climbing, for
‘which hoofed animals are siogularly ill-constructed) implies greatly
increased bulk of body; and we know that some areas support
singularly fow large quadrupeds, for instance 5. America, though it
is 50 luxuriant ; whilst §. Africa abounds with them to an un-
paralleled degree. Why this should be so, we do not knows nor
why the later tertiary periods should have been much more favour-
able for their existence than the present time. Whatever the
causes may have been, we can see that certain districts and times
‘would have been much more favourable than others for the develop-
ment of 80 large & quadruped as the giraffe.

In order that an animal should acquire some structure specially
and largely developed, it is almost indispensable that several other
parts should be modified and co-adapted.  Although every part of
the body varies slightly, it does not follow that the necessary parts
should always vary in the right direction and to the right degree.
With the different species of our domesticated animals we know
that the parts vary in a different manner and degree; and that

x2
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o jes aro much more variable than others. Even if tha
tting variations did arise it docs not follow that natural selootion
would be able to act on them, and produce a structure which ap-
parently would be benefical o the species. For instance, if the
Dumber of individuals existing in  country is determined chiefly
through destruction by beasts of prey,—by external or internal
Darasites, &e.,—as seerns often to be the case, then natural selection
will be 4blo o do little, or will be greatly retarded, in modifying
any particular structure for obtaining food. Lastly, natural sclec-
tion is & slow process, and the samo favourablo conditions musy
long endure in order that any marked effect should thus be pro-
duced. Except 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,

Objectior foregoing have been advanced
Ty many writers. In each case various causes, besides the general
ones just indicated, have probably interfored with the acquisition
through natural selection of structures, which it is thought would bo
beneficial to certain species. One writer asks, why bas ot the
ostrich acquired the power of flight? But a moment’s reflection
will show what an enormous sapply of food would be necessary to
give to this bird of the desert force to move its huge body through
the air. Oceanio islands are inhabited by bats and seals, but by no
terrestrial mammals; yet as some of theso bats are peculiar species,
they must havo long inhabited their present homes, Therefore
Sir C. Lyell asks, and assigns certain reasons in answer, why have
not scals and bats given birth on such islands to forms fitted to
live on the land ? But seals would necessarily be first converted
. al carni imals of consi ize, and bats into
terrestrial insectivorous animals; for the former there would be
Do prey; for the bats ground-insects would serve as food, but.
these would already be largely preyed on by the reptiles or birds,
which first colonise and abound on most, oceanic islands. Gradations
of structure, with each stage beneficial to  changing species, will
be favoured only under certain peculiar 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 so thoroughly aquatic as to brave the open ocean, But seals
would not find on occanio islands the conditions favourable to their
gradual reconversion into a terrestrial form, Bats, as formerly
i o i e e AL

rom tree, like the so-called flying-squirrelsy
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for the sake of escaping from their enomies, or for avoiding falls ;
‘but when the power of true flight had once been acquired, it would
never be reconverted back, at least for the above purposes, into_the
Tess 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 case it would be
‘necessary that they should first havo acquired he power of running
quickly on the ground, by the aid of their hind legs alone, so as to
compete with birds or other ground animals; and for such a change
abat seems singularly ill-fitted. These conjectural remarks havo
‘made merely to show that a transition of structure, with each
step Leneficial, i & highly complex affir; and that thero is nothing
strango in a transition not having ocourrod 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. bo
assigned ; but as they are conjectural, and ther 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
20 one can solve the simpler problem why, of two races of savages,
one has risen higher in the seale of civilisation than the other; and
this apparently implies increased brain-power.

We will return to Mr. Mivart’s other objections. Tnsocts 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 latter 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 themsolves. The caterpillars which project
motionless like dead twigs from the bushes on which they feed,
offer an excellent instance of a resemblauce of this kind. The
cases of the imitation of such objects as the excrement of birds, are
mare and exceptional. On this head, Mr. Mivart remarks, «
according to Mr. Darwin's theory, there is a constant tendency to
indefinite variation, and as the minute incipient variations will be
in all directions, they must tend to neutralize each other, and at
first o form such unstable modifi tioms that 1 i diical,if nok
impossible, to see how such indefinite oscillations of infinitesimal
‘beginnings can ever build up a sufficiently appreciablo rescmblance
0 a leaf, bamboo, or other. objeet, for Natural Sclection to seize
upon and perpetuate,
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But in all the foregoing cases the insects in their original stato
10 doubt resented o udo and accidental rsembianco o
object commonly found in the stations frequented by them. Nor
is this at all improbable, considering the almost infinite number of
surrounding objects and the diversity in form and colour of the
hosts of insects which exist. As some rude resemblance is neces-
sary for the first start, we can understand how it is that the larger
and higher animals do not (with the exception, as far as T know, of
one fish) resemble for the sake of protection special objects, but
only the surface which commonly surrounds them, and this chiefly
in colour. Assuming that an insect originally happened to resemble
in some degree a dead twig or a decayed leaf, and that it varied
slightly in many ways, then all the variations which rendered the
insect at all more like any such object, and thus favoured its escape,
would be preserved, whilst other variations would be neglected and
ultimately lost; o, if they rendered the insect at all less like the
imitated object, they would be eliminated. Thero would indeed b
force in Mr. Mivart's objection, if we were to attempt to account
for the above resemblances, independently of natural selection,
through mere fluctuating variability ; but as the case stands there
s none.

Nor can I see any force in Mr. Mivart's difficulty with respect to
“the last touches of perfection in the mimicry;” as in the cass
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 foliaceous excrescerices were really
moss. Insects are proyed on by birds and other encmies, whose
sight is probably sharper than ours, and every grade in resemblance
which aided an insect to escape notice or detection, would tend
towards its preservation; and the more perfect the resemblance 5o
‘much the better for the insect. Considering the nature of the differ-
ences between the species in the group which includes the above
Ceroxylus, there is nothing improbable in this insect having varied
in the irregularities on its surface, and in these having become more
or 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 those common to all the species, are the most
constant.

The Greenland whale is one of the most wonderful animals in the
world, and the baleen, or whale-bone, one of its greatest pecu-
iarities, ‘The baleen consists of . ow, on. cach side, of tho upper
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jaw, of about 300 plates or lamin, which stand close together
trasversely to the longer axis of the mouth. Within the main row
there are some subsidiary rows: ‘The extremities and inner margins
of all the plates are frayed into stiff bristles, which clothe the whole
gigantic palate, and serve to strain or ift 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 ffteen feet 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 whals-bone also differs in
the different specics.

‘With respect to tho baleen, Mr. Mivart remarks that if it “had
«once attained such 3 size and development as to be at all useful,

n it preservation 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
e asked, why should not the early progenitors of the whales with

een have possessed o mouth constructed something like tho
lmellated beak of a duck? Ducks, like whalcs, suiies 1y R
the mud and water; and the family has som n called
i
saying that the progenitors of whales did aotually possess mouths
“amellated like the beals of & duck. I wish only to show that this
 not incredible, and that the immense plates of baleen in the
Greenland whale might have been developed from such lamelle by
finely graduated steps, each of service to its possessor.

‘The beak of a shoveller-duck (Spatula clypeata) is & moro bean-
tiful and complex structure than the mouth of a whale. Tho upper
‘mandible is funished on cach side (in the specimen exumined by
me) with a row or comb formed of 188 thin, elastic lanclle,
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
<dge. At their bases there is a short subsidiary row of obliquely
transverse lamclle, In these several respects they resemble the
plates of baleen in the mouth of & whale. But fowards tho
extremity of the beak they differ much, as they project inwards,
instead of straight downwards. The entire head of the shoveller,
#hough. incomparably less bulky, is about one-cighteenth of the
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length of the head of a moderatcly large Balwnoptera rostrata, in
which species the baleen is only nine inches long; 80 that if we
were to make the head of the shoveller as long as that of the
Balwnoptera, the lamells would be six inches in length,—that is,
two-thirds of the longth of the baleen in this species of whale. The
Tower mandiblo of the shoveller-luck is furnished with lamella 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.
s destituto of baleen. On the other hand, the extremities of theso
lower lamellm are frayed into fine bristly points, so that they thus
curiously resemble the plates of baleen. In the genus Priox, a
‘member of the distinct fumily of the Petrels, the upper mandible
alone i furnished with lsmell, which ate 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 concerned, through the beak of tho Merganetta armata, and
in some respects through that of the Aix sponsa, to the beak of the
‘common duck. In this latter species, the lamell are much coarser
than in the shoveller, and are firmly attached to the sides of the
mandible; they are only about 50 in number on each side, and do not
Project at all beneath the margin. They are square-topped, and are
edged with translucent hardish tissue, as if for crushing food. The
edges of the lower mandiblo are crossed by numerous fine ridges,
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 spocics, as T
hear from Mr. Salvin, in which the lamella are considerably less
doveloped than in the common duck; but I do not know whather
they use their beaks for siftiug the water,

Turning to another group of the same family. In the Egyptian
goose (Chenalopex) the beak closely resembles that of the common
duck;; but tho lamellm are not so numerous, nor so distinct from
each other, nor do thy project so much inwards ; yet this goose, as
L am informed by Mr. E. Bartlett, “uses its bill like  duck by
throwing the water out at the comers.” Its chief food, however, is
grass, which it crops like the common goose. In this latter bird,
the lamellw of the upper mandible are much coarser than in the
common duck, almost confluent, about 27 in number on each.
side, and ferminating upwards i teeth-like knobs. The palate is
also covered with hard rounded knobs. - Tho cdges of the lower
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‘mandible are serrated with teeth much more prominent, courser,
and sharper thau in the duck. The common goose does not sift tho
water, but uses its beak exclusively for tearing or cutting herbage,
for which purpose it s 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 lamell aro less developed
than in the common goose.

We thus see that a mmbﬂr of the duck fl\lmly, with a beak
constructed like that of the common goose apted solely for
g = i a b i 8 o kv e weldovelpd
Tamellw, might be converted by small changes into a species 1i
the Egyptian goose,—this into one like the common duck,—and,
lastly, into one like the shoveller, provided with a beak alioet
exclusively adapted for sifting the water; for this bird could hardly
use any part of its beak, except the hooked tip, for scizing or tearing
solid food. The beak of a goose, as 1 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 same family),
serving for the widely different purposo of seouring live fish.

Returning to the whales, The Hyperoodon bidens is destitute of
true teeth in an efficient condition, but its palate is roughened,
according to Lacepdde, with small, unequal, hard points of hor.
“here is, therefore, 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 beak of the goose, aided it in seizing or tearing its food. 1f
50, i will hardly be denied that the points might Lave been con-
verted through variation and natural selection into lamellw as well-
developed as those of the Igyptian goose, in which case they would
have been used both for seizing objects and for sifting the water ;
then into lamell like 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 lamell would be two-thirds
of tho length of tho plates of baleen in the Balanoptera rostrata,
gradations, which may be observed in still-cxisting Cetaceans, lead
us onvards to the enormous plates of balcen in the Greenland
whale. Nor is there the least rason fo doubt that each step 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-family. We should
Tear in mind that each species of duck s subjected to a severo

Danwin Online: By permission of the Trustees of the Natural History Museurn
. Y e



186 Miscellancous Objections to the ~ Cukr. VIL

struggle for existence, and that the structure of every part of its
frame must be well adapted to its conditions of life.

The Pleuroneetide, or Flat-fish, are remarkable for their asym-
‘metrical bodies. They rest on one side,—in the greater number of
species on the left, but in some on the right side; and occasionally
reversed adult specimens oceur. 'The lower, or resting-surface, ro-
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 tho
most remarkable peculiarity ; for they are both placed on the upper
sido of the head. During carly youth, however, they stand oppo-
site to cach other, and the whole body is then symmetrical, with
both sides equally coloured. ~Soon the eye proper to the lower sido
Tegins to glide slowly round the head to the upper side; but does
not pass right throngh the skull, as was formerly thought to be

It is obvious that unless the lower eye did thus travel

admirably adapted by their fiattened and asymmetrical structure
“r their habits of life, is manifest from several species, such as
soles, flounders, &, being extremely common. The chief ad-
~antages thus gained seem to be protection from their enemics,
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 considerablo degree alter the shape in which
it leaves the ovum, to the soles, which are entirely thrown to one
sdo”

Mr. Mivart has taken up this case, and remarks that a sudden
‘spontaneous transformation in the position of the eyes is hardly
conceivable, in which T quite agree with him. He then adds : “if
the trasit was gradual, then how such trasit of one eye a minute
fraction of the journey towards the other side of the head could
benefit the individual is, indeed, far from clear. It scems, even,
that such an incipient transformation must rather have been inju-
sious” But he might have found an answer to this objection in
the excellent observations published in 1867 by Maim. The
Pleuronectida, whilst very young and still symmotrical, with their
cyes standing on opposite sides of the head, cannot long retain
a vertical position, owing ta the excessive depth of their bodies, the
small size of their lateral fins, and to their being destitute of 8
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swimbladder. THence 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 seo above them ; and they
do this so vigorously that the eye is pressed hard against the
mopn part of the orbit. The forchead betwoen the cyes conso-

ly becomes, as could be plainly seen, temporarily contraoted
o i S h oo e e
depress the lower eye through an angular distance of about seventy
de

5.
‘We should remember that the skull at this early age is cartila-
ginous and flexible, so that it readily yields to muscular action.
Tt s 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-cared rabbits, if one ear lops forwards and downwards, its
weight drags forward all the bones of the skull on the same side, of
which I have given a figure. Malm states that the newly-hatched
young of perches, salmon, and several other symmetrical fishes,
have the habit of occasionally resting on ono side at the bottom
he has observed that they often then strain their lower eyes
50 s to look upwards; and their skulls are thus rendered rather
crooked. Theso fishes, however, are soon able to hold themselves
in a vertical position, and no permanent effect is thus produced.
With the Pleuronectide, on the other hand, the older they grow
the more habitually they rest on one side, owing to the increasing
flatness of their bodics, 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 be
increased through the principle of inheritance. ~Schicdte believes,
in opposition to some other naturalists, that the Pleuroncetida arc
ot quite symmetrical even in the embryo; and if this be so, we
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 adult Trachypterus arcticus, which is not a member of the
Pleuronectide, rests on its left side at the bottom, and swims
<\m-mmuy through tlw water ; and in this fish, the two sides of the
head a mewhat dissimilar. Our great authority on
Tiabes, D, G\mlhcr, concludes his abstract of Malm's paper, by
remarking that “ the author gives a very simple explanation of the
abnormal condition of the Pleuronectoids.
Wo thus seo that the first stages of the {ransit of the cye from
‘one side of the head to the other, which Mr. Mivart considers would
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Ye injurious, may be attributed to the habit, no doubt bene-
ficial to the individual and to the species, of endeavouring to
look upwards with both eyos, whilst resting on one side at the
Tottom. We may also attribite to the inherited effects of uso
the fack of the mouth in several kinds of flat-fish being bent
towards tho lower surfice, with the jaw bones stronger and moro
effective on this, the eyeless side of tho head, than on. the other,
for the sake, 1 Dr. Traquair supposes, of feeding with ase on the
ground. Disuse, on the other hand, will account for the less deve-
Joped condition of the whole inferior half of the body, including the
lateral fins ; though Yarrell thinks that the reduced size of theso
fins is advantageous to the fish, as “ there is 8o 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 auimals, wo may reasonably suppose that the absence of
colour in flat-fish on the side, whether it be the right or left,
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 the sole, 5o like the sandy 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. Hers natural selection has probably come iato
play, as well as in adapting the general shape of the body of theso
sishes, and many other peculiaritics, to their babits of ife. Wo
should keep in mind, as I have before insisted, that the inherited
effects of tho increased use of parts, and perbaps of their disuse, will
bo strengthened by natural selection. -

reased and beneficial use of any part. How much to attribute in
each particular case to the effects of use, and how much to natural
sclection, it scems impossible to decide.

may give another instance of a structure which apparently owes
its origin exclusively to use or habit. The extremity of tho tail in
somo American monkeys has been converted into & wonderfully
perfect prebensile organ, and serves as o fifth hand. A reviewer
Who agrees with Mr. Mivart in every dotail, remarks on this struc-
ture: “1t is impossiblo to believe that in any number of ages 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 belief.
Tabit, and this almost, implies that some 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 surfuce of their mother by their hands, and at the same
time they hooked their little fails round that of their mother.
Trofessor Henslow kept, in confinement some harvest mice (Mus
‘messorius) which do not possess a structurally prehensile tail ; but
he frequently observed that they curled their tails round the
‘branches of a bush placed in the cage, and thus aided themselves
in climbing. I have received an analogous account from Dr.
Giinther, who hae 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

abits 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
‘making its prodigious leaps, than as &' prohensile orga.

The mammary glands are common to the wholo class of mam-
mals, and are indispensablo for their existences they must, thero-
fore, have been developed at an extremely remote period, and we
can’ know nothing positively about their manter of development.
Mr. Mivart, asks : “1s it conceivable that the young of any animal
was ever saved from destruction by accidentally sucking a drop of
scarcely nutritious fluid from an accidentally hypertrophied cuta-
neous gland of its mother? And even if one was so, what chance
‘was there 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 o time, within a sack of this
mature; and an American naturalist, Mr. Lockwood, believes from
what he has scen of the development of tho young, that they are
nourished by a seeretion from the cutancous glands of tho sack.
Now vith the early progenitors of mammals, almost before they
deserved to be thus designated, is it not 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-
spring, than would. the individuals which secreted & paorer fluid;
and thus the cutancous glands, which aro the homologues of the
tmammary glaods, would have been improved or rendered more
effctive, 1t aceords with the widely extended principlo of speciali~
sation, hat the glands over a certain spaco of the sack should have
become more highly developed than th remainder; and they would
then bave formed a breast, but at frst without a nipple, s wo seo in
the Ornithorhynus, at the base of the mammalian serics. Through
what agency-the glands over a certain space became more highly
specialised. than tho others, T will not pretend to decide, whether
in art through compensation of growth, the effects of use, or of
natural selection.

The development of the mammary glands would have been of no
servios, and could not have been effected. through natoral seleotion,
unless the young at the same time were able to partake of the.
secretion. There is Do greater difficulty in understanding how
young mammals have instivctively learnt to suck the breast, than
in understanding how unhatched chickens havo learnt to breal tho.
egz-shell by tapping against it with their specially adapted beaks;
or how a few hours after leaving tho shell they have learnt to pick.
up grains of food. In such cases the most probable solution
10 be, that the habit was at first acquired by practico at  moro
advanced age, and afterwards transmitted. to the offspring at an
earlier age. But the young kangaroo is said not to suck, only to
cling to the mipple 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'no special provision exist, the
young one must infallibly be choked by the intrusion of the milk
into the windpipe. But there is a speoial provision. The larynx
is 5o clongated that it rises up into tho posterior end of the masal
passage, and is thus enabled to give freo entrance to the air for the
Jungs, while the milk passes harmlessly on each side of this elon-
gated larynx, and so safely attains tho gullet behind it.” Mr. Mivart
then asks how did natural selection remove in the adalt kangaroo
(and in most other mammals, on the assumption that they are
descended from a marsupial form), “ this at least perfeotly innocent
and harmless structure?” 1t may be suggested in answer that the
‘oice, which is certainly of high importance to many animals, could
hardly have been used with full force as long as the larynx entered
the nasal passago; and Professor Flower has suggested to me that
this structure would have greatly interfered with an animal swallow=
ing solid food.
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The Echinodermata (star-fishes, sea-urchins, &o.).
are furnished with remarkable orgaus, called pedicellariz, whicl
consist, when well developed, of & 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 séizo firmly hold of any object; and Alexander Agassiz has
seen 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. But there is no doubt that besides
removing dirt of all kinds, they subserve other functions ; and one
of theso apparently is defence.

With respect to theso organs, Mr. Mivart, as on so many
vious occasions, asks : “What would be the utility of the first
rudimentary Deginnings of such structures, and how could such
incipient buddings have ever proserved the lifo of a single Echinus ?™
Ho adds, “not even the sudden development of the suapping action
could have been bencficial without the frecly moveable stalk, nor
could the latter have been efficient without the snapping jaws, yet
1o minute merely indefinite variations could simultancously evolve
these complex co-ordinations of structure ; to deny this seems to do
10 less than to afirm a startling paradox.” Paradoxical as this
may appear to Mr. Mivart, tridactyle forcepses, immovably 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, Agussiz, to whose great kindness.
1 am indabted 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 to a support for the other two; and agin,
other genera in which the third arm is completely lost. In Echino-
neus, the shell is described by M. Perrier as bearing two kinds of

" pedicellarize, one resembling those of Echinus, and the other those
of Spatangus; and such cases are always interesting as affording
the means of apparently sudden transitions, through the abortion of
ono of the two states of an organ.

With respect o the steps by which these curious organs havo
een evolved, Mr. Agassiz infers from his own rescarches and those
of Milller, that both in star-fishes and sea-urchins the pedicellaria
‘must undoubedly be looked at as modified spines. This may be
inferred. from their manner of development in the individual, as
well as from a long and perfect series of gradations in difforent
species and genem, from simple granules to ordinary spines, to
perfect tridactyle pedicellari, The gradation extends even to

We will now turn for a short space to the lower divisions of fhe-
animal kingdom.
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the manner in which ordinary spines and the pedicellarie with
their supporting calcareons rods are articulated to the shell, Tn
certain_genera of star-fishes, “the very combinations neoded to
show that the pedicellarie are only modified branching spines™
may be found. Thus we have fixed spines, with three equi-distant,
serrated, moveable branches, articulated to near their bases ; and
higher up, on the same spine, three other moveable branches,
Now when the latter arise from the sumumit of a spine they form
in fuct a rude tridactyle pedicellaria, and such may be seen on the
same spine together with the threo lower branches. In this case
<he identity in nature between the arms of the pedicellari and the
moveable branches of a spine, is unmistakeable. 1t is generally
admitted that the ordinary spines serve as a protection; and if so,
there can be 1o reason to doubt that those furnished with serrated.
and moveable branches likewiso serve for the same purpose; and
they would thus serve still more effcctively as soon as by meeting
together they acted as a prehensilo or snapping apparatus. Thus
every gradation, from an ordinary fixed spine to a fixed pedicelaria,
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 case
they probably subserve some additional function besides defence.
In the sea-urchins the steps can be followed by which a fixed spine

mes articulated to the shell, and is thus rendered moveable.
1 wish I had space here to give a fller abstract of Mr. Agassiz
interesting observations on the development of the pedicellarie.
All possible gradations, as he adds, may likewise be found between
the pedicallarit of the star-fishes and the hooks of the Ophiurians,
another group of the Echinodermata ; and again between the pedi-
cellarim of sea-urchins and the anchors of the Holothuri, also
belonging to the same great, class.

”,

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

M. Mivart adduces this e, chiely on account of the supposed
dx(ﬁcn.ltyuf organs, namely the avicularia of the Polyzoa and the
pedicellarie of the Echinodormata, which he considers as “ esson-
tially similar,” having been developed through natural selection in
widely distinct divisions of the animal kingdom. But, as far as
structure is mnmed, can see no similarity between tridactyle

i i icularia, The latter resemble somewhat more

have adduced with oqual appropriatencss this resemblance as a
Bl dikeiy; e o their resemblance to the head and beak
ofa bird.The avicularia are believed by Mr. Busk, Dr. Smitt, and
Dr. Nitsche—nataralists who have carefully studied this group—to
be homologous with the zooids and their cells which compose the
zoophyte; the moveable lip or 1id of the cell corresponding with the
lower and moveable mandiblo of the avicularium.  Mr. Busk, how-
T doea ot o of ‘gradations now existing beteween & zo0id
cularium, It i therefore impossible to conjecture by
R gradations the one could have been converted into
the other: but it by no means follows from this that such grada-
tions bave not existed.

As the chela of Crustaccans resemble in some degree the avicu-
laria of Polyzos, both serving as pincers, it may be worth while to
show that with the former a long series of serviceable gradations
stil exists, In the first and simplest, 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
 catch hold of an object; but the limb still serves as an organ
of locomotion. We next find one corner of the broad penultimate
st dlghtly, peasioet, sonatins fomished wil rsgulec
tooth; and against these the terminal segment shuts down. By an
increaso in the size of this projection, with its shape, as well as that
of the terminal segment, slightly modified and improved, the incers
are rendered more and more perfect, until wo have at last an instru-
ment as effcient as the chelw of a lobster; and all these gradations
can be actually traced.

Besides the avicularia, the Polyzoa possess curions organs called
vibracula, These generally consist of long bristles, capable of

y me

the vibracala 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
°
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across the objoct-glass of my microscope. When a branch was
placed on its e, the vibracula becamo entangled, and they made
Violent efforts to freo themselves. They are supposed to serve as
a defence, and may be seen, as Mr. Busk remarks, “to sweep
slowly and. carefally over the surface of the polyzoury, removing
what might be noxious to tho delicato inhabitants of the eclls 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 belioved are afterwards swept by the curreuts
within reach of the tentacula of the zooids. Somo species are
provided with avicularia and vibracula ; some with avieularia alone,
and a fow with vibracula alone.

Tt is not easy to imagine two objocts more widely difforent in
appearance than o bristle or vibraculum, and an avicularium like
the head of a bird ; yet they are almost certainly homologous and.
have been developed from the sume common source, namely a z00id
with its cell. Hence we can understand how it is that thess
organs graduate in some cases, as 1 am informed by Mr. Busk,
into cach other. Thus with tho avicularia of several species of
Lepralis, the moveable mandible is so much produced and is 8o like
a bristle, that the presence of the upper or 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 avioularian stage; but it seems more probable that
they have passed through this stage, as during the early stages of
the transformation, the other parts of the cell with the included
200id conld hardly have dissppeared at once. In many cases the
vibracula have a grooved support at the base, which scems to Fepro-
sent the fixed beak; though this support in some spesies i quite
absent, ‘This view of the development of the vibracula, if trust-
worthy, is interesting ; for supposing that all the spocies provided
with avicularia had become extinet, no one with the most vivid
imnginatic i ‘had originally
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
organs developed from & common origin; and as the moveable lip
of the cell serves as a protection to the zooid, there is no dificulty
in believing that all the gradations, by which the lip became can-
verted first into_the lower mandible of an avicularium and then
into an elongated bristle, likewise served as a protection in differont
ways and under different circumstances,

In the vegetable kingdom Mr. Mivart ouly alludes to two cases,
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‘namely the structure of the flowers of orchids, and the movements
of climbing plants. With respect to the former, he says,  the
explanation of their origin is deemed thoroughly unsatisfactory—
utterly insufficient to explain the incipient, infinitesimal beginni

of structures which are of utility only when they are considerably
developed.” As T have fully treated this subject in another work,
T will here give only a few details on one alone of the most striking
‘peculiarities of the flowers of orchids, namely their pollinia. A
‘pollinum 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 stizma 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
not. confined to orchids, they necd not here be considered ; yet T
‘may mention that at the baso of the orchidaceous series, in Cypri-
‘pedium, we can sce how the threads were probably first developed.
In other orchids the threads cohero at ono 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 stizma 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
coplous 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 aro endless gradations,—to species in Which
the pollen-mass terminates in a very short, free caudicle,—to 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 a mass of pollen-grains merely ticd 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
by insccts; nor will he deny that all the gradations in the several
species aro admirably adapted in relation o tho goneral structure
of cach flower for its fertilisation by different insects. In this, and
in almost every other case, the enquiry may be pushed further
‘ackwards; 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 fo
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 @ support, to
those which T have called leaf-climbers, and to those provided with
tendrils. TIn 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 likewiso possess. Tho grdations
from lea-climbers to tendril-bearers are wonderfully close, and
certain plants may be indifferently placed in cither class, But in
ascending the series from simple twiners to leaf-climbers, an jmpor-
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 @ high degree o tho species. For instance, it
is clearly a great advantage to a twining plant to become o leat-
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 o & 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

ants acquire this power in an incipient degree, afterwards 1o be
improved and increased through natural selection. The power of
twining depends, firstly, on the stems whilst young being extremely
flexible (but this is a character common to many plants which are
not 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 iuclined to all sides, and
are made o move round and round.  As soon as the lower part of
of a stem strikes against any object and is stopped, the upper patt
still goes on bending and revolving, and thus necessarily twines
round and up the support. The revolving movement ceases after
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the carly growth of each shoot. As in many widely separated
familios of plants, single species and single genera possess tho power
of rovolying, and have thus becomo twiners, they must have
indopendently acquired. it, and cunnot have inherited it from a
common progenitor. Hence L was led to predict that some slight
tendency to 3 movement of this kind would bo found to be far from
uncommon with plants which did not climb; and that this had
afforded the basis for natural 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
Linum,—plants which do not climb and aro widely separated in
the natural system,—revolved plainly, though irregularly; and ho
states that he has reason to suspect, that this occurs with some other
plants. These slight movements appear to bo of 1o service to the
‘plants in question 3 anyhow, they are not of the least use in the way
of climbing, which is the point that concerns us. Nevertheless we can
sce that f the stems of theso 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 irrogularly revolving
‘might have been increased and utilised_through natural sclection,
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 applicablo
as in the case of the revolving movements of twining plants, As
 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 caso: I observed that the young flower-pedunces of
the above Maurandia curved themselves a littlo towards the side
which was touched. Morren found in several species of Oxalis that
the leaves 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 same result ; in some of them the
movement was distinct, but was best scen in the young leaves; in
others it was extremely slight. It is a 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, due to
a touch or shake, in the young and growing organs of plants, can
e 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 rarely
from the light,—in opposition to, and more rarely in the direction
of, the attraction of gravity. \hen the nerves and muscles of an
animal are excited by galvanism or by the absorption of strychnine,
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
there 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. It s,
however, probable, from reasons which 1 have assigned in my
‘memoir, that this will have occurred only with plants which had
already acquired the power of revolving, and had thus become
twiners.

Thave to explain how plants be
namely, by the increase of a terdency to slight and irregular
revolving movements, which were at first of o use to them; this
movement, as well as that due to  touch 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.

1 have now considered enough, perhaps more than enough, of the.
cases, selected with care by a skilful naturalist, to prove that natural
selection i

for enlarging a little on gradations of structure, often associated
with changed functions,—an important subject, which was ot
treated at sufficient length in the former editions of this work. 1
will now briefly recapitulate the foregoing cases,

With the giraffe, the continued preservation of the individuals of
somo extinct high-reaching ruminant, which had the longest necks,
legs, &c, and could browse a little above the average height, and
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tho continned destruotion of those which could not browse so high,
would have sufficed for the production of this remarkablo quad-
ruped; but the prolonged use of all the parts together with inherit-
anco will have aided in an imporfant manner in their co-ordination.
With tho many insects which imitate various objects, there is no
improbability in tho belief that an accidental resemblance to some
common object was in each case the foundation for the work of
natural selection, since perfected through the occasional preservation
of slight variations which made the resemblance at all closer; and

vary, and as long a5  more and more perfect resemblance led to its
escape from sharp-sighted cnemies. In certain species of whales
there is a tendency to the formation of irregular little points of hom
on the palate ; and it seems to be quite within the scope of natural
sclection to preserve all favourable variations, until the points were
converted first into lamellated knobs or teeth, like those on the
beak of a goose,—then into short lamelle, like those of the domestic
ducks;—and then into lamell, as perfect as those of the shovellor-
duok,—and finally into tho 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 tecth and partly as a sifting
apparatus, and at last almost exclusively for this latter purpose.
With such structures as the above lamellz of hom or whale-
bone, habit or use can have done little or nothing, as far as we
can judge, towards their development. On the other hand, the
transportal of the lower eye of a fiat-fish to the upper side of
the head, and the formation of o prehensilo tail, may be attributed
almost wholly to continued use, together with inheritance. With
respect to the mammuw of the higher animals, the most probable
canjecture is that primordially the cutaneous glands over the whole
surfuce of a marsupial sack sccreted a nutritious flnid ; and that
these glands were improved in function through natural selection,
and concentrated into a confined area, in which case they would
have formed a mamma, Thero is no more difficulty in under-
standing how the branched spines of some ancient Echinoderm,
which served as a defence, beeame developed through natural selec-
tion into tridactyle pedicellari, 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 Polyzon we bave organs widely different in
appearance developed from the same source ; and with the vibraoula
we can understand how the successive gradations might have been
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+f service. With the pollinia of orchids, the threads which originally-
served to tie together the pollen-grains, can be traced cobering into
Iaudicles ; and the steps can likewise be followed by which viscid
matter, such as that secreted by the stigmas of ordinary flowers, and
still subserving nearly 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, I need not repeat what has been so lately said.
It has often been asked, if natural selection be 5o potent, why has
notthis or that strcturo boen gained by certain species t whih
1 1y hav

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 numbers and range. In most cases
only general reasons, but in some few cases special reasons, can be
assigned. Thus to adapt a 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 o certain structures, which we imagine
would have been gained through natural selection from appearing
to us advantageous to the species. In this case, as the strugsle
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 development of a structure; 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 effected something; but he considers it 1%
“ demonstrably insufficient ™ to account for the phenomena which T
expalin by its agency. ' His chiof arguments have now been con-
sidered, and the others will hereafter be considered. They seem to
me to partake little of the character of demonstration, and to have
lttle weight in comparison with those in favour of the power of
natural selection, aided by the other agencies often specified. 1 amt
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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e
some form. ~ Mr. Mivart believes that species change 4

temmal foce o fendemey.® sboos which 1 1 no prtended it
anything is known. That species have a capacity for change will
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 id of natural selection would equally well give rise by gradu-
ated steps to natural races or species. The final result will gene-
mlly have been, as already explained, an advance, but in somo fow
cases a retrogression, in organisation.

Mr. Mivart is further inclined to believe, and some naturalists
agree with him, that new species manifest themselyes * with sud-
denness and by modifications appearing at once.” For instance,
he supposes that the differcnces between the extinct throo-toed
Hipparion and the horse arose suddenly. Ho thinks it difficult to
elieve that the wing of a bird “was developed in any other way
than by o comparatively sudden modification of @ marked and
mponm Lmd' and apparently he would extend the same view
to of bats and pterodactyles. This conclusion, which
Amphel grm ‘breaks or discontinuity in the series, appears to me:
improbable in the highest degree.

Every one who believes in slow and gradusl evolution, will of
course admit that specific changes may have been as abrupt
great, as any single variation which wo meet with under nature,
or even under domestication. But as species are moro variable
when domesticated or cultivated than under their natural con-
ditions, it s nob probablo tha 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 fo reversion ; and the characters which thus reappear
were, it is probable, in many cases at first gained in a gradual
manier, A sl grestr munber nust bo called monstroste,euch
25 six-fingered men, porcupine men, Ancon sheep, Niata cattle, &
and as they are widely different in character from natural o
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 state of nature, doubtful spacies, closely related to
their parental type

ons for doubling whethe natural apeces have changed
a8 abruptly as have oceasionally 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-
vience, abrupt and strongly marked yariations oceur in our domesti-
cated productions, singly and at rather long intervals of time, If
such ocourred under nature, they would be liable, as formerly
explained, to be lost by accidental causes of destruction and by
subsequent inter-crossing; and o it is known to be under domesti-
cation, unless abrupt variations of this kind are specially preserved
and soparated by the care of man, Hence in order that a new
species should suddenly appear in the manner supposed by Mr,
Mivart, it is almost necessary to beliove, in opposition to all anae
logy, that several wonderfully changed individuals appeared simul-
taneously within the same district. This difficulty, as in the case of
unconseious 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 direotion, and of the
destruction of & large number which varied in an apposite manner,

That many species have been evolved in an extremely gradual
manner, there can hardly bo a doubt. The species and even the
genera of many large natural families are so closely allied togethier,
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,
&., we meet with a host of closely related or representative species;
as we likewise do on certain distinct continents, which we have
reason to beli in maki

hereaiter o be discussed. Look at the many outlying islands round
4 continent, and see how many of their inhabitants can be raised
anly to the ranlk of doubtful species. So it is if we look to past
times, and compare the species which have just passed ayay with
those still living within the same areas; or if we compare the fossil
species embedded in the sub-stages of the same geological formation.
It is indeod mavifest that maultitudes 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
ped in an abrupt or sudden manner. Nor should it be
forgotten, when we look to the special parts of allied species, instead
of to distinet species, that numerons and wonderfully fine grada-
tions can be traced, connccting together widely different structures.
Many 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 genera are more closcly
related to cach other, and present a greater number of varietics
than do the species in the smaller genera. Tho former are also

Darwin Online: By permission of the Trustees of the Natural History.
! P e e



CurNIL  Theory of Natural Sclection. 203

grouped in little clusters, like varietie round species; and. they

how the parts ikt e developed in an extraordinary degree
or manner are more variable than other parts of the same species,
Mnny analogous facts, all pointing in the same direction, could be

Althvngh very many species have almost certainly been pro-
duced by steps not greater than those separating fine varieties; yet
it may be maintained that some have been developed in a different,
and abrupt manner. Such an admission, however, ought not 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 fucet to another, hardly
deserve consideration. One class of facts, however, namely, tho
sudden appearance of new and distinct forms of lfe 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
B L iy e iy g
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 counecting links in our geological formations. But
‘against the belief in such abrupt changes, embryology enters a stro
protest. 1t is notorious that the wings of birds and bats, and the legs
of horses or other quadrupeds, are undistinguishablo at an carly em-
bryonio period, and that they become differentiated by seasibly
fine steps. Embryological resemblances of all kinds can be ac
counted for, as we shall hereafter see, by the progenitors of our
xisting species having varied after early youth, and having trans-
mitted their newly acquired characters to their ofispring, at a
corresponding age. Tho cmbryo is thus lot almost unalfected, and

8 08 & record of the past condition of the species. Hence it
o that existing species during the carly stages of their develop-
ment 80 often resemble ancient and extinet forms belonging to the
sume class. On this view of the meaning of embryological resem-
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‘Dlances, and indeed on any view, it is incredible that an animal
should have undergone such momentous and abrupt transforma-
tions, as those above indicated ; and yeb should not bear even a
trace in its embryonic condition of any sudden modification; every
detail in its structure being developed by insensibly fine steps.

Ho who believes that some ancient form was transformed sud~
denly through an internal force or tendency into, for instance, ono
furnished with wings, will be almost compelled to assume, in oppo-
sition to all analogy, that many individuals varied simultancously,
1t cannot be denied that such abrupt and great changes of struc-
ture aro 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-ulapta-
tions, ho will not be able to assizn a shadow of an explanation.
He will be forced to admit that theso 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

Insiver.

s — Instincts_variable — Domestio in-
stinets, their origin — Natural instincts of the cuckoo, molothrus,
ostrich, and_ parasitio bees— Slave-making ants — Hive-bee, its cell:
making instinct— Changes of instinct and structuro not necessarily
simultaneous —Difficulties of the theory of the Natural Selection of
instints — Neuter or sterile fnsects — Summary

lustinets comparable with habits, but different in their origin — Instinets
g i n

Maxy instincts are so wonderful that their development will pro-
Tably appear to the reader a difficulty suficient to overthrow my
whole 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. We are concerned only with the diversities of instinct
and of the other mental faculties in animals of the same class.

1 will not attempt any definition of instinct. It would be easy o
show that several distinct mental actions are commonly embraced
by this term ; but every one understands what is meant, when it is
said that instinct impels the cuckoo to migrate and to lay her eggs
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 a 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 I could show that none of these characters are universal. A
ittle 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 soveral of the older Metaphysicians have
compared instinct with habit. This comparison gives, I think, an
accurate notion of the frame of mind under which an instinctive
action is performed, but not necessaily of its origin. How uncon-
sciously many habitual actions are performed, indeed not rarely fn
irect opposition to our conscious willl yet they may be modi-
fied by the will or reason. Habits easily become associated with
-other Labits, 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 halits
could be pointed out. As in repeating a well-known song, so in
instincts, one action follows auother by a sort of rhythm if a person
bo interrupted in a song, or in repeating anything by rote, he is
generally forced to go back to recover the habitual train of thought
soP. 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
imply formed the fourth, fifth, and sixt
1f, however, a caterpillar wero taken out of a hammock made up,
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 em]
and in order to complete its hammock, seemed forced to start from
the third stage, where it had left off, and thus tried to complete the
already finished work

If we suppose any habitual action to become inherited—and it
can bo shown that this does sometimes happen—then the resem-

inally was a habit and an instinct becomes

50 close as not o be distinguished. 1 Mozart, instead of playing
the pianoforte at three years old with wonderfully little practioe,
had played & tune with 1o practice at all, he might traly be said
to have done so instinctively. Bat it would be a serious error to
suppose that the greater number of instinets have been acquired by
habit in one generation, and then transmitted by inheritance {0
succeeding generations. It can bo elearly shown that the most
wonderful instincts with which we are acquainted, namely, those!
of the hive-bee and of many ants, could not possibly have been
acquired by habit,

1t will be universally admitted that instincts are as important as
corporeal structures for the welfare of each species, under its prosent
conditions of life. Under changed conditions of life, it is at least
possible that slight modifications of instinct might be profitable to
a spocies ; aud if it can be shown that instinets do vary ever s
little, then I can see no difficulty in natural selection preserving
and continually acoumulating variations of instinct o 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 T do not doubt it has been
with instincts. But I believe that tho effects of habit are in many
cases of subordinate importance to the effects of the natural selection
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of what may be called spontaneous variations of instincts;—that
{5 of variations produced. by the sume unknown causes which. pro-
duco slight deviations of bodily structure.

No complex instinot can possibly be pmdmd through natural
selection, except by the slow and gradual accumulation of numerous
slight, yet profitable, 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 acquired—for
these could be found only in the lineal ancestors of cach species—
but we ought to find in the collateral lines of descent some evidence
of such gradations; or wo ought at least to be able to show that
gradations of some kind are possible; and this we certainly can. da
Thave been surprised to find, making allowance for the instincts of
animals having been but little observed except in Europe and Nerh
America, and for no instinct being known amongst extinct spcics,
how very generally gradations, leading to the most complex instincts,
can bo discovered. Changesof instinct may sometimes be fucilitated
by the same species having different, instinets at difforent, periods
of life, or at different seasons of the year, or when placed under
different circumstances, &.; in which caso either the one or the
other instinct might be preserved by natural selection. And such
instances of diversity of instinct in the same species can be shown
to oceur in nature.

Again, as in the case of corporeal structure, and conformably to
my theory, the instinct of each species is good for itself, but has
never, as far as we can judge, been produced for the exclusive good
of others.  One of the L msl.mu\ of an animal apparent]

ood_of another, with which T am
‘aoquainted, is that of iphlda voluntarily yielding, as was first
observed by Huber, their sweet excretion to ants: that they do so-
voluntarily, the following facts show. I removed all the ants from
a group of about a dozen aphides on a dock-plant, and prevented
their attendance during several hours, After this interval, I felt
suro that the aphides would want to excrete. 1 watched them for
some time through a leus, but not one excreted ; 1 then tickled and.
steokd them with & i n the same manner, s wll a8 T could,
ants do with their antennz ; but not one excreted. After-
e T ALt b5 visit them, and it impediately seemed,
by its -ger way of running about, to be well aware what a rich
flock it had discovered ; it then began to play with its antenn on
ho ahdomen frstof ano aphia and. hon.of another , 20 6ach 05
5000, it flt tho anten, immediately lifted up its abdomen and
excreted a limpid drop of sweet juice, which was cagerly devoured
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by 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 dislike to the ants  if the latter be not present
shey are at last compelled to eject their excretion. But as the
excretion is extremely viscid, it is no doubt a convenience to the
aphides to have it removed ; therefore probably they do not exerete

olely for the good of the ants. Mgmﬁw
S0y saial perforeoe & ackion good

species, yot each tries to tak u
as each takes advantage of the weaker bodily structure of other
species. S0 again certain instincts cannot be considered as abso-
Iutaly perect; butas details on his and ofher such points are not
indispensable, they may be here passed ove

As some degree of variation in instincts Imdcr astate of nature,
and the inheritance of such variations, are indispensable for the
action of natural selection, as many instances as possible ought to
e given; but want of space prevents me. I can only assert that
instinots cartainly 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
specics 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”?
But what other natural material could bees use? They will work,
a8 T have seen, with wax hardencd with vermilion o softened
with lard, Andrew Knight observed that his bees, instead of
Iaborionsly collecting propolis, used a coment of wax and turpentine,
with which he had covered decorticated troes. It has lately boen.
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
Dirds, though it is strengthened by expericnce, and by the sight of
fear of the same enemy in other animals, The fear of man is slowly
acquired, as I have clsewhere shown, by the various animals which
inhabit_desert islands; and we sco an instance of this even i
England, in the greater wildness of all our large birds in comparzon
with our small birds ; for the large birds have been most
by man. We may safely attribute the greater wildness of =
Jarge birds to this cause ; for in uninhabited islands large birds are
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ot more fearful than small ; and the magpie, so wary in England,
is tame in Norway, as is the hooded crow in Egypt.

That the mental qualities of animals of tho same kind, born in &
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 speoies, might have
given rise, through natural selcetion, o new instincts. But T am
well aware that these general statements, without the facts in
detail, will produce hut a fecble effect on the reader's mind. I
can only repeat my assurance, that I do not speak without good.
evidence.

Iuherited. Changes of Habit or Instinet in Domesticated
Animals.

The possibility, or even probability, of inherited variations of
instinet in a state of nature will be strengthiened by bricfly consider-
ing o few cases under domestication. We shall thus be enabled to
see the part which habit and the selection of so-called spontancous
variations have played in modifying the mental qualities of our
domestioanimals. It is notorions how much domestic animals vary
in their mental qualitios. With cats, for instance, one naturally
takes to catching rats, and another mice, and these tendencics aro
Jnown to be inberited. One cat, according to Mr. $t. John, always
‘Dbrought 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 peri
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 (T
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 each breed, and without the end
being known—for the young pointer can o more know that ho
points t0 aid his master, than the white butterfly knows why she
lays her eags on the leaf of the cabbago—I cannot sco that theso
actions differ essentially from true instincts, If we were to behold
one kind of wolf, when young and without any training, as soon as
it scented its prey, stand motionless like o 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
fixed thao natural instincts; but they have been acted on by far
Jess rigorous selection, and have been transmitted for an. incompar-
ably shorter period, under less fixed conditions of life.

How strongly these domestic_instinets, habits, and dispositions
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  bull-dog has affected for many generations the
courage and obstinacy of greyhounds ; and a cross with a greyhor
has given to  whole family of shepherd-dogs a tendency to hunt
hares. These domestic instincts, when thus tested by crossing,
resemble natural instincts, which in a like manner become curiously
blended together, and for & 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
parentago only in one way, by not coming in a straight line to his
master, when called.

Domestic instincts 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 o
tumble,—an action which, as I have witnessed, is performed by
young birds, that have never seen o pigeon tumble, We may
believe that some one pigeon showed a slight tendency to this
strange abit, and that the long-continued selection of the best
individuals in successive generations made tumblers what they now
are; and near Glasgow there are house-tumblers, as 1 hear from
Mr. Breat, which cannot fly eighteen inches high without going
Jiead over heels. It may be doubted whether any one would have
thought of training a dog to point, had not some one dog naturally
shown a tendency in this line; and this is known occasionally 0
‘happen, as L once saw, in a pure terrier: the act of pointing is pro-
bably, as many bave thought, only the exaggerated pause of an
animal preparing to spring on its prey. When the first tendency
to point was once displayed, methodical slection and the inherited
effects of compulsory training in each successive generation would
soon. complete the work; and unconscious selection is still in
‘progress, as each man tries to procure, without intending to improve
the breed, dogs which stand and hunt best. On the other hand,
babit alone in some cases has sufficed ; hardly any animal js more
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diffcult to tame than the young of the wild rabbit; scarcely any
animal s tamer than the young of the tame rabbit; but I can
hardly suppose that domestio rabbits have often been sclected. for
tamoness alone;, 8o that we must attributo at least the grcater part
of tho fnherited change from extreme wildness o extreme tame-
ness, to habit and long-continued close confinement.

Nataral instincts are lost under domestication: a remarkablo

or never become “broody,” that is, never wish to sit on their eggs.
Familiarity alone prevents our secing how largely and how perma-
nently the minds of our domestic animals have been modified. 1t
i scarcely possible to doubt that the love of man has become
instinctive in the dog. Al wolves, foxes, jackals, and species of
xhe cat genus, when kept tame, are most eager to attack poultry,
and pigs; and this tendency has been found incurable in

oga which hage boen broogh home a8 pupples from countrios such
as Tierra del Fuego and Australia, where the savages do not keep
these domestic animals, How rarely, on tho 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 da
‘make an attack, and aro then beaten ; and if not cured, they are
destroyed ; so that habit, and some degreo of sclection have pro-
bably concurred in civilising by inheritance our dogs. On the
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 1 am informed by Captain Hutton that the young chickens of
the parent-stock, the Gallus bankiva, when reared in India under a
i, st s xcesvaly wid St is with young phessats
land under & hen. Tt is not that chickens have lost

itk g of s 02 eats, for if the hen gives the

thickets ; and this is evidently done for the instinctive purposo of
allowing, as we see in wild ground-birds, their mother to fiy away.
But this instinct retained by our chickens has become useless under
domestication, for the mother-hen has almost lost by disuse the
power of flight.

o, we may conclude, that under domestication intincts have

appeared from what wo must in our ignorance call an accident. In
+ some cases compulsory habit alone has sufficed to produce inhe-
r2

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



212 Special Instincts. Cinar, VIIL,
A e

ited mental changes; in other cases compulsory habit has done.
‘,?S‘.‘ﬁsng, a1l hasbeen the result of selection, pursuod. both,
methodically and unconscionsly : but in most cases habit and
selection have probably concurred.

Special Tnstincts.

We rhaps, best understand how instincts in a state of
it v Do i by selection, by considering a fow
cases. T will select only three,—namely, the instinct which leads
tho ouckoo to lay her eggs in other birds' nests ; the slave-making
instinet, of certain ants; and the coll'making power of the
hive-bee, These two latter instincts have generally and justly
Deen ranked by naturalists as the most wonderful of all known
instinets.

Tnstinets of the Cuckoo—Tt is supposed by some maturalists that
the more immediate causo of the instinct of the cuckoo is, that she
lays ber eges, 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 ez,
those first laid would havo to be loft for some time unincubated, or
there would be eggs and young birds of different ages in the same
nest. I this were the case, the process of laying and hatohing
‘might be inconveniently long, more especially as she migrates at a
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 malkes her own nest, and has eggs and
young successively hatched, all at the same time, Tt has been both
‘asserted and denied that the American cuckoo occasionally lays her
oggs in other birds' nests ; but T have lately heard from Dr. Merrell,
of Towa, that he once found in Illinois a young cuckoo together
with a 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 sevoral instances of various
birds which have been known occasionally to lay their ezgs in other
birds' nests.  Now let us suppose that, the ancient progenitor of our
Turopean 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
carlier or through any other cause ; or if the young were made more
vigorous by advantage being taken of the mistaken instinot of
another species than when reared by their own mother, enoum-
ered as she could hardly fail to bo by having ezes and young of
different ages at the same time; then the old birds or the fostered
young would gain an advantage. And analogy would lead us £
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elieve, that the young thus reared would be apt to follow by inhe-
sitanco the occasional and aberrant habit of their mother, and in
their turn would be apt to lny their eggs in other birds' nests, and
thus be more successful in rearing their young. By @ continued
process of this nature, I believe that the strange instinct of our
cuckoo has been generated It has, also, recently been ascertained
on suffcient evidence, by Adolf Miiller, that the cuckoo occasionally
Inys her eggs on tho bare ground, sits on them, and feeds her young.
“This rare event is probably a case of reversion to the long-lost,
aboriginal instinct of nidification.

Tt has been objected that I have not noticed other related instincts
and adaplations of structure in the cuckoo, which are spoken of as
necessarily co-ordinated. But in all cases, specalation on an instinct
known to us only in a single species, is useless, for we have hitherto
Jad 1o facts to guide us.  Until recently the instincts of the Buro-
pean and of the non-parasitio American cuckoo alone were known ;
now, owing to Mr. Ramsay's observations, we have learnt something
abou, three Australian species, which lay their egas in other birds'
neste, The chief points to be referred to are threo: fist, that the
<ommon cuckoo, with rare exceptions, lays only one ezg in a nest,
so that the large and voracious young bird receives amplo food.
Sccondly, that the eags are remarkably small, not exceeding thoso
of the skylark,—a bird about one-fourth as large as the cuckeo.
That the small size of the egg is a real case of adaptation we may
infer from the fact of the non-parasitio 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 & beneficent arrangement, in order that
the young b sficiont, food, and that its fostar-broth
may perish before they had acquired much feeling!

Turning now to the Australian species; though these birds gene-
rally lay only one egg in a nest, it is not rare to find two and 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
becn of an advantage {o this species to have laid eggs even smaller
than those now laid, o as to have deccived certain foster-parents,
o, 4 is more probable, to have been hatched within a shorter period
(for it is asserted. that there is a relation between the size of og:
and the period of their incubation), then there is no difficulty in
‘believing that a race or species might have been formed which
wwould have laid smaller and smaller egas ; for these would have
been more safely hatehed and reared. Mr. Ramsay remacks that

Darwin Online: By permission of the Trustees of the Natural History Museurn
iLondony.



214 Instinct of the Cuckoo. Citar, VIIL
Y e T

two of the Australian cuckoos, When they lay 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 o similar instint, but not rarely departs
irom it, as is shown by her laying her dull and pale-coloured eges
in the nest of the Hedge-warbler with bright greenish-blue ezgs. Had
our cuckoo invariably displayed the above instinct, it would assu-
redly have been added to those which it is ssumed must all have
been acquired together. Tho eggs of the Australian Bronze cuckoo
vary, according o Mr. Ramsay, to an extraordinary degree in colour;
5o that in. this respect, s well as in size, natural selection might
‘have secured and fixed any advantageous variation.

In the case of the European cuckoo, the offspring of the foster-
parents are commonly ejected from the nest within three days after
the cuckoo is hatched ; and as the latter at this age is in a most
Telpless condition, Mr. Gould was formerly inclined to believe that
the act of ejection was performed by the foster-parents themselves.
But he has now received a trustworthy account of @ young cuckeo
which was actually seen, whilst still blind and not able even to
Tiold 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 agun
thrown out. With respect to the means by which this strange and
odious instinct was acquired, if it were of great importance for tho
‘young cuckoo, as is probably the case, to eceive as much food as
Tossible soon after birth, I cau 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 aquisition 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 trausmitted to an earlier age. 1 can see no moro
diffioulty in this, than in the unbatched young of other birds ac-
quiring the instinot to break through their own shells ;—or than i
young snakes acquiring in their upper jaws, 1s Owen has remarked,
a transitory sharp tooth for cutting through the tough egg-shell
For if each part s liable to individual variations at all ages, and the
variations tend to be inherited 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 fall together with the whole
theory of natural selection.
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Some species of Molothrus, a widely distinct genus of American
birds, allied to Gur starlings, have parasitic habits like those of the
cuckoo ; and the species present an interesting gradation in the per-
fection of their instinots. The sexes of Molothrus badius are stated
Dy an excellent, observer, Mr. Hudson, sometinies o live promis-
cuously togother in flocks, and sometimes to pair. They either
Duild @ 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
their own eggs and rear their own young; but Mr. Hudson says
it is probable that they are occasionally parasitic, for he has seen
the young of this species following old birds of a distinct kind
and clamouring to be fod by them. The parasitic habits of another
species of Molothrus, the M. bonariensis, are much moro highly
developed than those of the last, but are still far from perfect.

Phis 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
own, placed in singularly ill-adapted situations, as on the leaves
of a large thistle. They never, however, as far as Mr. Hudson
has ascertained, complefe @ nest for themselves. They often lay
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,
which are thus wasted. A third species, the M. pecoris of North
America, has acquired instinets as perfect as those of the cuckoo,
for it never lays more than one egg in  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 instinets of the Molothrus bonariensis that he quotes my
‘words, and asks, “ Must we cosider theso habits, ot as especially
endowed or created instincts, but as small consequences of onc
/ general law, namely, transition ?”

Various birds, as has already been remarked, occasionally lay
their eggs in the nests of other birds. This Labit is mot very

n with the Gallinacew, and throws somo light on. the
singular instinct of the osirich. In this family several heu-birds
unite and lay first a few ezgs in one nest and then in another; and
these are hatched by the wales. This instinct may probubly be
accounted for by the fact of the hens lnying a large aumber of eggs,

]
v
/
.
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Dut, as with the cuckoo, at intervals of two or three days. The
instnct, however, of the American ostrich, as in the case of the Mol.
othrus bonariensis, has ot as yet been perfected ; for a surprising
umber of eggs lie strewed over the plains, so that in one day’y
liunting T picked up no less than twenty lost and wasted egs.

Many bees are parasitic, and regularly lay their eges in the nests
of other kinds of bees. This case is more remarkable than that of
the cuckoo; for these bees have not only hod their instinets but
their structure modified in accordance with their parasitic habits;
for they do not possess the pollen-collecting apparatus which would
Thave been indispensable if they had stored up food for their own
young. Somo species of Sphegidm (wasp-like inseots) are likewiso
Darasitic ; and M. Fabre has lately shown good reason for believing
that, although the Tachytes nigra generally malkes its own burrow
 stores it with paralysed prey for its own larvae, et that, when
this inscct finds a burrow already made and stored by another
sphies, it takes advantage of the prize, and beoomes for the occasion
parasitic. In this case, as with that of the Molothras or cuckoo, T
can see no difficulty in natural selection making an occasional habit.
‘permanent, if of advantage to the species, and if the insect whose
nest and stored food are feloniously approjriated, be not thus exter-
mina

Slave-making instinet,—This remarkable instinct was first dis-
covered in the Formica (Polyerges) rufescens by Pierre Huber,
better bserver even than his celebrated father. ~This ant is abso-
Jutaly dependent on its slaves; without their nid, the species would.
certainly become extinct in a single year, The males and fertile
females do no work of any kind, and the workers or sterile females,
“hough most energetic and courageous in capturing slaves, do no
other work. They are incapable of making their own nests, o of
feeding their own larvie. When the old nest is found inconvenient,
and they have o migrate, it is the slaves which determine the
migration, and actually carry theie masters in their jaws, Soutterly
Tielpless 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 larve and pupe to stimulate them to work, they
did nothing; they could not even feed themselves, and many
of hunger. Huber then introduced a single slave (F. fusca), and she
instantly set to work, fed and saved the survivors ; made some cells
and tended the Jarvas, and put all to rights. What can be more extra
ordinary than theso well-ascertained facts? If we had not known of
any other slave-making aut, it would have been hopeless tospeculate.
hiow so wonderful an instinct could have been perfected.
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Another specics, Formica sanguines, was likewise first discovered
by P. Huber to be o slave-making ant. This species is found in
the southern parts of England, and its habits have been attended
4o by Mr. F. Smith, of the British Museum, to whom I am much
indebted for  information on this and other subjects. - Although
fully trusting to the statements of Huber and Mr. Smith, T tried to
approach the subject in a sceptical framo of mind, as any one may
well be excused for doubting tho existence of so extraordinary an
instinet as that of making slaves. Hence, I will give the observa~
tions which T made, in some littlo detail. I opened fourteen nests
of F. sanguines, and found a few slaves in all. Males and fertile
females of tho slave species (F- fusca) are found only in their own
proper communities, and have never been observed in the nests of
F. sanguinca. The slaves are black and not above half the size
of their red masters, so that the contrast in their appearance is
great. When tho nest is slightly disturbed, the slaves occasionally
como out, and like their masters are much agitated and defend the
nest : when the nest, is much. disturbed, and. the larvo and pupe
aro exposed, the slaves work encrgetically together with their
ers in_carrying them away to a place of safety. Hence, it is
clear, that the slaves feel quite at home. During tho months of
and July, on three successive years, I watched for many hours
several nests in Surrey and Susses, and never saw a slave cither
leave or enter anest.  As, during these months, the slaves arc very
few in number, T thought that they might behave differently when
‘more numerous; but M, Smith informs me that he has watched
the nests at various hours during May, June, and August, both in
Surey and Hampshire, and has never seen the slaves, though
present in largo 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, I came across a community with an unusually
Jarge stock of slaves, and I observed a few slaves mingled with
i masters leaving the nest, and marching along the same road

® a tall Scotch-firtree, twenty-five yards distant, which they
ascended together, probably in search of aphides or cocci. According
to Huber, who had ample opportunities for observation, the slaves
in Switzerland habitually work with their masters in making the
aest, and they alone open and close the doors in the moming 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 Ieing captared in greater numbers in Switzerland
than in England. v ,

One day 1 fortunately 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 jaws
instcad of being carried by them, as in the caso of F. rufescens,
“Another day my attention was struck by about a score of the slave-
inakers haunting the sume spot, and evidontly not in search of
food 3 Luey appronched and were vigorously repulsed by an inde-
pendent community of the slave-species (F. fusca); sometimes as
‘many as threo of these ants clinging to the legs of the slave-making
F. 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 o rear
as slaves. T then dug up & small parcel of the pupe of F. fusca
from another nest, and put them down on a bare spot near the
place of combat ; they were engerly scized and carried off by the
tyrants, who perhaps fancied that, after all they had been victorious
in their late combat.

At the same time T laid on the same place a small parcel of the
pupee of another species, F. flava, with a few of these little yellow
ants still clinging to the fragments of their nest. This species s
sometimes, though rarely, made into slaves, as has been described

Mr. Smith. Although so small a species, it is very courageous,
and 1 have seen it forociously attack other ants. In one instunce
1 found to my surprise an independent community of F. flava
under a stone beneath a nest of the slave-making F. sanguinea;
and when T had accidentally disturbed both nests, the little ants
attacked their big neighbours with surprising courage. Now I was
curious to ascertain whether F. swnguinea could distinguish the
pupe of F. fusea, which they babitually 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 scized the pupe of
F. fusea, whereas they were much terrified when they came across
the pupe, ot even the earth from the nest, of F. flava, and quickly
1an away ; but in about a quarter of an hour, shortly after all the
little yellow ants had crawled away, they took heart and carried
off the pupee.

One evening I visited another community of F. sanguines, and
found a number of these ants returning home and entering thelr
nests, carrying the dead bodies of F. fusca (showing that it was not
a migration) and numerous pupe. 1 traced  long file of ants
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‘Durthened with booty, for about forty yards back, to a very thick
clump of heath, whence I saw the last individual of F. sanguinea
emerge, carrying a pupa; but I was not able to find the desolated
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 one was perched motionless with its
own pupa in its mouth on the top of & spray of heath, an image
of despair over its ravaged home.

Such are the facts, though they did not need confirmation by me,
in regard to the wonderful instinct of making slaves. Let it bo
observed what o contrast tho instinctive habits of F. sanguinca
‘present with those of tho continental F. rufescens. Th latter docs
ot build its own nest, does not determine its own migrations, does
Dot collect food for itself or s young, and cannot even feed itself :
it is absolutely dependent on its numerous slaves. Formica san-
guinea, on the other hand, possesses much fewer slaves, and in the
carly part of the summer extremely few: the masters determine
when and where o new nest shall be formed, and when thoy
‘migrate, the masters carry the slaves. Both in Switzerland and
England the slaves scem to have the exclusive care of the larvar,
and the masters alone go on slave-making expeditions. In Switzer-
land 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. Tn England the masters alone usually
Leave the nest to collect building materials and food for themselves,
their slaves and larvae. 8o that the masters in this country receive
much less service from their slaves than they do in Switzerland.

By what steps the instinct of F. sanguinea originated T will nob
pretend to conjecture. But as ants, which are not slave-makers
will, as I have seen, carry off the pupe of other species, if scattered
near their nests, it is possible that such pupe originally stored as
food might become developed ; and the foreign ants thus uninten-
tionally reared would then follow their proper instincts, and do what
work they could. If their presence proved useful to the species
which had seized them —if it were more advantageous to this
species to capture workers than to procreate them—the habit of
colleeting pupe, originally for food, might by natural selection bo
strengthened and rendered. permanent for the very different purposo
of raising slaves. quired, if carried
sh F. sanguinea,
which, 5 we have scen, is less aided by its slaves than th same
species in Switzerland, natural selection might increase and modify
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the instinct—always supposing each modification o be of use {o the
species—until nnys.nt was formed as abjectly dependent on its
slaves as is the Formica rufescens. -

Cell-malking instinct of the Hive-Beo.—I will mot here enter on
minute details on this subject, but will merely give an outline of
the conclusions at which I bave arrived. He must b6  dull man
who can examine the exquisite structure of a comb, so beautifully
adapted toits ead, without enthusiastic admiration. - We hear from
‘mathematicians that bees have practically solved a recondite pro-
blem, and have made their cells of tho 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 ro-
‘marked that & skilful workman with fitting tools and meas
would find it very difficult to make cells of wax of the true form,
though this is eficoted by & crowd of becs working in a dark hive,
Granting whatever instincts you please, it seems at first quite
inconceivable how they can make all the necessary angles and
planes, or even perceive when they are correctly made, But the
difficulty s not nearly so great as it at first appears: all this
Deautiful work can be shown, I think, to follow from a few simple
instinets.

1 was 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,
be considered only as a modification of his theory. Let us look
to the great principle of gradation, and see whether Nature docs
not 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 wasx, 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
Inyer: each cell, as is well known, is an hexagonal prism, with
the basal edges of its six sides bevelled 50 as to join an inverted
pyramid, of threo rhombs. These rhombs have certain angles,
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
Meclipona domestics, carefully deseribed and figured by Pierro Huber.
"The Melipona tsclf is intermediate in structure between the hive
and humblo bee, but more nearly related to the latter; it forms &
early regolar 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 latter cells aro nearly spherical and of nearly equal
sizes, and are agaregated into an irregular mass.  But the im-
‘portant point to notice is, that these cells ore always made at that
degree of nearness to each other that they would have interseoted
or broken into cach other if the spheres had been completed; but
this is never permitted, the bees building perfectly flat walls of wax
betwween the spheres which thus tend o intersect. Hence, each 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 three other cells, which, from the
spheres being nearly of the same size, is very frequently and neces-
sarily the case, tho threo fiat 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 hive-boe, 5o here, the three plane surfuces 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 fo me that if the Melipona
had made its spheres at some given distance from each other, and
had made them of equal sizes and had arranged them symmetrically
in a double layer, the resulting struoturo would bave 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 & number of equal spheres bo described with their centres
placed in two parallel layers ; with the centre of each sphere at the
distance of radius x &/ 2, 0r radins x 141421 (or at some lesser
distance), from the centres of the six surrounding spheres in the
samo layer; and ab the same distanco from the centres of the ad~
Joining spheres in tho other and parallel laer; then, if planes of
intersection between the several spheres in both layers be formed,
there will result a double layer of hexagonal prisms united together
by pyramidal bases formed of threo rhombs; and the rhombs and
the sides of tho hexagonal prisms will have every anglo identically
the same with the best measurements which have been made of the:
cells of the hivo-beo. But T hear from Prof, Wyman, who has

le numerous careful measurements, that the accuracy of the
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workmanship of the bee has been greatly exaggerated ; 5o much so,
Tt whatevsr the typical form of the cell may be it is Tanly,if
ver, realised. T

S Haa, ‘may safely conclude that, if we could slightly modify
the instincts already possessed by the Melipona, and in themselves
not very wonderful, this bee would make a structure uww‘dmuy
perfect as that of the hive-bee, We must sappose the Melipona o
have the power of forming her cells truly spherical, and. of equal
sizes; and this would not be very surprising, secing that she already
does 50 to a certain extent, and sceing what perfectly cylindrical
burrows may insects make in wood, apparently by turning round
ona fixed point. We must suppose the Melipona to arrange her
cells in level layers, as she already does her cylindrical cells; and
we must forther suppose, and this is the greatest difficulty, that
she can somehow judge accurately at what distance to stand from
her fellow-labourers when soveral are making their sphores; but
she fs already so far enabled to judge of distance, that sho always
doscribes her spheres so as to intersect, to a certain extent; and then
she unites the points of intersection by perfectly flat surfaces, By
such modifications of instincts which in themselves are not very
wonderful,—hardly more wonderful than those which guids a
bird to make its nest,—I believe that tho hive-bee has acquired,
through nataral selection, her inimitable architeotural powers.

But this theory can be tested by experiment. Following the
cxample 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 pifs in it; and as they deepened
these little pits, they made them wider and wider until they wers
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 1o
excavate these basins near together, they had begun their work at
such a distance from each other, that by the time the basins
acquired the above-stated width (i . about the width of an ordinary
cell), and were in depth about one sixth of the diameter of the
sphere of which they formed a part, the rims of the hasinsin
o broke into each other. - As soon as this occurred, the bees ceased
to excavate, and began to build up fiat walls of wax on the lines of
intersection between the basins, so- that each hexagonal prism was
built upon the sealloped edge of a smooth busin, instead of on the
straight. edgesof  threesided pyramid s in the caso of ordiary
cells,

T then put into the hive, instead of a thick, rectangular piece of
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wax, a thin and narrow, knife-edged ridze, coloured with vermilion.
Die bees nstantly began on both sides to excavate littlo basing
Jiear to cach other, in the same way as before; but the ridge of wax
a8 80 thin, that the bottoms of the basins, if they had been exca-
vated > the same depth. s in the former experiment, would have
broken into each other from the opposite sides. The bees, however,
did ot suffr this to bappen, and they stopped. their excavations in
due time; 5o that the basins, as soon as they bad been a little
deepened,

‘came to have fiat bases; and these flat bases, formed by
thin little plates of the vermilion wax left ungnawed, were situated,
a8 far as the eye could judge, exactly along the planes of imaginary
intersection between the basins on the opposite sides of the ridge
of was. In some parts, only small portions, in other parts, large
portions of a rhombic plate were thus left between the opposed
basins, but the work, from the unmatural state of things, had not
been neatly performed. The bees must have worked at very
mearly the same rato in circularly guawing away and decpening
the basins on both sides of the ridge of vermilion wax, in order to
have thus sucoceded in leaving flab plates between the basins, by
stopping work at the planes of intersection.

idering how flexible thin wax is, I do not seo that there is
any difficulty in the bees, whilst at work on the two sides of a strip
of was, perceiving when they have guawed the wax away to the
proper thinness, and then stopping their work. In ordinary combs
it has appeared to me that the bees do not always sucoeed in work-
ing at exactly the same rate from the opposite sides; for I have
noticed half-<ompleted rhombs at the base of a just-commenced cell,
which were slightly concave on one side, where 1 suppose that the
bees had excavated. too quickly, and convex on the opposed. side
where the bees had worked less quickly. In one well marked
instance, I put the comb back into the hive, and allowed. the bees
10 0 on warking for a short time, and again examined the cell, and
1 found that the rhombic plate had been completed, and had become
perfeelly fat: it was absolutely impossible, from the extreme thin-
ness of the little plate, that they could have effected this by gnawing
away the convex side; and 1 suspect that the bees in such cases
staud on. opposite sides and push and bend the ductile and warm
wax (which as T have tried is easily done) into its proper inter-
mediate plane, and thus flatten it.

From the experiment of the ridge of vermilion wax wo can see
that, if the bees wero to build for themselves a thin wall of wax,
they could make their cells of the proper shape, by standing at the
proper distance from. cach other, by excavating at the same Tate,
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and by endeavouring to make equal spherical hollows, but never
lowing the spheres to break into cach other. Now bees, as may
bo clearly scen by examining the edge of a growing comb, do make
a rough, ciroumferential wall or rim all round the comb; and they
zua this away from the opposit sides, always working circularly
‘s they decpen each cell. They do not make the whole thressided
pyramidal baso of any one cell at the sume time, but only that
‘ono rhombic plate which stands on the extreme growing margin, or
the two plates, as the case may be; and they never complete tho
upper edges of the rhombic plates, until the hexagonal walls aro
commenced. Some of these statements differ from thoso made by
the justly celebrated elder Huber, but I am convinced of their
accuracy; and if T had space, I could show that they are conformabla
with my theory.

‘Huber's statement, that the very first cell is excavated out of a
little parallel-sided wall of wax, is not, as far as 1 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; but 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 plane
of intersection between two adjoining spheres. T have several spe-
cimens showing clearly that they can do this. Even in the rude
cireumferential rim or wall of wax round a growing comb, flexures
may sometimes be observed, corresponding in position to the planes
of the thombic basal plates of future cells. But the rough wall of
wax has in every caso to be finished off, by being largely gnawed
away on both sides. The manner in which the bees build is
carious; they always make the first rongh wall from ten to twenty
times thicker than the excessively thin finished wall of the cell,
which will ultimately be left. We shall understand how they
work, by supposing masons first to pile up a broad ridge of cement,
and then to begin cutting it away equally on both sides near the
ground, till a smooth, very thin wall is left in the middle; the
masons always piling up the cut-away cement, and adding fresh
cement on the summit of the ridge. We shall thus have a thin

coping. From all the cells, both those just commenced and thoss
completed, being thus crowned by a strong coping of wasx, the bees.
can cluster and crawl over the comb without injuring the delicato
hexagonal walls. Theso walls, as Professor Miller has kindly ascer-
tained for me, vary greatly in thickness; being, on an average of
twelvo measurements made near the border of the comb, vy of 88
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inch in thickness ; whereas the basal rhomboidal plates are thicker,
nearly in the proportion of three to two, having a mean thickness,
from twenty-one measurements, of k5 of an inch. By tho above
singular manner of building, strength i continually given to the
comb, with the utmost ultimate economy of wax.

1t seems at first to add to the difficulty of understanding how
the cells are made, that a multitude of beos all worl together; one
‘bee after working a short time at one cell going to another, so that,
as Huber has stated, a scoro of individuals work even at the com-
‘mencement of the first cell. 1was 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 dolicately as a painter could have dono it with his brush
—by atoms of the coloured wax having boen faken from the spot
on which it had been placed, and worked into the growing cdges of
the cells all round. The work of construction secms to be a sort.
of balance struck between many bees, all instinctively standing at
the same relative distance from each other, all trying to sweep equal
spheres, and then building up, or leaving unguaswed, the plancs of
intersection between these spheres, Tt was really ourious to note
in cases of difficulty, as when two pieces of comb met at an angle,
how often. the beos would. pull down and rebuild in different ways
the same cell, sometimes recurring to a shape which they bad 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 & comb growing downwards, <o that
the comb has to be built over one face of the slip—in this caso the
bees can lny 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
relative distances from each other and from the walls of the last
completed cells, and then, by striking imaginary spheres, they can
build up & wall intermediate between two adjoining spheres ; but,
as far as I have scen, they never gnaw away and finish off the
angles of  cell till a laree part both of that eell and of the adjoin-
ing cells has been built, This capacity in bees of laying down
under certain eircumstances a rough wall in its proper placo 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 sometitnes 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 & queen-wasp) making hexagoual cells, if she were to
work alternately on the inside and outside of two o three 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. ’

As natural selection acts only by the accumulation of sligh
‘modifications of structure or instinet, each profitable to the indi-
vidual under its conditions of lfe, it may reasonably be asked, how
a long and graduated succession of modified architectural instinots,
all tending towards the present. perfect plan of construction, could
have profited the progenitars of tho hive-bee? I think the answer
is not difficult  cells constructed like those of the bee or the wasp
gain in strength, and save much in labour and space, and 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 got
sufficient neetar, and T am informed by Mr. Tegetmeier that it has
Teen 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 fiuid nectar must
e collected and consumed by the bees in a 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 indispensable to
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
eing supported. Hence the saving of wax by largely saving honey
and the time consumed in collecting the honey must be an im
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, ot
parasites, or on quite distinct causes, and %o be altogether inde-
pendent of tho quantity of honey which the bees can collect, But
let us suppose that this latter circumstance determined, as it pro-
bably often has determined, whether a bee allied to our humble
bees could exist in large numbers in any country; and let us
further suppose that the community lived through the winter, and
consequently required a storc of honey : there can in this case bo
o doubt that it would be an advantage to our imaginary humble-
bee, if o slight modification in her instincts led her to make her
‘waxen cells near together, 5o as to intersect a little; for o wall in
common even to two adjoining cells would save some little labour
and wax. Hence it would continually be more and more advau
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tageous to aur 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 3 for in this case a large part of the
‘Tounding surface of each cell would serve to bound the adjoining
ells, and much labour and wax would be saved. ~Again, from the
same cause, it would be advantageous to the Melipons, if she were
o make her cells closer together, and more regular 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.

.yond this stago of perfection in architecture, natural selection
could not lead ; for the comb of the hive-bee, as far as we can see,
is absolutely perfoct in economising labour and wax.

Thus, as T believe, the most wonderful of all known instincts,
that of the hive-bee, can be explained by natural selection having
taken advantage of numerous, successive, slight modifications of
simpler instincts; natural selection having, by slow degrees, mare
and moro perfeotly led the becs 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
course, 1o more knowing that they swept. their spheres at one par-
ticalar 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 selection having
‘been the construction of cells of due strength and of the proper
sizo and. shape for the larve, this being effccted 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 turn will have had the best chance of succeeding in
the struggle for existence.

Objections to the Theory of Natural Selection as applied to Tnstincts :
Jeuter and Sterile Insects.

Tt has been objected to the foregoing view of theorigin of instincte
that “ the variations of structure and of instinct must have been
simultaneous and accurately adjusted to each other, as a modifica~
tion in the one without an immediate corresponding change in the
other would have boen fatal.” The force of this objection rests
entirely on. the assumption that the changes in the instinets and
structure are abrupt. To take as an illustration the caso of the
larger titmouse (Parus major) alluded to in a previous chapter:

Q2
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this bind often holds the seods of the yew between its feot on a
branch, and hammers with its beak till it gets at the kemel. Now
what special difficulty would there bo in natural seleotion preserving
all tho slight individual variations in the shapo of the beak, which
wero better and better adapted to break open the seeds, until &
beak was formed, as well constructed for this purpose as that of
tho nuthatch, at the same time that habit, or compulsion, or spon-
{ancous variations of taste, led the bird to become more and more
of a seed-eater? In this caso the beak is supposed to be slowly
modified by natural selection, subsequently to, but in accordance
with, slowly changing habits or tasto; but let the feot of the tit-
mouse vary and grow larger from correlation with the beak, or
from any other unknown canse, and it is not improbable that such
larger feet would lead the bird to climb more and more until it
acquired tho remarkable climbing instinct and power of the nut-
hatch. In this case a gradual change of structure is supposed to
lead to changed instinctive habits. 0 ono more case: fow
iustincts are more remarkable than that which leads the swift of
the Eastern Islands to make its nest wholly of inspissated saliva,

2#4/.4r. Some birds build their nests of mud, believed to Be moistened with
it iva ; and one of the swifts of North America makes its nest (as

saliv
1 have scen) of sticks agglutinated with saliva, and cven with flakes
of this substance. Is it then very improbable that the naturl
selection of individual swifts, which secreted more and moro 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 5o in other cases. It must, however, be admilted
that in many instances we cannot conjectura whether it was instinct
or structure which first varied.

o doubt many instinets of very difficult explanation could lo
opposed to the theory of natural selection—cases, in which wo can-
not seo how an instinct could have originated; cases, in which 1o
intermediate gradations are known to exist ; cases of instinct of
such trifiing importance, that they could hardly have been acted on
by natural selection ; cases of instincts almost identieally the same
in animals 50 remote in the scalo of nature, that we cannot account
for their similarity by inheritance from a common progenitor, and
consequently must believe that they were independently acquired
through natural selection. I will not here enter on these several
cases, but will confine myself o one special difficulty, which at first
appeared to me insuperable, and actually fatal to the whole theory-
1 T alludo to the penters or sterile females in insect-communities

for these neuters often differ widely in instinet and in structurs
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from both the males and fertile females, and yet, from being sterile,
they cannot propagate their kind.

The subject well deserves to be discussed at great length, but T
will hore fake only  singls case, that of working or sterile ants.
How the workers huve been rendered sterle is a difficulty ; but not
‘mich 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 insects bad boen social, a0d it had been profitable 1o the com-
munity that a number should have been annually born capable of
work, but incapable of procteation, T can seo 1o espeial dificulty
in this having been effccted through natural selection. But T must
pass over. this preliminary diffeuity. The great diffeulty lies in
the working ants diflering widely from both the males and tho
fertile females in structure, as in the shape of the thorax, and in
] and sometimes of eyes, and in instinct.
far as instinct alono is concerned, the wonderfal difference in
b Tespect between the workers and the perfect females, 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
een bom with slight profitable modifications, which were inheritod.
by the offspring; and that these again varied and again wero
ed, and o onwards, But with the working ant we have an
insect differing greatly from its parents, yet absolutely sterilo; so
that it cold never have transmitied suceessively acquired moifca-
tions of structure or instinct to its progeny. 1t may well be asked
how i it possibl to reconcle this caso with the theory of natursl
selection?

Tirst, let it be remembered that wo 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-
lated not only with one sex, but with that short period when the
reproductive system is active, as in the nuptial plumage of many
birds, and in the hooked jaws of the male salmon. We have even
slight difforences in the horns of different breeds of cattlo in rela-
tion to an. astificially jmperfect state of the male sex; for oxen of
certain brecds have longer homs thun the oxen of other breeds,
relatively to the length of the horns in both the bulls and cows of
these samo breeds. Hence I can see no great difficulty ir any
eharacter becoming correlated with tho sterile condition of certai
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‘members of § es : the difficulty lies in -
how such correlated modifications of structure could have been
slowly accumulated by natural selection. ¢

This difficulty, though appearing insuperable, is lessened, or, as
1 believe, disappears, when it is remembered that selection may be
applied to the family, as woll as to the individual, and may thus
guin tho desired end.  Breeders of cattlo wish the flesh and fat to.
o well marbled together : an animal thus chamcterised has been
slaughtered, but the breeder has gone with confidence to the same
stock and has succeeded. Such faith may be placed in the power
of selection, that a breed of catle, always yielding oxen with extra~
ondinarily long horns, could, it is probable, be formed by carefully
watching 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 botter and real illustration : accord-
ing to M. Verlot, some varicties of the double aunual Stock from
having been long and carcfully 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 fertile male and female ants, and tho
doublo sterile plants with the neuters of the same community,
As with the varieties of the stock, so With social insects, selection
bas been applicd to the family, and not to the individual, for the
sake of guining a serviceable end. Hence we may conclude that
slight modifications of struture or of instinct, correlated with tho
sterilo condition of certain members of the community, have proved.
advantageous : consequently the fertile males and females have
flourished, and transmitted to their fertile offspring a tendency to
produco sterile members with the same modifications. This pro-
cess must have been repeated many times, until that prodigions
amount of difference between the fertilo and sterile fomales of the
samo species has been produced, which we seo in many social
insects.

Bat wo have not as yot touched on the climax of the dificulty;
Damely, the fuct that the neuters of several ants differ, not only
from the fertle fomales aud males, but from each other, sometimes
toan almost incrediblo degree, and are thus divided into fwo or even
three castes. Tho castes, moreover, do ot commonly graduste
into each other, but are perfectly well defined ; being e distinct
from each other as are any two species of tho same gens, or rather
38 any two gonera of the same family. Thus in Eciton, thoro
working and soldier neuters, with jaws and instinets extrordinarily
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different: in Cryptocerus, the workers of one caste alono carry a
wonderful sort of shield on their heads, the use of which is quite

caste, and. they have an enormously developed abdomen which
sccretes a sort. of honey, supplying the place of that exereted by tho
aphides, or the domestic caitle 4 they may b called, which our
European ants guard and imprison.

Tt will indeed be thought that I have an overweening confidenco
in the principle of natural selection, when I do not admit that
such wonderful and well-established facts a¢ once annihilate the
theory, In the simpler caso of neuter insects all of one caste,
which, as T beliove, have been. rendered different from the fertilo
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 samo
nest, but in somo few alone; and that by the survival of the
communities with females which produced most neuters having
the advantageons modification, all the neuters ultimately came to
be thus characterised. According to this view we ought occasion=
ally to find in the same nest neuter insects, presenting gradations
of structure ; and this we do find, even not rarely, considering how
few neuter insects out of Europe have been carefully examined.
Mr. X', Smith has shown that the neuters of several British ants
differ surprisingly from each other in size and sometimes in colour

that the extreme forms can be linked together 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 intermediate size

a
workers, with somo fow of intermediate size; and, in this specios,
as Mr. I Smith has observed, the larger workers have simple eyes
(ocelli), which though small can be plainly distinguished, whereas
the smaller workers have their ocelli rudimentary. = Having
carcfully 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 havo two bodics 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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‘mediate condition. I may digress by adding, that if the smaller
workers had been the most useful to the community, and thoss
males and females had been continually selected, which produced
more and more of the smaller workers, until all the workers wers
in this condition ; we should then have had a species of ant with
meuters 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 oceli.

T may give one other case : so confidently did I expect ocoasion-
ally to find gradations of important structures betwecn the differens
castes of neuters in the same species, that I gladly availed myself
of Mr, F. Smith's offer of numerous specimens from the sme
nest of the driver ant (Anomma) of West Africa. The reader will
perhaps best appreciate the amount of difference in these workers,
by my giving not the actual measurements, but a striotly accurate
illustrati e difference was tho sume a5 if we were to seo 8 st
of workmen building a house, of whom many were five fect four
inches high, and many sixteen fect high; but we must in addition
suppose that the larger workmen had heads four instead of three

s a8 big a5 those of the smaller men, and jaws nearly five
as Lig. The jaws, morcover, of the working ants of the
Rareh saie oA ot b shape, and in the form and
number of the teeth. But the important fact for us is, that,
u.om the workers ean be grouped into castes of different sizes,
hey graduate insensibly into each other, as docs the widely-
il seactuns of ks jaws. 1 speak confidently on this
Iatter point, as Sir J. Lubbock made drawings for me, with the
camera lucida, of the jaws which T dissected from the workers of
the several sizes. Mr. Bates, in his interesting ¢ Naturalist on the
Amazons, has described analogons cascs

With these fucts before me, I believe that natural selection, by
acting on the fertilo ants or parents, could form a species which
should regularly produce neuters, all of large size with one form.
of Jaw, or all of small sizo with widely different jaws; or lasly,
and this is the climax of difficulty, one set of workers of one sizo
and structure, and simultancously another set of workers of a dif-
ferent size and structure;—a graduated series having first been
formed, as in_the case of the driver ant, and then the extreme
forms having been produced in greater and greater numbers, th
the survival of the parents which generated them, until none with
an intermediate structure were produced,

An analogous explanation has been given by Mr, Wallace, of
the equally complex case, of certain thun Butterflies rogularly
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under two or even three distinet female forms; and by
Fritz Milller, of certain Brazilian erustaceans likewise appearing
under two widely distinet male forms. But this subject need not,
here be discussed.

1 have now explained how, as T believe, the wonderful fact of
two distinctly defined castes of sterile workers existing in the
same nest, both widely different, from each other and from. their
parents, has originated. We can sco how useful their production
niay bave 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 warks 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 in 5o high a dogree, had not the case of these neuter
inscots led me to this conclusion. I have, therefore, discussed this
case, at some littlo 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 bo followed, could not
possibly affect the males and fertile females, which alone leave
descendants. 1 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 [ have attempted. to show
that instints vary slightly in a state of nature. No one will dis-
pute that instincs are of tho highest importance to each animal.
“Therefore thero is no real diffculty, under changing conditions o life,
in natural selection accumulating fo any extent slight idiations
ofinstinet which aro n any way uscfol - In many cases Labit

e and disuse have probably come into p]ny 1 do not pmcna
that ho fact given o this chapter strengthen in any great degrec
my theory s but none of the cases of difioulty, o dne best of my
judgment, annihilate it. On the other hand, the fact that instincts
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absolutely perfect and are liable to mistakes i—that

tint can be shown to have been produced for the good of
other animals, though animals take advatage of the Snsticty of
others j—that the canon in natural history, of “Natura non ficit

s lhmry is also strengthened by some fow other facts in
regard to instincts; as by that common case of closely allied, but
distinct, spocies, when inhabiting distant parts of the world
lvig under consdesly diflsent conitons of 1, ot ofen
rotaining pearly the sume instincts. For instance, we can under-
stand, on the principle of inheritance, how it is that Ahe (hmlh of
lines its nest with mud, in the same peculiar
ritish thrush ; how it is that the Honbills of
Africa and Tndia have the same exluonllm\ry instinet of plastering
up and imprisoning the females in a holo in a tree, with only &
small holo left in the plaster through which the males feed them
and their young when hatched ; how it is that the male wrens
(Troglodytes) of North America build “ cock-nests,” to roost in,
like the malos 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 1o look at such
instinots as the young cuckoo cjecting its foster-brothers,—ants
‘making slaves,—the larvo of ichneumonida feeding within the
live bodies of caterpillars,—not ns specially endowed or created
instinots, but as small consequences of one general lay leading to
the advancement of all organio beings,—namely, multiply, vary,
ot the strongest live and tho weakest die.
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CHAPTER IX.

Hysmipisy.

Distinction betuween the sterility of first crosses and of hybrids—Sterility
various in degree, not universal, afected by close interbreeding, re.

ve ‘governing the sterility of hybri

but incidental on other differencs,
fon—Causes of the sterility of first

Fertility of vari
universal — Hybrids and mongrels compared independently of their
fortlity — Summary.

Te view commonly entertained by naturalists is that species, when
intererossed, have been specially endowed with sterility, in order to
prevent their confusion. This view cortainly seems at first highly
‘probable, for species living together could hardly have been kept
distinet had they been capablo of freely crossing. The subject is
in many ways important for us, more especially as tho sterility of
pecies when first crossed, and that of their hybrid offspring, cannot
have been acquired, as 1 shall show, by the presorvation of suc-
cessive profitable. degrees of sterility. 1t is an incidental result of
differences in the reproductive systems of the parent-specics.

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

Pure species have of course their organs of reproduction in a per-
fect condition, yet when intercrossed they produce either few or no
offspring. Hybrids, on the other hand, have their reproductive
organs fanctionally impotent, as may be clearly seen in the state of
the male element in both plants and animals; though the formative
organs themselves are perfect in structure, as far as the microscope
reveals. Tn the first case the two sexual elements which go to form
the embryo are perfect ; in the second case they are either not at all
developed, or are imperfeotly developed. This distinction is im=
portant, when the cause of the steriity, which is common to the
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£wo cases, has to be considered. The distinction probably has been
slurred over, owing to the sterility in_ both cases being looked on ag
2 special endowment, beyond the province of our reasoning powers,

“The fertilty of varicties, that is of the forms known or beleved
1o bo desoended from common parents, when crossed, and likewiso
the fertility of their mongrel offspring, is, With referenco o oy
theory, of equal importance with the sterility of species; for it
s tomakon broad and clear distinction between e and
spec

" Degress of Sterlity,—Tirst, for the strlity of species when
crossed and of their hybrid offspring. i iwpossible to study the
several memoirs and works of those wo conscientious and admirsbl
observers, Kolreuter and Girtner, who almost devoted their lives to
this subject, without being deeply impressed with tho high gene-
Tality of some degree of sterility. Kolreuter makes the ruls
universal ; but then he cuts the knot, for in ten cases in which he
found two_forms, considered by most. authors as distinct s
quite fertile together, he unhesitatingly ranks them as varicties.
Giirtner, also, makes the rule equally universal; and ho disputes
the entire fertility of Kolreuter's ten cases. But in these and in
many other cases, Girtner is obliged carefully to count the seods,
in order to show that there is any degree of sterility. He alvays
compares the maximum number of sceds produced by two species
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, ad, what s
often more important, must be secluded in order to prevent pollen
eing brought o it by insects from other plants. Nearly all the

iese processes are often injurios
the fertility of a plant caunot be doubted ; for Gartuer givesin his
table about @ score of cases of plants which he castrated, and
artificially fertilised with their own. pollen, and (excluding all eiss
such as the Leguminos, in which there is an acknowledged di
ulty in the manipulation) half of these twenty plants had theit
fertility in some degree impaired. . Morcover, as Giirtner e
crossed. some forms, mh a3 the common red and blue pimperacls
(Ana; erulea), which the best botanists rank 85
varicties, and found :m-m absolutely sterile, we may doubt whether
many species are really so sterile, when intercrossed, as he believed:
It is certain, on the one hand, that the sterility of vatious
when crossed is so different in degree and graduates away so i

S
g
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sensibly, and, on the other hand, that the furtility of pure species
is 80 casily affected by various cirewmstances, that for all practical
‘purposes it is most difficult to say where perfect fertility ends and,
sterility begins. . I think no better evidence of this can be required
than that the two most experienced observers who have ever lived,
namely Kolreuter and Girtner, arrived at diametrically opposite
conclusions in regard to some of the very same forms. It is also
‘most instructive to compare—but I have not space here to enter on
details—the evidence advanced by our best botanists on the question
whether certain doubtful forms should bo ranked as specios or
varictios, with tho evidenco from fertility adduced by different
bybridisers, or by the same observer from experiments made during
different years. It can thus be shown that neither sterility nor
feliy uford sny cxtain isticton bebveen spcies s vaicie
The evidence from this source graduates away, and is doubtful in
R B & G o o i oastibutons)
and structural differences.

sgard to the sterility of hybrids in successivo gencrations ;
though Giirtner was enabled to rear some hybrids, carefully guard-
ing them from a cross with either pure parent, for six or soven, and
i one case for ten generations, yet he asserts positively that their
fertility never increases, but generally decreases greatly and sud-
denly.” With respect to this decrease, it may first bo noticed that
when any deviation in structure or constitution is common to both
pareats, this is often transmitted in an augmented degree to tho
offspring; and both sexual elements in hybrid plants are already
affected in somo degree. But I believe that their fertility has been
diminished in nearly all theso cases by an independent causo,
namely, by too close interbreeding. I have made so many experi-
ments and collected 50 many facts, showing on the one haod that
an oceasional cross with a distinct individual or variety increases
the vigour and fertility of the offspring, and on the other band that
very closs interbreeding lessens their vigour and fertility, that T
cannot doubt the correctness of this conclusion, ~ Hybrids aro seldonx
raised by experimentalists in great numbers; and as the parent-
specics, o other allied hybrids, generally grow in the same garden,
the visits of insects must bo carefully prevented during the flowering:
season: hence hybrids, if left to themselves, will generally be
fertilised during each generation by pollen from the same flower ;
and this would probably be injurious to their fortlity, already
lossoned by their hybrid origin. I am g this con-
viction by a remarkable statement repeatedly made by Girtne
namely, that if even the less fortile hybrids be nrlxﬂcmlly fertlised
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with ybrid pllen of the same kind, their fertlity, notwithstanding

the frequent ill cffects from manipulation, sometimes decidedly

incresss, a1 gous on Inresing.  Now, . the proes of artiial

fortlisation, pollen is as often taken by chance (as I kuow from my

own experience) from the anthers of another flower, as from the
anthers of the flower itsel which is to be fertilised; so that a cross
Tetaveen two flowers, though probably often on the sume plant,
would be thus cffccted. Moreover, whenever complicated cxperi-
‘ments are in progress, so careful an observer as Giirtner would bave
crsmtad e by nd {1 would e o ed in each genern-
tion & cross with pollen from a distinct flower, cither 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 genera-
tions of artificially fertilised hybrids, in contrast with those
spontaneously self-fertilised, may, as I believe, be accounted for by
100 closo 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
as emphatic in his conclusion that some hybrids are perfectly fertile
—as fertile as the pure parent-species—as are Kolreuter and Girtner
that some degree of sterility between distinct species is & universsl
-aw of nature, Ho experimented on some of the very same species
s did Girtner. The difference in their results may, I think, bein
‘part accounted for by Herbert's great horticultural skill, and by his
having hot-houses at his command. Of his many important state-
ments T will here give only a single one as an example, namely,
that “every ovule in a pod of Crinum capense fortlized by C.
revolutum produced a. plant, which T never saw to occur in o case
of its natural fecundation.” So that here we have perfect or even
more than commonly perfect fertility, in  first cross between two
distinet species.

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

, namely, that individual plants of certain species of Lobelia, Ver-
Tascum and Passiflora, can easily be fortilised by pollen from &
distint specics, but not by pollen from the samo plant, though this
pollen can bo proved o be pfetly sound by fetilsing oher - plants
or species. In the genus Hippeastrum, in Corydalis as shown by
Profesoe Hildebru, sa-vacons ores ss o, by Mr. Scott and
Fritz Miller, all the individuals are in this peouliar condition. S0
that with some species, certain abnormal individuals, and in other
specics all tho individuals, can_actually be hybridised much mere
readily than they can be fertilised. by pollen from the same individual
lant] To give one instance, a bulb of Hippeastrum aulicum pro-
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duced four fowers; three were fertilised by Herbert with their own
pollen, and the fourth was subsequently fertlised by the pollen of
a compound hybrid descended from threo distinet speoies: tho
yesult was that “ the ovaries of the threo first flowers soon ceased to
“grow, and after a fow days perished entirely, whereas the pod
“impregnated by the pollen of the hybrid made vigorous growth
] ‘maturity, and bore good sced, which vege-
ey M, Herbert trod imilar xperiments during many

e e e ) T it
‘on what slight and mysterions causes the lesser or greater fertility
of  species sometimes dopends.

The practical experiments of horticulturiss, thongh not mado
with scientific precision, deserve some notice. 1t is notorious in
Tiow complicated & manner the species of Pelargonium, Fuchsia,
Culoslari, Petuaia, Bhododoadson, &, bave been crosed, yob
many of these hybrids seed freely. For instance, Herbert asserts
that a hybrid from Calceolaria integrifolia and plantaginea, species
most widely dissimilar in general habit, *reproduces itself as per-
fectly as if it had been a natural species from the mountains of
Chili” 1 have taken some pains to ascertain the degree of fuilty
of some of the complex crosses of Rhododendrons, and T am
¢hat many of them are perfectly fertile. Mr. . Noble, for |ru<(.|ncc.
informs me that e raises stocks for grafting from a hybrid between
Rhod. ponticam and catawbiense, and that this hybrid * seeds as
frecly as it is possiblo to imagine” Had hybrids, when fairly
treated, always gono on decreasing in fertility in each sucoessivo
generation, as Girtner belicved to be the case, the fact would have
been notorious to nursery-men. ~ Horticulturists raiso large beds of
the sune hybrid, and such alone aro fairly treated, for by inseot
agency the several i allowed to cross freely with each
oer and the ffurous inlsnce o clow ntebreding i s
prevented.  Any one may readily convince himself of the eficiency
DL 0 s et 0 ovees of the miosiertls Finid
of hybrid Rhododendrons, which produce no pollen, for he will
find on their stigmas plenty of pollen brought from other flowers.

In regard to animals, much fewer experiments have been caro-
fully tried than with plants. 1f our systematic arrangements can
be trusted, that i, if the gencra of aniimals are as distinct from each
other as are the genera of plants, then we may infer that animals
more widely distinct in the scale of nature can be crossed more
casily than i tho case of plants; but the hybrids themselves are,
1 think, more sterile, 1t should, however, bo borne in mind that,
aving to few animals breeding freely under confinement, few

&
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experiments have been fairly tried: for instance, the canary-bird
Tas been crossed with nine distinct species of finches, but, as nop
one of these breeds frecly in confinement, we have no right to
expeet that the first crosses between them and the canary, or tha
their hybrids, should be perfectly fertile. ~Again, with respect to
the fertility in successive generations of the moro fertile hybrid
animals, T hardly know of an instance in which two families of the
same hybrid bave been raised at the same time from differens
parents, 50 as to avoid the ill effects of close interbreeding. On the
contrary, brothers and sisters have usually been crossed in cach
successive gooeration, 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-authenticsted
cases of perfectly fertile hybrid animals, I 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 genrations. It has lately been asserted that tuvo such
distinct species as the hare and rabbit, when they can be got to
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
different that they are generally ranked in distinct genera, have
often bred in this country with either pure parent, and in ono
singlo instanco they have bred dner se. This was effected by
Mr. Eyton, who raised two hybrids from the same parents, lu
from different hatches ; and from these two birds ho raised no less
than eight hybrids (zrandchildren of the pure geese) from one nest.
In India, however, these cross-bred geeso must be far more fertile;
for I am assured by two eminently capablo judges, namely Mr.
Blyth and Capt. Hutton, that whole flocks of these crossed geese
are Kept in various parts of the country ; and as they aro kept f0r
‘profit, where neither pure parent-species exists, they must certainly
be highly or perfectly fortilo.

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 conelud®
either that the aboriginal parent-specics at first produced periectly
fertile hybrids, or that the hybrids subsequently reared under
domestication became quite fertile. This latter alternative, which
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vwas first propounded by Pallas, scoms by far the most probable, and
can, indeed, bardly be doubted. It is, for instance, almost certain
¢hat our dogs are descended from several wild stooks 5 yet, 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 fertilo hybrids.
So again T have lately acquired decisive evidence that th

crossed offspring from tho Indian humped and common cattlo are
dnter s¢ perfectly fertile; and from the observations by Riitimoyer
on their important osteological differonces, as well as from thoso
Ty M. Blyth on their differences in habits, voice, constitution, &c.,
these two forms must bo regarded as good and distinct specios.
The same remarks may be extended to the two chief races of
the pig. We must, thercfore, either give up the belief of the
wuniversal sterility of specics when crossed; or wo must look at
this sterility in animals, not as an indelible characteristic, but
-as one capablo of peing 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 extremoly
general result; but that it cannot, under our present stato of
knowledge, be considered as absolutely universal.

Laws governing the Sterdlity of first Crosses and of Hybrids.
We will now consider a little more in detail the laws governing
the sterility of first crosses and of hybrids. Our chief object will
e to see 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-
fowing conclusions are drawn up chiefly from Girtner'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
been surprised to find how generally the same rules apply to both

kingdoms.
It hns been already remarked, that the dogree of fertlity, both
first, crosses and of hybrids, graduates from zero to perfect
fertility. It is 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 s placed
on the stigma of a plant of a distinot family, it exerts no more
influence than so much inorganic dust. From this absolute zero of

=
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v, the pollen of different species applied to the stigma of
some one species of the same genus, yields a perfect gradation in
the n\mlbvr of seeds produced, up to nearly complete or even quite
nmnplcus ferility ; and, as we hiave seen, i certain abnormal cses,
ven to an excess of fertility, beyond that which the plant’s "
llen produces, So in hybrids themsclves, there aro somo
nover have produced, and probably never would produce, even mm
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 early
withering of the flower is well known to be a sign of incipient
ertilisation. From this extreme degree of sterility wo have sclf-
fortilised hybrids producing o greater and greater number of seads
up to perfect fertility.

Tho hybrids raised from two species which are very difficult
4o cross, and which rarely produce any offspring, are generally very
sterile ; but the parallelism between the dificulty of making a first
cross, and the sterility of the hybrids thus produced—two classes of
facts' which are generally confounded together—is by no means.
strict. _There are many cases, in which two pure species, as in the
genus Verbascum, can be united with unusual facility, and produce
‘numerous hybrid-offspring, yet these hybrids are remarkably sterile.
On tho other haud, thero are species which can be crossed very
rarely, or with extreme diffioulty, but the hybrids, when at last

v its of the ssmo

P
‘genus, for instance in Dianthus, these two opposite cases oceur.

The fertility, both of first crosses and of hybrids, is moro m\ly
affected by unfavourable conditions, than is that of p i
Bab £hp Reblty o drt, crossca 32 owine tcspiely SPGB e
it is not always the same in degreo when the same two specics aro-
crossed under the same circumstances it depends in part upon tho
constitution of the individuals which happen to have been chosen
for tho experiment. So it is with hybrids, for their degreo of
fertility is often found to differ greatly in the several individuals
raised from sced out of the same capsule and exposed to the samo
conditions.

By the term systematic afinity is meant, the general resemblance:
Detween species in structure and constitution. Now the fertility of
first crosses, and of the hybrids produced from them, is largely
govemed by their systematlo afnity. This is clorly’shaw by
hybrids nover having been raised between species ranked by sy
tematists in distinct families; and on the other hand, by very
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closely allied species gencrally uniting with fucility. But the
correspondenco betuween systematio affinity and the facility of
crossing s 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 bo a genus, as Dianthus, in which very many species can most
readily bo crossed ; and another genus, as Silene, in which the most
persovering efforts have failed to produce between extremely close
species a singlo hybrid. Even within the limits of the same gonus,
‘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
t0 be fertilised by no less than cight other specics of Nicotians.
Many analogons fucts could 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

fes crossi n be most widely di
labit and genoral 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 caso,
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 have been” reciprocally crosed, There is often the widest
possible difference in the facility of making reciprocal crosses.
Such cases are highly important, for they prove that the capacity
in any two speci oss is often completely independent of their
systematic affinity, that is of any difference in their structure
or constitution, excepting in their reproductive systems. Tho
diversity of the result in reciprocal crosses between the same two
species was long ago observed by Kolreuter. To give an instance
Mirabilis jalapa can easily be fertilised by the pollen of M. longi-
dlora, and ‘the hybrids thus produced are sufficiently fertilo; but
Klreuter 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
52
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facility in making reciprocal crosses s extremely common in a
lesser degree. o has observed it oven between closely related
forms (as Matthiola annua and glabra) which many botanists rankc
only as varieties. It isalso a remarkable fact, that hybrids raised
from reciprocal crosses, though of course compounded of the vary
same fwo species, the one specics having first been used as the
father and then as the mother, though they rarely differ in external
characters, yet generally differ in fertility in a small, and occa-
sionally in a high degree.

Several other singular Tules could be given from Girter: for
instance, some species have a_ remarkablo power of crossing with

power of impressing t
these two powers do not at all necessarily go together. -There are
certain hybrids which, instead of having, as is usual, au intermdiate
character between their two parents, always closely resemble oo of
them ; and such bybrids, 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
etsveen their parents, exceptional and abnormal individuals some-
times are bom, which closely resemble one of their pure parents;
and these hybrids are almost always utterly sterile, even when the
other hybrids raised from sced 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
1o cither pure parent.

Considering the several rules now given, which - govern the
fertlity of first crosses and of hybrids, wo see that when forms,
which must be considered as good and distinet species, are united,
their fertility graduates from zero to perfect fortility, or even to
fertility under certain conditions in excess; that their fertility,
Desides being eminently susceptible to favourable 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 resemble in external appearance cither parent;
and lastly, that the facility of making a first cross between any
two species is not always governed by their systematic afinity of
degreo of resemblance to each other. This latter statement i8
clearly proved by the difference in the result of reciproeal cresses
Tetween the same two species, for, according as the one specics
or the other is used as the father or the mother, there is generally
some difference, and occasionally the widest possiblo. difforcnce,

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



CuseIN.  of first Crosses and of Hybrids. 245

in the fucility of effecting an union. The hybrids, morcover,
produced from reciprocal crosses often differ in fertility.

Now do theso complx and singuler uls indicte st apcis
have been endowed with sterility simply to prevent their becomi
afounds) i natuce?. 1 $hink mok  Hos-why dliould the sielity
be 50 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 degreo of sterility. be
innately variable in tho individuals of the same species? Why
should some species cross with facility, and yet produce very sterile
Dybrids; and other species cross with extreme difficulty, and yet
podus il fcle hybeda?  Why should i clen b 30
great o difference in_the result of & reciprocal cross betwoen the
e ot s I i e Lk
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 o strango arrangement.

The foregoing rules and ficts, on'the other hand, appear to mo

icate that the sterility both of first crosses and of
Iybrids is simply incidental or dependent on unknown 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 freely act
on the female sexval eloment of the other, but not in a reversed
direotion. 1t will bo advissble to explain a little more fally by
an example what T 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 specially endowed quality, but will admit that
it is incidental on differences in the laws of growth of the two
plants, We can sometimes seo 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 tho other herbaceous, cno being evergreen 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 capacity is limited by systematio affnity, or 1o one
has been able fo graft together trees belonging to quite distinct
families; and, on the other hand, closely allied species, and varieties
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ofthe sums spee, cun usnally, but ot invariably, be grafted with

ity, as i sation, is by no means abso-
Iutely governed by systematic iity,  Althoogh iy ditied
‘genera within the same family have been gralted together, in other
cases species of the same genus will not take on each othier. The

i 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 varieties of the pear take with different
degrees of facility on the quince;; 80 do different varietics of the
apricot and peach on certain varieties of the plum.

s Giirtner found that there was sometimes an innate dxﬂ'ﬂenm
in different individuals of the same two species in c
Sageret believes this to be the case with different adivtinis of
the samo two species in being grafted together. As in reciprocal
crosses, the facility of effecting an union is often very far from
equal, ¢o it sometimes is in grafting; the common gooseberry, for
instance, cannot be grafted on the currant, whereas the currant will
take, though with difficulty, on the gooseberry.

We have scen 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
rcpmducﬂve organs perfect ; yet these two distinct classes of
cases run t0 @ largo extent parallel, Something analogous occurs
in guafting; for Thouin found that throe species of Robinis,
which seeded freely on their own roots, and which could be
grafted with no great difficulty on @ fourlh 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
as when on their own roots. We are reminded by this Intter fack of
the extraordinary cases of Hippeastrum, Passiflora, &c., which seed
much more freely when fortilised with the pollen of & distinct
specics, than when fertilised with pollen from the same plant.

Wo thus see, that, although there is a clear and great difference
between the mere adhesion of grafted stocks, and the union of
the male and femalo elements in the act of reproduction, yet that
there is a rude degree of parallelism in the results of grafting and of
crossing distinct species. And as we must look at the curious
and complex laws governing the facility with which trees can be
grafted on each other as incidental on wnknown differences in their
vegetative systems, so T believe that the still more complex laws
governing the fucility of first crosses arc incidental on unknown
differences in their reproductive systems. These differences in both
cases, follow to & certain extent, as mizht have been expectedy
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systematic affinity, by which torm every kind of resemblanco and
Gsimilarity ot orgao beings i atiompted o be expressed.
The facts by no means seem 4o indicate that the greater or lesser
difficulty of cither grafting or crossing various specics has been a
‘special endowment; although in the case of crossing, the difficulty
is as important for the cndurance and stability of specific forms,
a8 in the case of grafting it is nnimportant for their welfare,

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

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

ich, like any other variation, spontancously appearod
in certain individuals of ono variety when crossed with those of
For it would clearly be advantageous to two
fent, species, if they could be kept from blending,
on the same principle that, when man is selecting at the same time
two varieties, it is necessary that he should keep them separate.
In the first place, it may be remarked that species inhabiting
distinct 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
Teen 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 sccond place, it is almost as much opposed to
the theory of natural selection as to that of special creation, that in
reciprocal crosses the male element of one form should have been
rendered utterly impotent on a second form, whilst at the same
timo the male element of this second form is enabled freely to
fertilise the first form ; for this peculiar state of the reproductive
system could hardly have been advantageous to cither species.

In considering tho probability of natural selection having come

into action, in rendering specics mutually sterile, the greatest
d\ﬂmn\ty will be found to lie in the existence of many graduated
steps from slightly lessened fertility to absolute sterility. It may
Do admitted that it would profit an incipient species, if it were
rendered in some slight degree sterile when crossed with its parent
form or with some other varicty ; for thus fower bastardised and
deteriorated offspring would be produced to commingle their blood
with the new species in process of formation. But he who will take
ithe 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 species which have been differentiated to a generic
or family rank, will find the subject extraordinarily complex.
After mature reflection it scams to me that this could not have beerx

effected throngh natural selection. the case of any two
species which, when crossed, produce few and sterile offspring ; novw,
what is there which could favour the survival of those individuals
which happened to be endowed in a slightly higher degreo with
mutual infertility, and whicli 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 structuro and fertility have been slowly
acoumulated by natural sclection, from an advantage having been
thus indirectly given to the community to which they belonged
over other communities of the same speci it an individual
animal 1ot belonging o a social community, if rendered slightly
sterile when crossed with some other variety, would not, thus itself
gin any advantage or indircetly give any advantago fo the other
individuals of the same varicty, thus leading to their proservation.

But it would be superfluous to discuss this question in details,
for with plants we have conclusive evidence that the sterility of
crossed species must be due to some principle, quite independent of
natural selection. Both Giirtner and Kolreuter have proved that in
genera including numerous species, a series can be formed from
specis which when crossed yield 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 acmo of sterlity,
‘when the germen alone is affected, cannot have been gained through
selection ; and from the laws governing the various grades of sterility
‘being so uniform thronghout the animal and vegetable kingdoms,
we may infer that the cause, whatever it may be, is the same or
mearly the same in all cases.

We will now look a lttle closer at the probable nature of the
differences between species which induce sterility in first crosses
and in hybrids. Tn the caso of first crosses, the greater or less
difficulty in effecting an union and in obtaining offspring apparently
depends on several distinct causes. There 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 tho ovarium, - It has also boen 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 surfuce. Again, the male clement may reach the fomalo
clement but be incapable of causing an embryo o be developed, as
scems to have been the case with some of Thuret’s experiments on
Fuci. No explanation can be given of these facts, any more than
why certain trees cannot bo grafted on others. Lastly, an embryo
may be developed, and then perish at an early period. This latter
alternative has not been suficiently attended to; but I believe,
from observations communicated to me by Mr. Hewitt, who has
eat experience in hybridising pheasants and fowls, that the
early death of the embryo s o very frequont cause of steriity in
st crosses. Mr. Salter has recently given the results of an
examination of about 500 ezgs produced from various crosses
Totween threo species of Gallus and their hybrids ; the majority of
these ezgs had been fertilised ; and in the majority of the fertilised.
539, i beyce i e o il dvoloped s ot
‘perished, or had bocome nearly mature, but the ickens had
kb6 40 DAY Biforh the hal.’ OF 1 shipksoa hichy
were born, more than four-fiths died within the first. fow days, or
at latest weeks, “without any obvious cause, apparcntly from mero
inability to live;” so that from the 500 eggs only twelve chickens
wero reared. With plnnu, hybridised embryos probably often
‘perish in a like manner ; at least, it is known that hybrids raised
from very distinct species aro sometimes 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 these fucts, 1 was unwilling to beliovo in
the frequent carly death of hybrid embryos; for hybrids, when
once bom, are generally healthy and long-lived, as we see in tho
of the common mule, Hybrids, however, aro differently cif-
cumstanced before and after birth: when born and living in a
countey where their two parents live, they are gencrally placed under
suitable conditions of life. But a hybrid partakes of only half of
the nature and constitution of its mother; it may therefore before
irth, as long as it is nourished within its mother’s womb, or within.
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the ozg or seed produced by the mother, be exposed to conditions
in some degroo unsuitable, and consequently be liable to perish a
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 imperfeetion 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.

n regard to the sterility of hybrids, in which the sexual elemonts
are imperfectly developed, the caso 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
aro extremely liable to have their reproductive systems seriously

is, eat, bar to the domestication of
animals, dlity thus superi d 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 sterility
occurs in various degrees ; in bath, the male element is the most
liable to be affected; but sometimes the femalo more than the
male. In both, the tendency goes to a certain extent with sys-
‘tematic affinity, for whole groups of animals and plants aro rendered
impotent by the same unnatural conditions ; and whole groups
-of species tend to produce sterile hybrids. On the other hand, ono
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, or
any exotic plant seed freely under culture; nor can he tall till ho
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 fo vary, which seems to be partly due to their
reproductivo systems having been specially affected, though in &
lesser degree than when sterility ensues. o it is with hybrids, for
their offspring in successive generations are eminently liable to vary,
as every experimentalist has observed. i
Thus wo see that when organic heings are placed under new
and unnatural 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 dogree as to be inappreciable
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By us s in the other case, or that of hybrids, the external conditions
bave remained the same, but tho organisafion bas been disturbed
inct structures and constitutions, including of course th
reproductive systems, having been blended into one. Tor 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 infer se, they transmit to their offspring from
generation to generation the same compounded organisation, and
hence we need not be surprised that their sterility, though in some
degres variable, does ot diminish; it s even apt to increase, this
Deing 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.

1t must, however, be owned that we cannot understand, on tho
above or any other view, several facts with respect to the sterility
of hybrids; for instance, the unequal fertility of hybrids produced
from reciprocal crosses ; or the increased sterility in those hybrids
which oceasionally and exceptionally resemble closely cither purc
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 unnatural 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 the
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
considerable body of evidence, which I have clsewhere given, tha

frcq\lent exchanges of seed, tubers, &, from one soil or climate to
another, and back again. During the convalescence of animals,
neatbeneit s derved from almost any chango i ther habits of .

Again, both with plants and avimals, there is the clearest evidence
that a cross between individuals of the same species, which differ to
a cortain extent, gives vigour and fetlity to the ofsring 3 and
that luring several gener

the nearest relations, if these be kept under the same mmh jons of
life, 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 lfe beneft all organio beings, and o the other hand, thay
slight crosses, that is crosses between tho males and fomales of tho
samo species, which have been subjected to slightly different con=
ditions, or which have slightly varied, give vigour and fertility to
the offspring, But, as we have seen, organic beings long habituated
to certain uniform conditions under a state of nature, when sub-
jected, as under confinement, to . 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 different, produce hybrids which are almost always in
some degree storile. 1 am fully persuaded 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 aro
incapablo 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
able to explain how it is that the races of some of our domesticated
animals, which have often been subjected to new and not uniform
conditions, are quite fertile togother, although they aro descended
from distinot specios, which would probably have been sterile it
aborigiually crossed. The above two parallel series of facts seem
to be connected together by some common but unknown bond,
which is essentially related to the princigie of life; this principle,
according to Mr. Herbert Spencer, being that life depends on, o
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 subject may be hore briefly discussed, and will bo found to
throw some light on hybridism. Several plants belonging to
distinct orders prosent two forms, which exist in about equal
numbers and which differ in 10 respect except in their reproductive
organs ; one form having a long pistil with short stamens, the other
a short pistil with long stamens ; the two having differcntly sized
pollen-grains. With trimorphic plants there aro three forms like-
wise differing in the lengths of their pistils and. stamens, in the size
and colour of the pollen-grains, and in some other respects; and a8
in each of the three forms thero are two sets of stamens, the three
forms possess altogether six sets of stomens and. three Kinds of
pistils.  These organs are so proportioned in length to each other,
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that half the stamens in two of the forms stand on a level with
the stigma of the third form. Now I have shown, and the result
Tas been confirmed by other abservers, that, in order to obtain full
fertility with these plants, it is necessary that the stigma of the one
form should be fertilised by pollen taken from the stamens of cor-
responding height in another form. ~ So that with dimorphic specics
o unions, which may be called legitimate, are fully fertile; and
4o, which may be called illegitimate, are more or less infertile.
With trimorphic species six unions aro 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 the
pistil, differs much in degree, up fo absolute and utter sterility ; just
in the same manner as ocours in crossing distinct species.  As the
degree of sterility in the latter case depends in an eminent dogree
on the conditions of lifo being more or less favourable, so T have
Sound it with illegitimate wnions. 1t is well known. that if pollen
of a distinet species be placed on the stigma of a flower, and its own
pollen be aftervards, even after a considerable interval of time,
placed on the same stigma, ts action is o strongly prepotent that
it generally annibilates the effect of the foreign pollen 01t is with
the pollen of the several forms of the same species, for Legitimato

pollen is strongly prepotent over illegitimate pollen, when both are
B Ty Wopi X motavacd in by ScTistnboverat
flowers, first llegitimately, and twenty-four hours afterwards legiti-
‘mately, with pollen taken from a peculiarly coloured variety, and
all the scedlings were similarly coloured ; this shows that the
legitimate 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
etween the same tiwo species, there is occasionally  great difference
in the result, so the same thing ocours with trimorphic plants ; for
instance, the mid-styled form of Ly thrum salicaria was ilegitimately
fertilised with the greatest ease by pollen from the longer stamens
of the short-styled form, and yielded many seeds; but the latter
form did ot yield a single seed when fertilised by the longer
stamens of the mid-styled form.

Tn all theso respeots, and in others which might be added, the
forms of the same undoubted species when illegitimately united
‘ehave in exactly the same manner as do two distinct species when
erossed. 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 for-
tile. It is possible to raiso 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 ina
legitimate manner. When this is done, there is no apparent reason
why they should not yield as many seods as did their parents 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 seed or
even scod-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 infer se. I, on the
other hand, a hybrid is crossed with either pure parent-specics, the
sterility is usually much lessened : and so it is when an illegitimato
plant is fertilised by a legitimate plant. In the same manner as
the sterility of hybrids does not always run parallel with the
difficulty of making the first cross between the two parent-specics,
50 the sterility 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 a.
‘marked manner with illegitimate plants. Lastly, many hybrids are.
profuse and persistent flowerers, whilst other and more. sterile
hybrids produce few flowers, and are weak, miserable dwarfs;
exactly similar cases occur with the illegitimate offspring of various.
dimorphic and trimorpliic plants.

Altogother there is the closest identity in character and behaviour
Tetween illegitimate plants and hybrids. It is hardly an exagge-
mation to maintain that illegitimate plants are hybrids, produced
within the limits of the same species by the improper union of
certain forms, whilst ordinary hybrids are produced from an im-
Proper union between so-called distinct species. We bave also
already secn that there is the closest similarity in all respects
between first llegitimate unions and first crosses botween distinct
species.  This will perhaps be made more fully apparent by an
illustration; wo may supposo that a botanist found two well-
marked varicties (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 distinet, He would find
that they yielded only about one-ffth of the proper number of seed,
and that they bebaved in all the other above specified respects a8 if
they had been two distinct species. But to make tho caso suro, ho
would raise plants from his supposed hybridised seed, and he would
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£ind that )y sterile, and
that they bebaved in all other respects like oninmvy hybrids. He

‘might then maintain that ho had actually proved, in accordance with
the common view, that his two varieties were as good and as distinct:
species as any in the world ; but he would be complotely mistaken.

The facts now given on dimorphic and trimorphic plunts are

nt, because they show us, first, that the physiological test
of lessened fertility, both in first crosses and in hybrids, is no safo
criterion of specific distinction ; secondly, becanse we may co ludo
that thoro is some unknown bond which connects the infertility of
illegitimate unions with that of their ety S i
aro led to extend the same view to first or d hybrids 3
SR e s R B
that two or three forms of the same 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
sexval 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 ferti
Hence the case appears at first sight exactly the reverse of what
occurs, in the oxdinary unions of the individuals of tho same specics.
and with orosses between distinct species. It is, however, doubiful
whether this is really so3 but I will not enlarge on this obsoure
subjeot.

‘We may, however, infer as probable from the consideration of
dimorphic and trimorphic plants, that the sterility of distinct
species when crossed and of their hybrid progeny, depends exclu-
sively on tho natare of their sexual clements, and 1ot on any diffe
ence in their structure or general constitution. We are also led
to this same conclusion by considering reciprocal crosses, in which
the male of one species cannot be united, or can be united with
great difficulty, with the femalo of a sccond species, whilst the
converso cross can be effected with perfoct facility. That cxcellent
observer, Giirtner, likewise concluded that species when crossed are
sterilo owing to differences confined to their reproductive systems.

Fertility of Varicties when Crossed, and of their Mongrel
Offspring, not universal,
It may be urged, as an overwhelming argument, that thero m\N.
tween species and varict
a8 tho latter, however much they may difr from sach other in
external. appearance, cross with perfeot facility, and yield perfectly
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fertile offspring. some exceptions, presently to be given, I
fully admit that this is the 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 degreo sterile
together, they are at once ranked by most naturalists ‘as species.
Tor instance, the blue and red pimpernel, which are considered by
oot botabiaa aa variatos, o said by Girtner 0 bo lte atecly
when crossed, and he consequently rauks them s undoubted
species. 1 we thus argue in a cirele, the fertility of all varieties
produced under nature will assuredly have o be granted.

1f we tum to varieties, produced, or supposed to have been pro-
duced, under domestication, wo are still involved in some doub,
For when it is stated, for instance, ﬂmt certain South American
indigenous domestic dogs do not readily unite with European

species.  Nevertheless the perfect fertility of so many domestic
Taces, differing widely from cach other in appearance, for instance
those of the pigeon, or of the cabbage, is a remarkable fact ; moro
especially when we reflect how many species there are, which,
though resembling each other most closely, are utterly sterile when
intercrossed.  Several considerations, however, render the fertility
of domestic varieties less remarkable. In the first place, it may
Do observed that the amount of external difference between two
species is 10 sure guide to their degree of mutual sterility, so that
similar differences in the case of varicties would be no sure guide:
It is certain that with species the cause lies excluxiuly in differ-
i in their sexual costitution. Now the varying condi

o which domesticated animals and cultivated plants have een
«ulucmd. Tave had so little tendency towards modifying the
reproductive system in a manner leading to mutual steri wy, that
we have good grounds for admitting the direotly opposite doctrine
of Pallas, namely, that such conditions generally eliminate this
tendency ; so that the domesticated descendants of speces, which in
their natural state probably would have been in some dogree sterile
when crossed, become perfectly fertile together. With plants, 50
far is cultivation from giving a tendency towards sterility between
distinct species, that in several well-authenticated cases already
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 belng fertilised by, other species.
the Pallasian doctrine of the elimination of sterility through long=
continued domestication be admitted, and it can hardly be rejected,
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it becomes in the highest degree improbablo that similar conditions
Jong-continued should likewise induce this tendency; though in
certain cases, with species having a peculiar constitution, sterility
‘might occasionally be thus cansed. Thus, as I believe, we
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 obse

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 bas so generally occurred with natural
variotics, as soon as they have been permanently modified in a
sufficient degree to take rank as species. We are far from precisely
knowing the cause; nor is this surprising, seeing how profoundly
ignorant we are in. regard to the normal and abnormal action of
the reproductive system. But we can see that species, owing to
their strugele for existence with numerous competitors, will have
been exposed during long. periods of time to more uniform con-
ditions, than have domestio varieties ; 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
subjcted to captivity, are rendered sterile; and the reproductive
functions of organic beings which have always lived under natural
conditions would probably in like manver be eminently sensitive
to the influence of an unnatural 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
undi fertility repeated changes of conditions, might bo
expected to produce varieties, which would be little liable to have
their reproductive powers injuriously affected by the act of crossing
with other varieties which had originated in a like manner,

1 have s yet spoken as if the varieties of the same species were
invariably fertile when intercrossed, But it is impossible to resist

lence of the existence of a certain amount of sterility in the
fow following cases, which 1 will bricfly abstract. The evidence is
at least 18 good as that from which we believe in the sterility of &
multitude of species. The evidence is, also, derived from h
witnesses, who in all other cases consider fertility and. sterility as
safe criterions of inction.  Girtner kept during several
yeats a dwarf kind of waize with yellow sceds, and a tall variety
with red sceds growing near each other in his garden ; and although
these plants have separated sexes, they never naturally crossed.
Ho 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 seed, and this one
head produced only five grains. - Manipulation in this case could
ot have been injurious, as the plants have separated sexes. No.
ane, T believe, has suspected that theso varioties of maize are
distinet species; and it is important to notice that the hybrid
plants thus raised wero themselves perfecly fertilo; 50 that even
Girtner did not venture to consider the two varieties as specifically
distinct.

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

The following case is far more remarkable, and seers at first.
incredible ; but it s the result of an astonishing number of experic
ments made during many years on nine species of Verbascum, by

bserver and so hostile a witness as Gértner: numely
that the yellow and white varieties when crossed. produce less seed.
than the similarly coloured varieties of the same species. Moreover,
e asserts that, when yellow and white varieties of one species are
crossd with yellow and whito. varicties of a distinct species,
move seed s produced by the crosses between the similurly
olouréd flowers, than between those which are differently eoloured.
Mr. Scott also has experimented on the species and varieties of
Verbaseun ; and although unsble to confirm Giirtner's results oo
the crossing of the distinet species, he 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 varieties. Yet these
varieties differ in no respect except in the colour of their flowers;
and one variety can sometimes be raised from the seed of another.

Rlreuter, whose accuracy has been confirmed by every subsoquent
observer, has proved tho remarkable fact, that one  particular
vatiety of the common  tobacco was more fertile than the other
vatietios, when crossed with a widely distinet species. He experic
mented on five forms which are commonly reputed to be varietiss,
aud which he tested by the severest trial, namely, by reciprocal
crosses, and he fouud their mongrel offspring perfectly fertile, Bt
one of these five vari used either as the father or mother
and crossed with the Nicotiana glutinosa, always yielded hybrids nob
0 sterile as those which were produced from the four other varieties
when crossed with N. glutinosa. Hence the reprodutive sysiei
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o e
.

of this ne variety must have been in some manner and in some

dogree modified.

From these facts it can no longer be maintained that varioties
when crossed aro invariably quite fertile. From the great difficulty
of ascertaining the infertility of varieties in a state of nature, for
 supposed. varicty, if proved to be infertle in auy degree, would
almost universally be rauked as a species s—from man attending
only to external characters in his domestio varieties, and from such.
varicties not having been exposed for very long periods to uniform
conditions of lfe ;—from these several considerations we m o
clude that fertility does not constitute a fundamental distinet
‘etween variotics and specics when crossed. The general mnmy
of crossed species 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.

Hytrids and Mongrdscompare, independently of their
ity

Indspendinly of ths quesin of fammy, the offspring of species
when crossed may be compared in soveral other
G nnu, whose strong wish it was to draw a distinct Jine
etwoen species and varieties, could find very few, and, as it seems
0 16, quite unimportant differences between the so-called hybrid
offspring of species, and the so-called mongrel offspring of varieties,
A.nd, (e haad oo ook closely in many important

el here discuse this s aisems brevity. The most
important distinction is, tha in the first generation mongrels aro
more variable than hybrids ; i
specios which hve long been cultivated aro_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
species; and this shows that the difference in. the degroe of Varia-
bility graduates ayay. W hen mongrels and the more fortile hybrids
are propagated for several generations, an extreme amount of Yaria-
bility in the offspring in both. cases is notorious ; but some few
instances of both hybrids and mongrels long retaining a uniform
character could be given. The variability, however, in the sucoes=
sive generations of mougrels is, perhaps, greater than in Lybrids.
‘This greater variability in mongrels than in hybrids does nob
seem at all surprising.  Kor the parents of mongrels are varieties,
and mostly domestic varieties (very fow experiments having been
82
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tried on natural varicties), and this implies that there has been
recent variability, which would often continte and would augment
that arising from the act of crossing. The slight variability of
hybrids in the first Eenemhon, in contrast with that in the succeed-
ing generations, is @ curious fact and deserves attention. For it
Dears on the view which I hae taken of one of the causes of
ordinary variability ; namely, that the reproductive system from
eing eminently sensitive to changed conditions of Lie, fails nnder
these circumstances to perform its proper function of producing
offspring closaly similar in all respects to the parent-form. Now
hybrids in the first generation are descended from species (excluding
thoso long-cultivated) which have not had their reproductive
systems in any way afiected, and they are not variable; but
bybrids themsclves have their reproductive systems seriously
affected, and their descendants are highly variable,

But to return to our comparison of mongrels and hybrids:
Giirtner states that mongrels are more liable than hybrids to revert
t0 cither parent-form ; but this, if it be true, i certainly only a dif-
feronce in degree. Moreover, Girtner exprossly statos that hybrids
from long cultsated plants are moro ubject to revesion than
hybrids from species in their natural state; and this probably
explains the singular difference in the results arrived at by diffrent
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. Girtner further
states that when any two species, although most closely allied to
each other, are crossed with a third species, the hybrids are widely
difforent from each other; whereas, if two very distinet varieties of
ono species are crossed with another specics, the hybrids do not
differ much. But this conclusion, as far as I can make out, §
founded on a singlo experiment; and scems directly opposed to the
results of several experiments made by Kolreuter.

Such alono aro the unimportant differences which Giirtner s able
to point out between hybrid and mongrel plants. On the other
hand, the dogrecs and kinds of resemblance in mongrels and in
Tybrids to their espective parents, more especially in hybrids pro-
duced from nearly related species, follow according to Glrtner the
same laws.  When £wo species aro crossed, one has sometimes &
Brootent pover of impressing its Likenss on o hybrid. S0 1
elieve it to be with varietics of plants; and with animals ono
varioty certainly often bas 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. X

These several remarks are apparently applicable to avimals; but
the subject is here much complicated, partly owing to the existence
of secondary sexual characters; but more especially owing to pro-
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 avother variety. For instance,
1 think those authors are tight, who maintain that the ass has 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-
Potency runs 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.

Much stress has been laid by some authors on the supposed fact,
that it is ouly with mongrels that the offspring are not intermediate
in character, but closely resemblo one 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
seem chiefly confined to characters almost monstrous in their nature,
and which have suddenly appeared—snch as albinism, melanism,
deficiency of tail or horns, or additional fingers and toes 5 and doot,
relate to characters which have been slowly acquired through selec-
tion. A tendency to sudden reversions to the perfect character of
either parent would, also, be much more likely to occur with mongrels,
which are descended from. varieties 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 bady 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 lttle or much from each

, in the union of individuals of the same varicty, or of
t varioties, or of distinct species.

: . -
Took at specics as having been specially created, and at varieties a8
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Baving been produced by sccondary laws, this similarity would be
an astonishing fict. But it harmonises perfectly with the view
‘that there is no essential distinction between species and varioties.

Summary of Chapter.

First crosses between forms, sufficiently distinct to be mnked as
spocics, and their hybrids, are very generally, but not universally,
sterile. The sterility is of all degrees, and s often so slight that the
‘most careful experimentalists have arrived at diametrically opposi
conclusions in ranking forms by this test. Ve sterility is innately
variable in individuals of the same spocies, and is eminently
susceptible to the action of favourable and unfavourable conditions,
The degree of sterility does not striotly follow systematio affiity,
but is governed by several curions and complex laws. It is generally

flerent, and idely Gifferent, in 1

the same two species. 1t is ot always equal in degree in a first
cross and in the hybrids produced from this cross,

In the sume manner as in griting trees, the capacity of one
spcies or variety to take on another, is incidental on differeuces,
generally of an unknown nature, in their vegetative systems, so in
crossing, the greater or less facility of one specics to unite with
another is incidental on unknown differences in their reproductive
systems. There is 1o more reason to think that species have been
specially endowed with various degrees of sterility to prevent their
crossing aud blending in nature, than to think that trees have been
specially endowed with various and somewhat analogons degrees
of difficulty in being grafted together in order to prevent their
inarching in our forests.

‘The sterilty of first crosses and of their hybrid progeny has not
een acquired through natural selection, In the case of first crosses
it seems to dopend on several circumstances; in some instances in
chief part on tho early death of the embryo. In the case of hybrids,
it apparently depends on their wholo organisation having been
disturbed by being compounded from two distinet forms; the
sterility being closely allied to that which so frequently affccts pure
species, when exposed to new and mnatural conditions of life
Ho who will expluin these latter cases will be able to explain the
sterility of hybrids. This view is strongly supported by a parallelism
of another kind: namely, that, firstly, slight  changes in the eon-
ditions of Life add to the vigour and fertility of all organio beings3
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, and fertility of their offspriug. The facts given on the.
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sterility of the illegitimate unions of dimorphio and trimorphio
plants and of their illegitimate progeny, perhaps render it probable
that somo unknovn bond i sl cases connects the dgro of fcliy
of f these
{acts an disorphiam, as wel 8 of the’ S reciprocal crosses,
clearly leads to the conclusion that the primary cause of the sterility
of crossed species is confine to differences in their sexual elements.
But why, in the case of distinet species, the sexual clements should
50 generally have become more or less modified, leading to their
Tantual infetility, wo do not knows bt it seoms to stand in some
closs relation to species having been exposed for long periods of
time to nearly uniform conditions of ife.

It s not surprising that the difficulty in erossing any two species,
and the sterility of their bybrid offspring, should in most cases cor-

respoud, even if due o distinct causes; for both depend on the
amount of difference botwoen the species which are crossed. Nor
S0 iletita: coat e Tl of Slning @ Gist oo e e
fertlity 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,
yarallel with the systematio affinity of the forms subjected to expo-
Timent; for systematic affinity includes resemblances of all kinds.

First crosses betoween forms known to be varieties, or suficicntly
alike to be considered. as varieties, and their mongrel ofispring, aro
very generally, but not, as is so often stated, invariably fertile.
Nor is this almost universal and perfeot fertility surprising, when
it is remembered how liable we are to argue in a circle with respect
to varieties in a state of nature; and when we remember that the
greater number of varieties have been produced under domestication
by the selection of mere external differences, and that they have
ot been long exposed to uniform conditions of life. It shonld also
e especially kept in mind, that long-continned domestication tends
to eliminate sterility, and is therefore lttle likely to induce this
same quality. Tndependently of the question of fertility, in all
other respects thero is the closest goneral resemblance Tetween
ty, in their power of
in their inheritance
of charcies from otk part-fors, Foally, the, alfhongh we
aro s ignorant of the precise cause of the sterility of first crosses
and of hybrids as wo are why animals and plants removed from
their natura conditions heveme serl,yet. the fcts given in this
chapter do not seem to e opposed to the beliof that species
aboriginally existed as varieties,
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CHAPTER X.

Ox TaE IxvErrECTION OF THE GEOLOGICAL RECoRD.

On the absence of intermediate varieties at the present day —On the nature
of extinct intermediate varieties; on their number—On. the lapse of
time, as fnferred from the rate of denudation and of deposition—On
the Tapse of time as estimated by years — On the poorness of our palaon-

fons —On the intermittence of geol i
On the denudation of granitic areas—On the absence of intermediate

species — On their sudden appearance in the lowest known fosiliferous
strata— Antiquity of the habitable earth,

Ix the sixth chapter T enumerated the chief abjections which might
be justly urged against the views maintained in this volume.
Most of them have now been discussed. One, namely the dis-
tinctness of specific forms, and their not being blended together
by innumerable transitional links, is & very obvious difficulty.
T assigned reasons why such links do not commonly ocour at the
‘present day under the circumstances apparently most favourable for
their presence, namely on an extensive and continuous area with
gmaduated physical conditions. T endeavoured to show, that the
life of each 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
‘be beaten out and exterminated during the course of further modifi-
cation and improvement. The main cause, however, of innumerable
intermediate links not now occurring everywhere throughout nature,
depends on the very process of natural seloction, through which new
‘varicties continually fake the places of and supplant their parent-
forms.  But just in proportion as this process of extermination bas
acted on an enormous scale, 50 must the number of intermodiate
varioties, which have formerly existed, bo truly enormous. Why
#hen is not every geological formation aud 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 theory
The explanation lies, as I beliove, in the extreme imperfection of
the geological record.

In the first place, it should always be borne in mind what sort
of intermediate forms maust, 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 is a wholly false view ; we should always look for forms inter-
‘madiate between each species and & common bt unknown pro-
genitor; and the progenitor will generally have differed in some
respects from all its modified descendants. To give a simplo
illustration: the fantail and pouter pigeons are both descended
from the rock-pigeon s if wo possessed. all the intermediate varieties
which have ever existed, wo should have an extremely close series
etween both and the rock-pigeon ; but we should have no varieties
directly intermediate between the fantail and pouter; none, for
instance, combining & tail somewhat expanded with a crop some~
what enlarged, the characteristic features of these two breeds.
These two breeds, moreover, bave 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

nere comparison of their structure with that of the rock-pigeon,
. livia, whether they had descended from this species or from somo
other allied form, such as O. oenas.

So with natural species, if we look to forms very distinet, for
instance to the horse and tapir, we have 1o reason to suppose that
links directly intermediate between them ever existed, but between

an unknown common parent. The common parent will
have had in its whole organisation much general resemblance to the
tapir and 1o the horse ; but in some points of structure may have
differed. considerably from both, even perhaps more than they
differ from each other. Hence, in all such cases, we should be
unable to recognise the parent-form of any two or more species,
‘even if we closely compared the structure of the parent with that of
its modified. nts, unless at the sume time we had a nearly
perfect chain of the intermediate links.

It s just possible by the theory, that one of two living forms
might b
tapir; and in this case direct intermediat
between them. But such a case would imply that one form had
remained for @ very long period unaltered, whilst its descendants
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had uudergone a vast amount of change; and the principle of com-
ition between organism and organism, between child and parent,
will render this a very rare event; for in all cases the new and
improved forms of life tend to supplant tho old and unimproved
forms.
By the theory of natural selection all living species have been
connected with the parent-species of each genus, by differences not
r than we sec between the matural and domestio varieties
of the same species at the present day; and thess parent-
species, now generally extinct, have in their turn been similarly
connected with more ancient forms ; and 5o on backwards, always
converging to the common ancestor of each great class. o that
the number of intermediate and transitional links, between all
living and extinct specics, must have been inconceivably great. But
assuredly, if this theory be true, such have lived upon the earth,

On the Lapse of Time, as inferred from the rate of Deposition and
eatent of Denudation.

Tndependently of our not finding fossil remains of such infinitely
numerous connecting links, it may be objected that time cannot
have sufficed for so great an amount of organic change, all changes
baving been effected slowly. 1t is hardly possible for me to
recall to the reader who is not a practical geologist, the facts
leading the mind feebly to comprehend the lapse of time. He
who can read Sir Charles Lyell's grand work on the 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 soparste
formations, and to mark how each anthor attempts to give an
inadequate idea of the duration of each formation, or even of each
suatum. We can best gain some idea of past timo by knowing
the agencies at work, and learning hiow 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 denti=
dation which the earth's crust has elsewhere undergone, Therefors
 man should examine for himself the great piles of superimposed
strata, and watch the rivulets bringing down mud, and the waves
wearing away the seacliffs, in order to comprehend something
about the duration of past time, the monuments of which we 566
all around us.
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Tt god to wander slon the cout, when formed of modertely
hard rocks, and mark the process of degradation. The tides in
‘most cases reach the cliffs ouly for a short time twice a day, and
the waves eat into them only when they are charged with sand or
pebbles for thereis good evidemce that pure water efects nothing
in wearing away rock. At last the base of the cliff is undermined,
uge fragments fall down, and these, remaining fixed, have to bo
wom 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.  Bat how often do we see along
the Luses of retreating cliffs rounded boulders, all thickly clothed
by marine productions, showing how little they are abraded and
Jiow seldom they are rolled about ! Moreover, if we follow for a
few miles any line of rocky eliff, which is undergoing degradation,
we find that it is only hero 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 clse-
whero years have elapsed since the waters washed their baso.

We have, however, recently learnt from the observations of
Ramsay, in the van of many excellent observers—of Jukes, Geikie,
Croll, aud others, that subaerial degradation is a 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 its dissolved carbonic acid, and
in colder countries to frost; the disintegrated matter is carried down
even gentle slopes during heavy ain, and to o greater extent than
might be supposed, especially in arid districts, by the wind; it
is then transported by the strenms and rivers, which when rapid
docpen their channels, and triturate the fragments. On a rainy
day, even ina gently undulating country, we see the effocts of
subacrial degradation in tho muddy rills which flow down every
slope. Messrs. Ramsay and Whitaker have shown, and the ob-
servation is & most striking one, that the great lines of escarpment
in the Wealden distriot and. those ranging across England, which
formerly were looked at as ancient sea-coasts, cannot have been
thus formed, for ach line is composed. of one and the same forma-
tion, whilst our sea-cliffs are everywhere formed by the interscotion
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 surface ; this surface conse-
quently bas been gradually lowered, with the lines of harder rock
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eft projecting. Nothing impresses the mind with the vast duration
b e oo to out ideas of time, more foribly than the cone
Viction thus gained that subacrial agencies which apparently have
50 little power, and which seem to work 80 slowly, have produced
great results. i h

When thus impressed with the slow rate at which the land is
worn away through subaerial and littoral action, it is good, in order
to appreciate the past duration of time, to consider, on the one band,
the masses of rock which have been removed over many exten-
sivo areas, and on the other hand the thickness of our sedimentary
formations, T remember having been much struck when viewing
volcanic islands, which have been worn by the waves and pared
all rourd into perpendicular cliffs of one or two thousand feet in
height ; for the gentle slope of the lava-streams, due to their fur-
merly liquid state, showed at a glance how far the hard, rocky
beds had once extended into the open ocean. The sume story is
told still more plainly by faults—those great cracks along which
the strata have been 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
aud effected by many starts, the surface of the land has been so
completely planed down that no trace of these vast dislocatious
ia exterally 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 & downtbrow in Anglesea of 2300 feet;
and he informs me that he fully believes that there is one inMerio-
nethshire of 12,000 feot; yet in theso cases there is nothing on
the surface of the land to show such prodigions movements; the
pile of rocks on either side of the crack having been smoothly swept

away.
On the ofher hand, in all parts of the world the piles of sedi-
mentary strata are of wonderful thickness. In the Cordillera I estie
maed 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 0
show how slowly the mass must have been heaped together. Pro-
fessor Ramsay has given me the maximum thickness, from actusl
measurement in most cases, of the successive formations in different
parts of Great Britain ; and this is the result :—
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Fet.
Paleosolc strata (not including igneous beds) .. .. 57,154
Se ot .. . o 1150
Tertiary strata .. .. .. Eoi . 2240

—making altogether 72,584 feet ; that is, very nearly thirteen and
three-quarters British miles. Some of the formations, which are
represented in England by thin beds, are thousands of feet in
thickness on the Continent. Morcover, between each successive
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
kit coma o T s o O Ko varios ote
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 false. Mr. Croll, in an
intercsting paper, remarks that we do not err “in forming too great
 conception of the length of geological periods,” but in estimating
them by years. When geologists look at large and complicated
phenomena, and then a the figures representing soveral million
years, the two produce & totally different effect on the mind, and
‘the figures are at once pronounced too small, In regard to subderial
denudation, Mr. Croll shows, by calculating the known amount of
sediment annually bronght 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 or 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 the
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-

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 more than half a century, so that a hundred years repre-
sents the work of two breders in succession. It s not to be sup-
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pecies in a state of nature ever change so quickly as
m«:ll::n:nillmh under the guidance of methodical selection. The
comparison would be in every way fairer with the effects which
follow from unconscious selection, that is the presorvation of th
most useful or beautiful animals, with no intention. of modifyi
the breed ; but by this process of unconscious selection, varions
brocds have been sensibly changed in the course of two o thres
centuries.

‘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 so well adapted to each other, that new places in the polity
of nature do not occur until after long intervals, due to the ocour-
rence of physical changes of some kind, or through the immigration
of new forms. Morcover 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 Palwontological Collections.

Now let us turn to our richest geological musoums, and what
& paltry display we behold! That our collections are imperfect is
admitfed by every one. The remark of that admirable palwonto-
logist, 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 {ow specimens collected on some 0no
spot. Ovly a small portion of the surface of the earth has.
geologically explored, and no part with suffcient 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 left on the bottom of the sea, whero sediment is not acoum=
lating. We probably take a quite erroneous view, when we assume.
that sediment is being deposited over nearly the whole bed of the:
sea, at a rate sufficiently quick o 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 on
record of a formation conformably covered, after an jmmenss
interval of time, by another and later formation, without the under=
lying bed baving suffored in.the interval any wear and tear, seem
explicable 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
embesdded, if in sand or gravel, will, wien the beds are upraised,
el o diselred by the prcltion 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 be rarely
ed. For instance, the several species of the Chthamalin (a
sub-family of sessile cirripedos) coat the rocks all over the world in
Glluien: oracy all strietly littoral, with the exception
gl Mditerranean peie, which inhabit decp wter,
e = ity wheins: oo s species
e bl T o i iy by frsmaon 611650 Kow:
that the genus Chehamalus existed during the Chalk period. Lastly,
many great deposits requiring a vast lensth of time for their accu-
o e sy i of organic remains, without our being
able to assign any reason: one of the most striking instances is
thatot ihe Flysch formation, which consists of shale and sandstone,
soveral thousand, occasionally even six thousand feet, in thickness,
and extendiog for at Last 300 miles from Vienna to Switzerland ;
and although this great mass hs been most carefully searched, no
t a few vegetable remains, have been found.

With respect to the terrestrial productions which lived during
the Secondary and Palwozoic periods, it is superfiuous to state that
our evidence is fragmentary in an extreme degree. For instance,
until rezently ot @ Jand shell was known belonging to cither of
these vast, periods, with the exception of one species discovered by
Sir 0. Lyell and Dr. Dawson in the carboniferous strata of North
America; but now land-shells have been found in the lias. In
tezard to mammiferous remains, a glanco at the historical table
published in Lyell's Manual will bring home the truth, how acci~
dental and rare is their preservation, far botter than pages of detail.
Nor is their rarity surprising, when we remember how large . pro-
portion of the bones of tertiary mummals have been discovered
cither in caves or in lacustrine deposits; and that not a cave or true
lncustrine bed is known belonging to the age of our secondary or
palmozoic formations,

But the imperfection in the geological record largely resilts
from another and more important caso than any of the foregoings
namely, from the several formations being separated from each
other by wide intervals of time. his doctrine has been empha-
tically admitted by many geologists and. paleeontologists, who, liko
E. Forbes, entirely dishelieve in the change of specics. ~When we
sco the formations tabulated in written works, or when we follow
them in nature, it is difficult to avoid believing that they are closely

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



.
w2 The Poorness of our e x.

consecutive, But we know, for instance, from Sir R. Murchison's
great work on Russia, what wide gaps thero are in that country
Between the superimposed formations; 80 it is in North Ameri

din 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
were 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 cach separate territory, bardly any ides
can bo formed of the length of time which has elapsed betwoen the
consecutive formations, wo may infer that this could nowhero be
ascertained.  The frequent and great changes in the mineralogical
composition of conscoutive formations, generally implying greas
changes in the geography of the surrounding lauds, whence the
sediment, was derived, accord with the belief of vast intervals of
time having clapsed between each formation.

We can, 1 think, see why the geological formations of each region
are almost invariably intermittent; that is, have not followed each
other in close sequence. - Scarcely any fact struck me more when
examining many hundred miles of the South American coasts, which
have been upraised several hundred feet within the Tecent period,
than the absence of any recent deposits sufficiently extensive to last
for_even a short geological period. Along the wholo west coast,
which is inhabited by a peculiar marine fauna, tertiary heds are so
poorly developed, that no record of several successive and peculiar
‘marine faunas will probably bo preserved to a distant age. A little
reflection will explain why, along the rising coast of the western
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 cntering the sea, The
explanation, 1o 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 subaerial
dogradation. Such thick and extensive accumulations of sediment
may be formed in w0 ways ; cither in profound depths of the sea
in which case the bottom will not be inhabited by so wany 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, i it continue slowly to subside. In this latter case,
as long as the rate of subsidence and the supply of sediment nearly
balance cach 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,
way 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. - Sinco 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. 1 may add, that the only
ancient tertiary formation on the west coast of South America,
which has been bulky enough to resist, such degradation as it has
as yet suffered, but which will hardly last to a distant geological
age, was deposited during  downward oscillation of level, and thus
‘gained considerable thickness.

Al geological faots tell us plainly that each area has wndergone
‘numerous slow oscillations of level, and apparently these oscillations
have affected wide spaces. Consequently, formations rich in fossils
and suficiently 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 keep the
sca 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 are the most, favourable fo life. Stil
Je cxn s have hnppened during thoalterate pariods of cevtion

, to speak more aceurately, the beds which were then accumulated
it e by being upraised and brought
within the limits of the coast-action.

“Iheso remarks apply chiefly to littoral and sublittoral deposits.
In the case of an extensive and shallow sea, such as that within
largo part of the Malay Archipelago, where the depth varies 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 ; nor would

S
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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 lovel. It has, however, been suggested by
Mr. Hopkins, that if one part of the area, after rising and before
‘being denuded, subsided, the deposit formed during the rising move-
‘ment, though ot thick, might afterwards become protected by fresh
accumulations, and thus be preserved for a long period.

Mr. Hopkiné 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 plutonie rocks once formed the primordial
nucleus of the globe, will admit that these latter rocks have been
stript of their covering to an enormous extent. For it s scarecly
possible that such rocks could have been solidified and erystallized
‘whilst uncovered ; but if the metamorphic action occurred st
found depths of tho ocean, the former protecting mantle of ook
‘may ot have been very thick. Admitting then that gueiss, mica-
schist, granite, diorite, &c., were once necessarily covered up, how.
can we account for the naked 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? Thit
such extensive areas do exist cannot be doubted : the granitio region
of Parime is described by Humboldt as being at least nineteen times
as large as Switzerlind. South of the Amazon, Boué cofours an
area composed of rocks of this nature as equal to that of Spain,
France, ltaly, part of Germany, and the British Tslands, all o=
joined.” This region has not been carefully explored, but from the
Cconcurrent testimony of travellers, the graitic area is very lante:
thus, Von Eschwege gives a detailed scction of theso rocks,
stretching from Rio de Janeiro for 260 geographical miles inland in
a straight line; and I travelled for 150 miles in another direction,
and saw nothing but granitic Tocks. Numerous specimens, ool
lected along the wholo 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 patch of slightly metamorphosed rock, which alone coukd
Tave formed 8 part of the original capping of the granitio series.
‘Turning to & well-known region, namely, to the United States and.
Canada, as shown in Professor H. D, Rogers's beautiful map, 1 have
estimated the areas by cutting out and weighing the paper, and I
find that the iie. (excluding “ the hio®)
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and granitic rocks exceed, in the proportion of 19 to 1275, the whole
of the newer Palozoic formations, In many regions the metamor-
‘phic and granitie rocks would be found much more widely extended
than they appear to be, ifall the sedimentary beds were removed which
rest unconformably on them, and which could not have formed pare
of the ‘mantlo under which they were crystallized. Henco
it is probable that in some parts of the world whole formations have
been completely denuded, with not & wreck left bebind.
Ono remark is here worth a passing notice: During periods of
clevation the area of the land and of the adjoining shoal parts of the
and new stations will often be formed ;—all
cireumstances 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 Yecord. On the other hand,
during subsidence, the inhabited area and number o inbabitants
will decrease (excepting on the shores of a. when first
) i during subsidence,
though there will be much extinction, few new varicties or species
will bo 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 Tntermediate Varieties in any Single
Formation.

From these several considerations, it cannot be doubted that the
geological record, viewed as a whole, is extremely imperfect ; but if
e confine our attention to any one formation, it becomes much
more diffcult to wnderstand why Dot therein find closely
graduated varieties botween the allied species which lived at its
commencement and at its close. Several cases are on record of tho
same species presenting varieties in the upper and lower parts of
the same formation : thus, Trautschold gives a number of instances
with Ammonites; and Hilgendor has deseribed a most curious case
of ten gmduated forms of Planorbis multiformis in the successive
beds of  fresh-water formation in Switzerland. Although each
formation has indisputably required a vast number of years for its
deposition, several reasons can be given why each should not com-
‘monly include a graduated series of links between the species which
lived at its commencement and close; but I cannot assign due

portional weight to the following considerations.

Although each formation may mark  very long lapse of years,
ench probably is short compared with the period requisite to chango
one species into another. 1 am aware that two palwontologists,
whose opinions are worthy of much deference, uamely Bruun e
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Woodward, have concluded that the average dunlio_n of each g.,,,_
‘mation is twice or thrice as long as the average duration of specifio

from coming to any just conclusion on this head.  When we see
species ﬁn:“.mmrié in the middle of any formation, it would be
rash in the extreme to infer that it had not elsewhere previously
existed, So again when we find a species disappearing before the
last layers have been deposited, it would be equally rash to suppose
that it then became extinct. We forget how small the area of
Europe is compared with the rest of the world ; nor have the
several stages of the same formation throughout Europe been cor.
related with perfect accuracy.

We may safely infer that with marine animals of all kinds thers
has been a large amount of migration due to climatal and other
changes; and when we seo a species first appearing in any forma-
tion, the probability is that it only then first immigrated into tha
area. It is well known, for instance, that several species appeared
somewhat earlier in the 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 deposits in various quarters of the world, it has every-
where been noted, that some few still existing species are comman
in the deposit, but have become extinet in the immediately sur-
rounding sea; or, conversely, that some are now abundant in the
neighbouring sea, but are rare o absent in. this particular deposit
It is an excellent lesson to refiect on the nscertained amount
migration of the inbabitants of Europe during the glacial epoch,
which forms only a part of one whole geological period ; and hi:—f

wise to reflect on the changes of level, on the extreme

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 acoumulating within the same area during the wholo
of this period. It is not, for instance, probable that sediment a3
deposited during the whole of the glacial period near the mouth of

S x

the ippi, within that limit of depth at which marine animals

Mississippi during some part of the glacial period shall have been
upraised, organic.remains will probably first appear and dissppent
at difforent levels, owing o the migrations of species and to g0~
graphical changes. And in the distant future, a geologist, examining
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theso beds, would be tempted to conelude hat the average duration
of life of the embedded fossils bad been less than that of the glacial
Jeriod, instead of having been really far greater, that is, extending
from before the glacial epoch to the present

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 acoumulating during a long period, suffiient for
the slow process of modification; hence the deposit must be a very
thick one; and the spccies undergoing chango must have lived in
the same district throughout the whole time. But we have seen
that a thick rommian, fossiliferous throughout its entire thickness,

te only during a period of subsidence; and to keep the

depth lppmxvmlmly the same, which is necessary that the same
marine specics may live on the same space, the supply m'sudlm-l
must nearly counterbalance the amomnt of subsidence. But tl
samo movement, of subsidence will tend to submerge the area
whence the sediment is derived, and thus diminish tho supply,
whilst the downward movement continues. In fact, this nearly
exact balaneing 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, ke the whole pile
of formations in any country, has generally been intermittent n its
accumulation.  When we sce, as is so often the case, a formation
composed of beds of widely different mineralogical composition, wo
may reasonably suspect that the process of deposition hus 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 onl;
a fow feet in thickness, ropresenting 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-
sentod by the thinner formation, Many cases could be given of
the lower beds of a formation having been upraised, denuded, sub-
rged, and then ro-covered by the upper beds of the same forma-
fcts, showing what wide, yet casily overlooked, \mcr‘/r\l!
have occurred in its accumulation. In other cases wo have 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 not have becn sus-
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A
‘pected, had not the troes beon preserved : thus Sir C. Lyell and
Dr. Dawson found carboniferous beds 1400 feet thick in Nova
Sootia, with ancient root-bearing strata, one above the other at no
less than sixty-cight different lovels. Hence, when the same species
occurs at the bottom, middle, and top of  formation, the proba-
bility is that it has not lived on the same spot during the whole
‘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.
Tt is all-important to Temember that naturalists have no golden
rule by which to distinguish species and varieties; they grang
some little variability to each species, but when they meet with
somewhatgreater amoun 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 species, and &
third, A, to be 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 ono
or both forms. Nor should it be forgotten, as before explained,
that A might be the actual progenitor of B and C, and yet would
Dot necessarily be strictly intermediato between them in all respects.
S0 that we might obtain the parent-species and its several modifiel
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 alk
them as distinct species.
1t 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 sumo
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 the
majority of naturalists to be identical with existing species; bub
some excellent naturalists, as Agassiz and Piotet, maintain thatall
tertiary species are specifically distinet, though the distincten
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inaimiled tobe vy gt 0 thnk here, unless we believe that
these eminent naturalists have been misled by their imaginations,
NS0k i 1 vty i ._uy present no difference what-
ever from their living representatives, oF unless we admit, in oppo-
sition to the judgment of most naturalists, that these trtiary species

are all truly distiuct from the recent, we 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 distinet bu
consecutive stages of the same great formation, we find that the

embodded fossils, though universally ranked as specifially different,
yet are far moro closely related to cach other than aro tho species
Tound in more widely separated formations ; so that here again wo
have undoubted evidence of change in the direction required by the
theory; but to this latter subject I shall return in the following
chapter.

With animals and plants that propagate rapidly and do not
‘wander much, there is reason to suspect, as we have formerly seen,
that their varioties 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.
Acoording to this view, the chance of discovering in a formation in
any ono country all the early stages of transition between any two
forms, is small, for the successive changes are supposed to have
‘heen 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 mariue auimals, it is probable that those which
had the widest range, far exceeding the limits of the known geo-
logical formations of Europe, have oftenest given rise, first to local
varieties and ultimately to new species; and this again would
greatly lessen the chance of onr being able to trace the stages of
transition in any one geological formation.

Tt s & more important consideration, leading to the same result,
28 Intely insisted on by Dr. Falconer, namely, that the period during
which each species underwent modification, though long as measured
by years, was probubly short in comparison with that during which
it remained. without undergoing any change.

1t should not be forgotten, that at the present day, with perfect
specimens for examination, two forms can-seldom be connected by
intermediato varicties, and thus proved to be the same specics,
until many specimens are collected. from many places; and with
fossl specics this can rarely be done.  We shall, perhaps, best per-
ceive the improbability of our being enabled to connect species
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merous, fine, intermediate, fossil links, by asking ourscives
:yhz'tll:er. o mstance, geologists at some future period will bo abla
to prove that cur diflerent breeds of cattle, sheep, horses, and dogy
are descended from a single stock or from several aboriginal stocks ;
or, again, whether certain sea-shells inhabiting the shores of North
“Atnerica, which are ranked by some conchologists as + pecies

only varietios, aro really varieties, or are, as it is called, specifically
distinct. This could be effected by the futuro geologist only by
his discovering in  fossil state numerous intermediate gradations;
and such success is improbable in the highest degree.

Tt has been asserted over and over again, by writers who beliove
in the immatability of species, that geology yields no linking forms,
This assertion, as we shall see in the next chapter, is certaiuly
erroneous. s Sir J. Lubbock has remarked, “Every species is a
link between other allied forms.” If we take a genus having a score
of species, recent and extinot, and destroy four-Gfths of them, no
one doubts that the remainder will stand much more distinct from
euch other. If the extremo forms in the genus happen to bavo
Deen thus destroyed, the genns itself will stand more distinet from
other allied genera.  What geological research has not revealed, is
the former existence of infinitely numerous gradations, as fine
existing varictics, conneting together nearly all existing and extinct
specics. But this onght mot to be expected; yet this has been
repeatedly advanced as & most serious objection against my views.

causes of the imperfection of the geological record under an imagi-
nary illustration. The Malay Archipelago is about the sino of
Europe from the North Cape to the Mediterrancan, and from Britain
1o Russia ; and therefore equals all the geological formations which
have been examined with any accuracy, excepting those of the
United States of America. T fully agree with Mr. Godwin-Austen,
that the present condition of the Malny Archipelago, with its nume-
rous large islands separated by wide and shallow seas, probably
Tepresents the former state of Europe, whilst most of our formations
were accumulating. 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 imperfectly wonld they represent
o mataal Hstory of thoworldh - - - . i

But we have every reason to believe that the terrestrial pro-
ductions of the archipelazo would be preserved in an extremely
imperfect 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 accumulate on the bed of the
sea, or where it did not accumulate at  sufficient, rate to protect,
organic bodies from decay, 1o remains could be preserved.

Formations rich in fossils of many kinds, and of thickness
suffcient to last to an age as distant in futurity as tho secondary
formations lic in the past, would generally be formed in the archi-
pelago only during periods of subsidence. These periods of
subsidence would be separated from each other by immense inter-
vals of time, during which the area would be cither stationary or
rising ; whilst rising, the fossiliferous formations on the steeper
shores would e destroyed, almost as soon as accumulated, by
the incessant coast-action, as we now see on the shores of South
Anmerica. Even throughont 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 tho
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 B ot i onn eaceed tl\e
average duration of the sume specific forms ; and these co
cies are indispensable for the preservation of all the t.r:msmonal
gradations between any two or more species. 1f such gradations
wero not all fully preserved, transitional varieties would merely

pear 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 bo 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 tho belief that it would be chiefly these far-ranging specics,
though only some of them, which would oftenest pn)d\lcl! new
varieties ; and the varieties would at first be local or confined
1o 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 returned to
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their ancient homes, as they would differ from their former state
in a nearly uniform, though perhaps extremely slight degree, and
as they would be found embedded in slightly different sub-stages of
the same formation, they would, according to the principles followed
by many paliontologists, be ranked as new and distinot species,

If then there be some degree of truth. in these remarks, we have
1o right; to'expeet to find, in our geological formations, an infinite
‘number of those fine transitional forms which, on our heory, 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 n
fow links, and such assuredly we do find—some more distantly,
some more closely, related to each other; and these links, let them
be ever 5o close, if found in different stages of the same formation,
would, by many palmomtologists, be ranked as distinct species.
But X 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
Jardly on my theory.

On the sudden Appearance of whole Groups of allied Specie.
The abrupt manner in which whole groups of species sudderly
appear in certain formations, has been urged by several palwontolo-
gists—for instance, by Agassiz, Pictet, and Sedgwick—as a fatal
objection to the belief in the transmutation of species. 1f numerous
species, belonging to the same genera or families, have really started
into life at once, the fact would be fatal to the theory of evolution
through 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 the progenitars
must have lived long before their modified descendants. But we
continually overrate the perfoction of the geological record, and
falsely infer, becanse certain genera or families have not been found
eneath a certain stage, that they did not exist before that stage.
In all cases positive paleontological evidence may be implicitly
trusted ; negative evidence is worthless, as expericnce has 5o often
shown. We continually forget how large the world is, compared
with the area over which our geological formations have been
carcfully examined; we forget that groups of species may else-
where have long existed, and have slowly multiplied, beforo
they invaded the ancient_ archipelagoes of Europe and
States, We do mot make due allowance for the intervals
time which have elapsed between our consecutive
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Jonger perhaps in many cases than the time required for the aceu
inion of nch formation,Theso intervals will have given time
for the multiplication of species from some ane parent-form ; and fn
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 & long succession of ages o adapt an orzanism
and peculiar line of life, for instance, to fly through the air;
ey s the transitional forms would often long remain

ied to some ono region ; but that, when this adaptation had
onco een. eficted,and o fow speies D this acquired a great
ver other organisms, a short, time would
= necessary o produce many divergent forms, which would spread
rapidly and widely throughout the world. Professor Pictet, in b
excellent Review of this work, in commenting on early transitional
forms, and taking birds as an illustration, cannot seo how the suc-
cessive modifications of the anterior limbs of a supposed prototype
could possibly have been of any advantage. But look at the
penguins of the Southern Ocean; have not these birds their front
Timbs in this precise intermediate state of “ neither true arms nor
true wings”? Yet these birds hold their place victoriously in the
‘attle for life; for they exist in infinite numbers and of many kinds.
1 do ot suppose that we here sco the real transitional grades through
‘which the wings of birds have passed ; but what spocial 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 logser-headed duck, and ultimately to rise from its
surface and glide through the air?

1 will now give a few examples to illustrate the forogoing remarks,
and to show how liable we are to error in supposing that whols
‘groups of species have suddenly been produced.  Even in so short
an interval as that between the first and second editions of Pictet's
great work on Palmontology, published in 184446 and in 1853-57,
the conclusions on the first appearance and disappearance of several
groups of auimals have been considerably modified ; and a third
edition would requiro still forther changes. 1 may recall the well-
known fuet. that in geological treatises, published not many years

ago, mammals were always spoken of as having abruptly come in
at ch- , commencement of the tertary seres. And. now ane of
the richest known accumulations of fossil mammals belongs to the
uuddl- otihe scoondary series ; and truo mammals have been div-
covered in the new red sandstone at nearly the commencement, of
this great series.  Cuvier used 10 urge that no monkey ocourred in
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any tertiary stratum ; but now extinot species have been discovered
in India, South America, and in Europe, as far back as the mioceno
stage. Had it not been for the rare aceident of the preservation of
footstops in the new red sandstono of the United States, who would
have ventured to suppose that no loss than at least thirty different
bird-like animals, some of gigantic size, existed during that period ?
Not fragment of bone has been discovered in these beds. Not long
ago, palwontologists maintained that the whole class of birds came
suddenly into existerice during the eocene period; but now we
know, on the authority of Professor Owen, that a bird certainly
lived during the deposition of the upper greensand ; and still moro
recently, that strange bird, the Archeopteryx, with a long lizarde
like tail, bearing a pair of feathers on each joint, and with its wings
furnished with two frec_ claws, has been discovered in the oolitio
slates of Solenhofen. Handly any recent discovery shows maro
forcibly than this, how little we as yet know of the former inhabi-
tants of the world.

I may give another instance, which, from having passed under
my own eyes, has much struck me. In a memoir on Fossil Sessila
Cirripedes, I stated that, from the large number of existing and
extinet tertiary species; from the extraordinary abundance of the
individuals of many specics all over the world, from the Arctio
rogions to the oquator, inhabiting various zones of depths from the
‘upper tidal limits to 50 fathoms ; from the perfect manner in which
specimens are preserved in the oldest tertiary beds; from the cass
with which even a fragment of a valve can be recognised; from all
theso circumstances, T inferred that, had sessile cirripedes existed
during the secondary periods, they would certainly have been pre-
servod 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 yped at th ry seri
This was a sore trouble to me, adding as I then thought one maro
instance of the abrupt appearance of & great group of species. Bt
‘my work had hardly been published, when a skilful palontologisty

! Bosquet, sent me a drawing of a perfect specimen of an unmis-
takeable sessilo cirripede, which he had himself extracted from the
chalk of Belgium. And, ns if to make the case as striking a5
possible, this cirripede was  Chthamalus, a very common,
and ubiquitous genus, of which not ono species has as yeb been
found even in any tertiary stratum. - Still more recently, a Pyrgoma,
& member of a distinct sub-family of sessle cirripedes, has beeth
discovered by Mr, Woodward in the upper chalk; 5o that wo 1OV
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BT sisge e of i ciinos of this group of animals
during the secondary po

ke caso most. freently insisted an by palaontalogists of the
apparently sudden appearance of a whole group of species, is that of
the teleost s, low down, according to Agassiz, in the Chalk
period. This group includes the large majority of existing species,
But certain Jurassic and Triassic forms are now commonly admitted
10 be teleostean ; and even some palwozoic forms have thus been
classed by one high authority. 1f the telcosteans had really
appeared suddenly in the northern hemisphere at the commencement.
of the chalk formation, the fact wonld have been highly remarkable;
but it would not have formed an isuperable difficulty, unless it
could likewise have been shown that at the same period the species
were suddenly and simultancously developed. in other quarters of
the world. It is almost superfiuous to remark that hardly any
fossil-fish are known from. south. of the equator; and by running
through Pictet’s Palwontology it will be seen that very few specic
are known from several formations in Enrope. - Some few families of
fish now have a confined range; the teleostean fishes might formerly
have had a similarly confined range, and after having been largely
developed in some one sea, bave spread widely. Nor have we
any right to suppose that the seas of the world have always been
£0 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 Australia, and thus reach
other and distant seas.

From theso 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
thronghout the world, as it would be for & 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
lowest known Fossiliferous Strata.

There s 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 suddenly appear in the
lowest known fossiliferous rocks. Most of the arzuments 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 earliest known species. For instance, it cannot be doubted that
all the Cambrian and Silurian trilobites are descended from somo
one crustacean, which must have lived long before the Cambrian
age, and which probably diffored greatly from any known auimal.
‘Some of the most ancient animals, as the Nantilus, Lingula, &c.,do
not differ much from living species; and it cannot on our theory
be 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 degreo intermediate in character,

Consequently, if the theory be true, it is indisputable that beforo
the lowest Cambrian stratum was deposited, long periods elapsed, as
long as, or probably far longer than, the whole interval from the
Cambrian age to the present day; and that during these vast
periods the world swarmed with livi
counter a formidable objection ; for it seems doubtful whether th
carth, in a fit 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 mare than
400 million_years ago, but probably not less than 98 or moro
than 200 million years. These very wide limits show how doubl-
ful the data are; and other elements may have hereafter to ba
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 short timo for the
many and great, mutations of life, which have certainly occurred
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. It is, however, probable, as Sir William Thompson insi
that the world at a very early period was subjected to more rapid
and violent changes in its physical conditions than those now
occurring; and such changes would have tended o induce changes
ata corresponding rate in the orgauisms which then existed.

To the question why we do not find rich fossilferous deposits
elonging to these assumed earliest periods prior to the Cambrisn
system, 1 can give no satisfactory answer. Several eminent ge0-
logists, with Sir R. Murchison at their head, were until recently
convinced that we behold in the organic remains of the lowest




Crar. X. in lowest Fossiliferous Strata. 287
e

Silurian stratum the first dawn of life. Other highly competent
judges, as Lyell and E. Forbes, have disputed this conclusion.
Wo 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 species,
‘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, and containing various
‘molluses and annelids, The presence of phosphatic nodules and
Tituminous matter, oven in some of the lowest azoic rocks, probably
indicates life at these periods ; and the existence of the Eozoon in
the Laurentian formation of Canada is generally admitted. There
are three great series of strata beneath the Silurian system in
Canada, in the lowest of which the Eozoon is found. ~ Sir W.

states that their “united thickness may possibly far surpass
“ hat of all the succeeding rocks, from the base of the palwozoic
“ serics to the present time. We are thus carried back to a period
“80 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,
certainly 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 are almost the samo with those since used by
Sir W. Logan, have proved true. Nevertheless, the difficulty of
assigning any good eason for the absence of vast piles of strata
rich in fossils beneath the Cambrian system is very great. 1t does
Dot seem 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
succeeding them in age, and these would always have existed in &

The case at present must remain inexplicable; and may be truly
arged s a valid argument against the views here entertained. To
show that it may hereafter reccive 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
soveral formations of Europe and of the United States; and from
the amount of sediment, miles in thickness, of which the formations
are composed, wo may infer that from first to last large islands
ar tracts of land, whence the sediment was derived, oocurred.in tho
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 stato
of things in the intervals between the several successive formations;
whether Europe and the United States during these intervals
existed as dry land, or as a submarine surface near land, on which
sediment was not deposited, or as the bed of an open and unfathon-
able sea.

Looking to the existing oceans, which are thrice as extensive as
the land, we sce them studded with many slands; but hardly ono
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 paliozoic or secondary formation. Hence wo may.

now extend; for had they existed, paleozoic and secondary formae
tions would in all probability have been accumulated from sediment
dorived from their wear and tear; and these would have been at
least partially upheaved by the oscillations of level, which must
have intervened during these enormously long periods. If then we
‘may infer anything from these facts, we may infer hat, where our
‘occans now extend, oceans have extended from. the remotest period.
of which we have any record; and on the other hand, that whero
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 no 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, c0n=
tinents may have existed where oceans are now spread out; and
clear and open oceans may have existed where our continents now
stand. Nor should we be justified in assuming that if, for instance,
the bed of the Pacific Ocean were now couverted into a continenty

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



cuwX.  Tmperfuction of Geological Record. 289

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 centre 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 areas in some parts of the world, for instanco in
South America, of naked metamorphio rocks, which must have been
Teated 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 tho
Cambrian epoch in a completely metamorphosed and denuded
condition,

The several difficultios here discussed, namely—that, thouzh wo
find in our geological formations many links between the species
which now exist and which formerly existed, we do not find
infinitely numerous fine transitional forms closely joining them all

as at present known, of formations rich in fossils bencath the
Cambrian strata,—are all undoubtedly of the most serious nature.
We sco this in the fact that the most eminent palzontologists,
‘namely, Cuvier, Agassiz, Darrande, Pictet, Falconer, . Forbes, &c.,
and all our greatest geologists, as Lyell, Murchison, Sedgwick,
&, 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
alzontologists are much shaken in their former belicf. Those
who believe that the geological 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
bistory 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 lines. Each word of the slowly-changing language, more or
less different in the successive chapters, may represent the forms of
life, which arc entombed in our consecutive formations, and which
falsely appear t0 us to have been abruptly introduced. On this
\'Eew, the diffictlties above discussed are greatly diminished, or even
isappear.

v
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CHAPTER XL

Ox THE GEOLOGICAT SUCCESSION OF ORGANIC Brros,

On th o ad snommire sppoktaie of e ssca—Ca e amm..

0 Tates of not
follow the same g-neul e
do single species— On_extinction — On simul
forms of ife throughout the world —On the aff
to each other and to living species—On the state of development of
ancient forms—On the succession of the same types within the sume
areas — Summary of preceding and present chapter.

L us now see whether the several facts and laws relating to the
sl sucomins of oranic elsgascsnd st il CHEKTES
view of the immutability of spec that of their slow and
radual s iveagh 7arttion s et R

New species have appeared very slowly, one after another, both
on the land and in the waters. Lyell has shown that it is hanily
possible to resist the evidence on this head in the caso of the soveral
tortiary stages; and every year tends to fill up the blanks between
he sages, aud o make o propotion botwen i 1ok

¢ forms more gradual, In some of the most recent beds, thotigh
e Seh autiguity 1t st 1y yeact iy e
two species are extinct, and only ono or two are new, having
appeared. there for the first time, either locally, or, as far as we
kuow, on the fuce of the earth, The secondary formations aro
more broken ; but, as Broun has remarked, neither the apy
nor disappearance of the many species embedded in each formation
Thas been simultaneous.

Species belonging to different genera and classes have not changed.
at the same rate, or in the same degree. In the older tertiary
‘beds a fow living shells may still be found in the midst of a mul-
titude of extinct’ forms. Falconer has given a striking instanco
of a similar fact, for an existing crocodile is associated with By
TR L deposits. The
Silurian Lingula diffrs but little from the living specis of tis
s el of the other Silurian Molluscs and all th

‘rustaceans have changed greatly. The productions of the and
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scem to have changed at a quicker rate than those of tho sea, of
which a striking instance has been observed in Switzerland. There
i5 some reason to believe that organisms high in the scale, change
mor quickly than those that are low: though there ate exceptions
to this rule. The amount of organic change, as Pictet has remarked,
is mot the samo in each successive so-called formation. - Yet if we
compare any but the most closely related formations, all the species
yill bo found to have undergone some change. When a spocies
Jas once disappeared from the face of the earth, we have 1o reason to
Telieve that the same identical form ever reappears. The strongest,
apparent exception to this latter rule is that of the so-called
colonis” of M. Barrande, whichintrude 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 distinct geographical province, seems satisfactory.

Theso several facts accord well with our theory, which includes
1o fixed law of development, causing all the inhabitants of an area
to chiange abruptly, o simultencously, 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
s independent, of that of all ofhers. Whether such variations or
individual differences as may arise will be accumulated through
natural selection in a greater or less degree, thus causing a reater
or less amount of permanent. modification, will depend on many
complex contingencies—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 nature of the other inbabitants with which
the varying species come into competition. it is by no
‘means surprising that one species should retain the same identical
form much: longer than. others; or, if changing, should chabze in
less degree. We find similar relations botween the existing inba-
Titants of distinct countries; for instance, the land-sholls and
coleopterous insects of Madeira have come to differ considerably
from their nearest allies on the continent, of Europe, whereas tho
marine shells and birds have remained unaliered. We can perhaps
understand the apparently quicker rate of change in terrestrial
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 the all-mportant relations of

v2
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organism to organism in the strugsle for life, that any form which
did not become in some degree modified and improved, would by
liable to extermination. Hence we sco why all the species in tho
same region do at last, if we looks to long enough intervals of time,
Tecome modified, for otherwise they would become extinct,

Tn members of the sune class the average amount of change,
during long and equal periods of time, way, perbaps, be nearly th
samo; but as the accumulation of enduring formations, rich in
fossils, depends on great masses of sediment being deposited on
subsiding areas, our formations have been almost necessarily acou-
mulated a6 wide and irregularly intermittent intervals of times
consequently tho amount of organic change exhibited by the fossils
embedded in consecutive formations is not equal. Each formation,
on this view, does not mark a new and complete act of creation,
but only an occasional scene, taken almost at hazard, in an ever
slowly changing drama.

We can clearly understand why a species when once lost should
nover reappear, even if the very samo conditions of 1ife, organio and
inorganic, should recur. For though the offspring of one species
‘might be adapted (and no doubt this has ocourred in innumerablo
instances) to fill the place of another species in the economy of
nature, and thus supplant it; yet the two forms—the old aud the
new—would not be identically the same; for both would almost
certainly inherit different characters from their distinet progenitors;
and organisms already differing would vary in @ different manner,
Tor instance, it is possible, if all our fantail pigeons were destroyed,
that fauciers 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 beliove that
parent-forms are generally supplanted and exterminated by their
improved offspring, it is incredible that a fantail, identical with the
existing breed, could be raised from any other species of pigeon, or
oven from any other well-established race of the domestic pigoon,
for the successive variations would almost certainly be in some
degree difforent, and the newly-formed variety would probably
inberit from its progenitor some characterisic differences.

G of speies, that i, geners and famille, follow the sme
general rules in their appearance and disappearan
species, changing more or less quickly, and in a i e
dogree.” A group, when it has once disappearod, nover reappears;
that is, its existence, as long as it lasts, is continuous. 1 am.
aware that there are some apparent exceptions to this rule, but the
exceptions are surprisingly few, so few that E. Forbes, Piotet, and
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Woodward (though all strongly opposed tosuch views as T maintain)
i i wnd tho ity ‘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 &
common progenitor. In the genus Lingula, for instance, the species
ik Beed sty appeared at all aces must have boen con-
mected by an unbroken serics of generations, from the lowest
Silurian nmtum to the present day
UL et 1 ok chaptes Skt whole grouye) of i
sometimes falsely appear to have been abruptly developed ; and
T 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 increaso in number, until
the group reaches its maximum, and then, sooner or later, a gradual
decrease, If the number of the species included within & genus,
or the number of the genera within a family, bo represented by &
vertical line of varying thickness, ascending through the successivo
geological formations in which the species are found, the line will
sometimes falsely appear to begin at its lower end, ot in a sharp
point, but abruptly; it then gradually thickens npwards, often
keeping of equal thickness for a space, and ultimately thins ont in
the upper beds, marking the decrease and final extinction of the
This gradual increase in number of the species of a group
is striotly conformable with the theory, for the species of the same
genus, and the genera of the ssme family, can increaso only slowly
and progressively; the process of modification and the production
of a number of allied forms necessarily being & slow and gradual
me species first giving riso to two o three varicties, these
being slowly converted into species, which in their turn produce by
equally slow steps other varieties and species, and so on, like tho
ranching of a great tree from a single stem, till the group becomes
large.

On Eatinction.

We have as yet spoken only incidentally of the dissppearance of
species and of groups of species. On the theory of natural selection,
the extinction of old forms and the production of new and improved
forms are intimately connected together. The old notion of all the
inkabitants of tho eurth having boon svept avay by catastrophes
at successive periods is very generally given up, even by those
guala"mts. as Elio do Beawmont, Murchison, Barrande, &c., whose
general views would naturally lead them to this conelusion. On
the mtrsry. we have every reason to belicve, from the study of the
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tertiary formations, that species and groups of species gradually
disappear, one after another, first from one spot, then from another,
and finally from the world. In some few cases, however, as by the
reaking of an isthmus and the consequent irruption of a multituds
of now inhabitants into an adjoining sea, or by, the final subsidence
of an island, the process of extinction may have been rapid. Both
single specics and whole groups of species last for very unoqual
periods; some groups, as wo have scen, have endured from the
earliest known dawn of lifo to the present day; some have dise
appeared before the close of the palwozoic period. No fixed law
soems to determine the length of time during which any single
species or any single genus endures. There is reason to believe that
the extinction of a whole group of species is generally a slower pro-
cess than their production: if their appearance and dissppearance
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 tho
species. In some cases, however, the  extermination of wholo
groups, as of ammonites, towards the close of the secondary period,
has been wonderflly sudden.

inction of species has been involved in the most gratuitous
mystery. Some authors have even supposed that, as the i
has a definite length of life, €0 have species a definite duratior

o e e niatvelld ‘s P T s Gome a6k E RN
species. When T found in La Plata the tooth of a horse embeddel
with tho remains of Mastodon, Megatherium, Toxodon, and ofher
extinet. monsters, which all co-existed with still living shells at &
very late geological period, T was filled with astoishment; for,
secing that the horse, since its introduction by the Spaniards into
South America, has run wild over the whole conntry and h
increased in numbers at an unparalleled rate, T asked myself what
could 50 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
solike that of the existing horse, belongod fo an extinct species.
Had this horse been still living, but in some degree rare, no

would have felt the least surprise at its rarity ; for rarity is the
attributo of a vast number of species of all classes, in all countries.
It we ask ourselves why this or that species is rare, wo ansver
that something is unfavourable in it codito o e} ut what
that somthing is, we can hardly ever ll, On the supposition of
the fossil horse still existing as a m species, we might have felb
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certain, from the analogy of all other mammals, oven of the slow-
breeding lephant, and from the history of the naturalisation of the
domatlc oo . Bonth Ameres that under more favourable con-
ditions it would in a very few years have stocked the whale
continent. But we gould not have fold what the unfavourable con=
ditions were which checked its inorease, whether some one or several
contingencies, and. at what period of the horse'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
Tave become rarer and rarer, and finally extinct;—its place being
scized on by some more successful competitor.

1Tt is most diffcult always to remember that the increase of every
cretures constantly being checked by unpereived ol agen
and that these same unperccived agencies are amply sufficient to
i e s S e
stood, that I bave heard surprise repeatedly expressed at such great
monsters as the Mastodon and the more ancient Dinosaurians having
Decome extinct; as if mere bodily strength gave victory in the
Dattle of life. Mero size, on the contrary, would in some cases
determine, as bas been remarked by Owen, quicker extermination.
from the greater smount of requisite food. ~ Before man inhabited
Tndia or Africa, some cause must have checked th continued
increaso of the existing elephant. A highly capable judge, Dr.
Faleoner, belioves that it is chiefly insects which, from incessantly
Tarassing and weakening the elephant in India, check its increase;
and this was Bruces conclusion with respect tothe Afriean elephant
in Abyssinia, It is certain that insects and blood-sucking bats
determine the existence uf the larger naturalised quadrupeds in
several parts of 5. Americe

‘We see in many cases in the more recent tertiary formations,
that rarity precedes extinction ; and we know hat this has been
the progress of events with those animals which have been exter-
minated, either locally or wholly, through man’s agency. I ma
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 {0 exist, is much the same as to admit that sickuess
in the individual js the forerunner of death—to feel no surprise
at sickness, but, when the sick man dics, to wonder and to suspect
that he died by some deed of viclence.

The theory of natural selection is grounded on the belief that
each new variety, and ultimately each new species, is produced and
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saintained by having some advantage over those with which it
comes into competition; and the consequent extinetion of the less-
favoured forms almost inevitably follows. 1t is the sume with our
domestic productions ; when a new and slightly improved variety
has been raised, it at first supplants the less improved varicties in
the same neighbourhood ; when much improved it is t

far and near, like our short-horn cattle, and takes the place of other
Dreeds in other countries. Thus the appearance of now forms and
the disappearance of old forms, both those naturally and thoss arti-
ficially produced, are bound together. In flourishing groups, the
number of new specific forms which have been produced within a
given time has at some periods probably been greater than tho
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 extinetion 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 cause the extermi-
nation of tho parent-specics; and if many new forms have been
developed from any one species, the nearest allies of that species,
i.e. the speces of the same genus, will be the most liable to extermi-
Dation. Thus, as 1 believe, a number of new species descended
from one species, that is & 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 o distinct group,
and thus have caused its extermination. 1f 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 {rom some inherited inferiority in common. But whether it
e species belonging to the sume or to a distinet 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 Tife, or from inhabiting some distant
and isolated station, where they will have escaped severe competi=
tion. For instance, some species of Trigonia, a great genus of shells
in the secondary formations, survive in the Australian seas; and afew
‘members of the great and almost extinct group of Ganoid fishes stil
inhabit our fresh waters. Therefore the utter extinction of a group
is generally, as we have scen, a slower process than its production.
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With respect to the apparently sudden extermination of whole
fumilies or orders, as of Trilobites at the close of the palmozoic
period and of Ammonites at the close of the secondary period, wo
‘must remember what has been already said on tho probable wido
intervals of time between our consecutive formations ; and in these
intervals there may have been much slow extermination. More-
over, when, by sudden immigration or by unusually rapid develop-
‘ment, many species of & new group have taken possession of an
arca, many of the older species will have been exterminated in o
correspondingly 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 not marvel at extinction; if we
must marvel, let it be at our own presumption in imagining for a
moment that we understand the many complex contingencies on
which the existence of each species depends. If wo forget for an

3 instant, that each species tends to increaso inordinately, and that
some check is always in action, yet seldom perceived by us, the
whole economy of nature will be utterly obscured.  Whenever we
can preciscly say why this species s more abundant in individuals
than that; why this species and not another 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 changing almost simultaneously throughout
the Wo

Scarcely any palwontological discovery is more striking than the
fact, {hat the forms of life chango almost simultaneously throughout
the world. Thus our European Chalk formation ean be recognised
in many distant regions, under the most different climates, where
not a fragment of the mineral chalk itself can be found ; namely,
in North America, in equatorial South America, in Tierra del
Fuego, at the Cape of Good Hope, and in the peninsula of Tndia.
For at these distant points, the organic remains in certain beds pro-
sent an unmistakeable resemblance to those of the Chalk. It is
not that the same species are met with ; for in some cases ot ono
species is identically the same, but they belong to the same fami-
s, genern, and. sections of i imilarl
characterised in such trifling points as mere superficial sculpture.
Moreover, other forms, which are not found in the Chalk of Eu
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bt which oceur in the formations either ahove or below, occur in
the same order at hese distant points of the world. In the several
sucoessive palvozoic formations of Russia, Western Europe, and
North Aumerica, a similar parallelism in the forms of lfe has been
observed by several authors : so 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 palwozoic and tertiary stages, would still be
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 maner. 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 stll living;

t as thess anomalous monsters co-cxisted with tho 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 thronghout 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 a very strict geological senses for if all the
marine animals now living in Europe, and all those that livel
in Europe during the pleistocene period. (a very remote period a3
measured by years, including the whole glacial epoch) were com-
pared with those now existing in Sonth America or in Australa,
the most skilful naturalist would hardly bo able to say whetber
the present or the pleistocene inhabitants of Burope resembled most
closely those of the southem hemisphere. So, again, several highly
competent observers mainfain that the existing productions of tho
United States are more closely related fo those which lived in
Burope during certain late tertiary stages, than to the present
inhabitants of Europe ; and if this be so, it is evident that fos
ferous beds now deposited on the shores of North America would
hereater Do liable to be classed with somewhat older Enropesn
beds. Nevertheless, looking to a remotely future epoch, there can.
‘e little doubt that all the more modern marine formations, namely,
the upper pliocene, the pleistocene and strictly modern. beds, of
Europe, North and South America, and Australia, from containing
Sossil remains in somo 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 palwozoic forms of life in various
‘parts of Europe, they add, “If, struck by this strange sequence, wo
“tum our attention to North America, and there discover a series
“of analogous phenomen, it will appear certain that all these modi-
“ fcations of species, their extinction, and the introduction of new.
“ ones, cannot, be owing to mere changes in marine currents or other

“ causes more or less local and. temporary, but Senaa
“laws which govern the wholo animal kingdom.” M. Barande
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 causo 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 seo
this more clearly when we treat of the present distribution of organic
Teings, and find how slight is the relation between the physical
conditions of various countries and the nature of their inhabitants.

This great fact of the parallel succession of the forms of life
throughout the world, is explicable on the theory of natural slec-
tion. New, specics are formed by having some advantage over
older forms; and the forms, which are already dominant, or have
5 S I e i e o oty g
‘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 varieties. 1t is also natural
that the dominant, varying, and far-spreading species, which have
already invaded to a certain extent the territories of other specics,
should be those which w uuld have the best chance of spreading still
further, and of giving rise in new countries to other new varietis
ani e 'The phocos of ciffuriom wonld ofien b very slow,
depending on climatal and geographical changes, on strange acci-
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

The diffusion would, it is
inhabitants of distinct con-
tinents than with the marine inhabitants of the continucus sea.
* We might therefore expect to find, as we do find, a less strict deareo

Darwin Online: By permission of the Trustees of the Natural History Museurm
Ondany:



300 Forms of Life changing. Cirar. XL

of parallelism in the succession of the productions of the land than
with those of the sea.

Thus, a5 it scems to me, the parallel, and, taken in a largo sense,
simultancous, succession of the same forms of lfe throughout the
world, accords well with the principle of new species having been
formed by dominant species spreading widely and varying; the 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 new 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.

There is one other emark connected with this subject worth
making. T have given my reasons for believing that most of our
great. formations, rich in fossils, were deposited during periods of
subsidence; and that blauk intervals of vast duration, as far a5
fossils are concerned, ocourred during the periods when the bed of
the sea was either stationary or rising, and likewise when sediment
was not thrown down quickly enough to embed and preserve organio
remains, During these long and blauk intervals I supposo that the
inbabitants of each region underwent o considerable amount of
hfeston and extnots, eat ot Hhelwat i ‘migration

n other parts of the world.  As we havo reason to believe that
lm‘"c arcas are afiected by the sume 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 are
very far from having any right to conclude that this has invariably
‘Tbeen the case, and that large areas have invariably been affected by
the same movements. When two formations have been do
in two regions during nearly, but not exactly, the same period,
should find i both, from the causes explained in the forozoing
Taragraphs, the ssme general succession in the forms of life; bub
the species \\onld not exactly correspond ; for there will have been
alittle more time in the one region than in the other for modifiea-
tion, extinetion, and immigration. o

1 suspect that cases of this mature occur in Europe.

Prestwich, in his admirable Memoirs on the eocene depol\h o!
¥ngland and France, s able to draw a close general parallelism
Tetween the successive stages in the two countries; but when be
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compares certain stages in England with those in France, although
e finds i both a curious accordance in. the numbers 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, indecd, it be assumed that an isthmus
separated two seas inbabited by distinct, but contemporancous,
founas. Lyell has made 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 a surprising amount of
difference in the species. If the several formations in these regions
have 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 an 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 lie,
and 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 Afinities of Eatinct Species to each ofher, and to Living
Forms.

Tet us now look to the mutual affinities of extinct and living
species. All fall into  fow grand classes ; and this fact is at onco
explained on the principle of descent, The more ancient any form
is, the more, as o general rule, it differs from living forms. Dut,
a5 Buckland long ago remarked, extinct specics can all bo classed
either in still existing groups, or between them. That the extinet
forms of life help to fll up the intervals between existing genera,
families, and_ orders, is certainly true; 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 confino
our attention. either to the living or o 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 torms mply that sueh forms aro in fuct nter-
‘mediate or conncoting links. - Another distinguished paliontologist,
M. Gaudry, has shown in the most striking manner that many of
the fossil mamumals discovered by him in Attica serve to break
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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 fossl links have been disentombed that
Owen has had to alter the whole classification, and has placed
certain pachyderms in the same sub-order with ruminants; for
example, he dissolves by gradations the apparently wide interval
Tetween the pig and the camel. The Ungulata or hoofed quade
rupeds are now divided into the even-toed or odd-toed divisions;
but the Macrauchenia of §. America connects to @ certain extent
these two grand divisions. No ono will deny that the Hipparion is
intermediate between the existing horse andcertain older ungulate
forms. What a wonderful connecting link in the chain of mammals
is the Typotherium from S. 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 distinct group of mammals,
and ono of the most remarkable peculirities in the existing dugong
and lamentin is the entire absence of hind limbs, without even
rudimont being left; but the extinct 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 aro in other
respects allied. The cetaceans or whales are widely different from
all other mammals, but the tertiary Zeuglodon and Squalodon,
which have been placed by some naturalists in an order by them-
selves, are considered by Professor Huxley to be undoubtedly ceta-
ceans, “and to consttute connecting links with the aquatio car-
nivora.”

Even 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
extinet Archeopteryx, and on the other hand, by the Compso-
gaathus, one of the Dinosuurians—that grovp which mcludu the
o ggusi ol terrestrial reptiles. Turning to the Inverte-

de asserts, and » higher authority e oo Tt
that he Z3 every day taught that, although palmozoic animals can
certainly be classed under existing groups, yet that at this ancient
period the groups were not so distinctly separated from each other
as they now are.

Some writers ave objected o any extinet spcies, or EOUP. of
Species, being considered as intermedinto between any two living
specios, or groups of species. If by this term it is meant that
an extinet form is directly intermediato in all its characters be-
tween two living forms or groups, the objection is probably valid.
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But in a natural classification many fosil species certainly st
betuween Jiving species, and somo extinet genera between living
geners, even between gonera belonging to distinct familics. Tho
most common case, especially with respect 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
‘members are separated. by  somewhat lesser number of characters ;
50 that the two groups formerly made a somewhat nearer approach
10 cach other than they now
It is & common belief that the more ancient u form is, by so
much the more u tends to conneet, by some of its charcters gronps
now wic parated from each other. 'ﬂns remark no doubt
ot bo rsticlad o thos groupa whish heve ulergone rack
20 in the cacess f geclogical g and 1 mould bo difienls
ve the truth of tho proposition, for every now aud then even
4 living animal, as the Lepidosiren, is discovered having affinities
directed towards very distinet groups. Yet if we compare the
sl Mo (SRR o8 Gne i e D
1opods, and the eocenc Mammals, with the more recent
& e e e e s b i

Let us sce how far these several facts and inferences accord with
the theory of descent with modification. As the subject is some-
what complex, T must request the reader to turn to the diagram
in the fourth chapter. » We may suppose that the numbered letters
i o g e e diverging from
them the species in each gonus. Tho dinzram is rau ple,
50w, e i M et hing e, Bk i
important for us. The horizontal lines may represent successive
geclogiol fomatons, aud ol the fors beneath the tppemost

may be considered as extinet. The three existing genera
n" 7%, will form & small family; * and /4 a closely allied
family or sub-family; and %, %, mY, a thlrd family, These
three families, together with the many extinct genera on ﬂm
seveal lnen 6t dosont diveleg, rom tho paent tom (A) wi
form an order; for all will have inherited something in wmm on
from this ancent pogesitor. On th prinsipl of th annintl
tendency to divergence of character, which was fo
trated by this diagram, the more recent any form is, the more
it will g!nmlly 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-
gonce of character is & necessary contingency’; it depends solly
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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
s quite possible, as we havo seen in the case of some Silurian form,
that a species might go on being slightly modified in relation to
sts slightly altered conditions of life, and. yot rofain throug.honn a
ast period the samo general charateristics. This is

in the diagram by the letter 7%

I the many forms, extinet and recent, descended from (A),
make, as before remarked, one order; and this order, from the
continued cffects of extinotion and divergence of character, has
Tecome divided into several sub-families and families, some of
which are supposed to have perished at different periods, and somo
to have endured to the present day.

By looking at the diagram we can sce that if many of he extinch
forms supposed to be imbedded. in the successive formations, wero
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. 1f, for instance, the genera a, af, a%,
% mé, mS, m, were disinterred, these three families would be o
closely liuked together that they probably would Bave (o be united
into one great family, in nearly the same manner as has occurred
with ruminants and certain pachyderms. Yet, he who objected to
consider as intermediato the extinct genera, which thus link together
the living gencra of threo families, would bo partly justified, for
they are intermediate, not directly, but only by a long and cir-
cuitous course through many widely different forms. 1f may
extinet forms were to be discovered abovo one of the middie
horizontal lines or geological formations—for  instance, above
No. VL—but none from beneath this line, then only two of
the families (those on the loft hand, ¥, &c., and B, &) would
have to be united into one; and thera would remain two families,
which would be less distinct from each other than they wero
‘before the discovery of the fossils. So again if the threo families
formed of eight genera («'* to m"), on the uppermost line, bo
supposed to differ from cach other by half-a-dozen important
characters, then tho fmilies which existed at the period marked
V1. would certainly have differed from each other by a less numl
of characters; for they would at this early stage of descent have
diverged in a less dogreo from their common progenitor. Thusit
comes that ancient and extinct genera are often in a greater or less
degreo intermediate in character betsveen their modifiod descendants,
o between their collateral relations. _

Under natare the process will be far more complicated than s
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ted in the diagram; for the groups will have been more
‘numerous 5 they will have endured for extremely unequal lengths
of time, and will have been modified in various degrees. As we
possess only the last volume of the geological record, and that in
a very broken condition, we have no right to expect, except
in rare cases, to §ll up the wide intervals in the natural system,
and thus to unite distinet families or orders. ALl that we have
o Tight o expect, is, that those groups which have, within known
geological periods, undergone much modification, should in_ tho
older formations make some slight approach to cach 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
palontologists is froquently the case.

Thus, on the theory of descent with modification, the main facts
with respect to the mutual affinitics of the extinct forms of lifo
to cach other and to living forms, are explained in a satisfactory
manner.  And they are wholly inexplicable on any other view.

one great period in the carth’s history will be intermediato 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 fifth stage, and are the parents of those which
became still more modified at the seventh stago; hence thoy could
hardly fail to be nearly intermediate in character between the forms
of lifo 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 largo
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 charactery,
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, wero at
once recognised by palwontologists as intermediate in character
betwoen those of the overlying carboniferous, and underlying
Silurian systems.  But each fauna is not necessarily exactly inter-
mediate, a5 unequal. intervals of time have clapsed between con-
secutive formations,

It is 1o real objection to the truth of the statement that the
fauna of each period as a whole is nearly intermediate in character
Detween the preseding aud succceding faunas, that certain genora

x
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offer exceptions to the rule. For instance, the species of mastodons
and elephants, when arranged by Dr. Falconer in two series,—in
the first place according to their mutual affinities, and in tho second
place according to their periods of existence,—do not aceond in
arrangement. The species extreme in character are not the oldest
or the most recent; nor are those which are intermediate in cha-
Tacter, intermediate it age. But supposing for an instant, in this.
and other such cases, that the record of the first appearance and
disappearance of the species was complete, which is far from the
case, we have no reason to beliove that forms successively Prdnee
necessarily endure for_corresponding lengths of time.
ancient form may occasionally have lasted much longer e form
clsewhere subsequently produced, especially in the case of terres-
trinl productions inhabiting separated districts. To compars small
things with great ; if the principal living and extinet races of the
domestic pigeon were arranged in serial affinty, this arrangement
would not closely accord with the order in time of their production,
Ead e o with the order of their disappearances for the parent
-pigeou still lives ; and many varieties between the rock-pigeon.

T i Garcer Havs, oskundratiaoty o oot
htreme (i apeiant chikcoler of Jeagth of bk Hglte)
carlier than short-beaked tumblers, which are at the opposite end
of the series in this respect.

Closely connected with. the statement, that the orgunio remains
from an intermediate formation are in some degreo intermediate
in character, is the fact, insisted on by all palmontologists, that
fossils from o 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 rosemblance of
the organic remains from the soveral stages of the Chalk forma-
tion, though the species are distint in each stage, This fact alone,
from its_generality, seems to have shaken Professor Pictet in
s belief in the immutabilty of species. He who is acquaintel
with the distribution of existing specics over the globe, will not
attempt to account for the close resemblance of distinct species in
dlasly conscntivo formation, by the physical eonltins of the

bered that the forms of life, at least those inhabiting
changed almost simultancously thronghout the world, and there-
fore under the most different climates and conditions. Consider
the prodigions vicissitudes of climate during the pleistocene ‘period,
which includes the whole glacial epoch, and note how little the
specific forms of the inhabitants of the sea have been
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On the theory of descent, the full meaning of the fossil remains
from closcly consecutive formations being closely related, though
runked as distinet species, is obvious. As tho accumulation of each.
formation has often been interrupted, and as long blauk intervals
have intervened between successive formations, wo ought not to
expect to find, as T attempted to show in the Jast chapter, in any
one o in any two formations, all the intermediate varieties between
the species which appeared af the commencement and.close of these
periods: but we ought to find after intervals, very long as measured
by years, but only moderately long as measured goologically,
closely allied forms, or, as they have been called by some authors,
representative specics 5 and these assuredly we do find. Wo find,
in short, such evidence of the slow and scarcely 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-
tion and specialisation of the parts in organic beings, when arrived
at maturity, is the best standard, as yet suggested, of their dearee
of perfection or highness. We have also seen that, as the speciali
sation of parts is 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
simplify the organisation, yet leaving such degraded beings better
fitted for their new walks of life. In mnother and more goneral
manner, new species become superior to their predecessors ; for they
hiavo to beat in the struggle for lfe all the older forms, with which
they come into close competition. We may therefore conchude
that, if under a nearly similar climate the eocene inhabitants of the
world could be put into competition with the existing inbabitants,
tho former would be beaten and exterminated by the lntter, a5
would the sccondary by the cocene, and the palmoroic by the
secondary forms. 80 that by this fundamental test of viotory in
the Tattle for lfe, as well as by the standard of the specialisation of
organs, modern forms ought, on the theory of natural sclection, to
stand higher than ancient forms. Is this the case? A largo
majority of palwontologists would answer in the affirmative ; and it
sooms that this answer must be admitted as true, though difficult of

proof.
1t is o valid objection to this eonclusion, that certain Brachiopods
x2
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have been but slightly modified from an extremely remote geological
epoch ; and that certain land and fresh-water shells have remained
nearly the same, from the time when, as far as is known, they fint
appeared. It is not an insuperable difficulty that Foramnifers havo
not, as insisted on by Dr. Carpenter, progressed in organisation since
even the Laurentian epoch ; for som
remain fitted for simple conditions of li
fitted for this end than theso lowly organised Protozoa? Such
objections as the above would be fatal to my view, if it included
advance in organisation as a necessary contingent. They would
likewise be fatal, if the above Foraminifers, for instance, could he
proved to have first come into existence during the Laurentiat
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, thero s
10 necessity, on the theory of natural selection, for their further
continued progress ; thongh they will, during each suceessive age,
Tave to be slightly modified, so as to hold their places in relation to
slight changes in their conditions. The foregoing objeetions hings
on the question whether we really know how old. the world is, and
at what period the various forms of life 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, docs not extend far enough back, to show with
nnmistakeable clearness that within the known history of the world
organisation has largely advanced. Even at the presentday, looking
to members of the same class, naturalists are not unanimous which

‘ought to be ranked as highest: thus, some look at the

aceans or sharks, from their approach in some important points
of structure to reptiles, as the highest fish ; others look at the.
taleosteans as the highest. The ganoids stand intermediato between
the latter at the present day am

ganoids alone existed ; and in this case, according to the standand
of highmess 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
decido whether a cuttle-fish be bigher than a bee—that inscct which
the great, Von Baer believed to bo *in fuct more Lighly

than a fish, although upon another type ™? In the complex struggl®
for lfe it is quite credible that orustaceans, not very high in theit
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own ‘might beat the highest molluscs ; and such
o
the scale of invertebrate animals, if judged by the most decisive of
all trials—the law of battle. Besides theso inberent diffculties in de-
ciding which forms are the most advanced in organisation, we ought
not solely to compare tho highest members of a class at any two
periods—though undoubtedly this is one and perbaps the most
important element i striking a balance—but we ought to compare
all the members, high and low, at tho two periods. At an ancient,
epoch the highest and lowest molluscoidal animals, namely, cephalo-
pods and brachiopods, swarmed in numbers ; atthe present time both

Tave largely increased ; consequently some naturalists maintain
ht mllus wero ey mors highly developed than at present ;
but a stronger case can be made out on the opposite side, by con-
e e raa roductn: of Teachlopods, 4. tho fch that our.
existing cophalopods, though few 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 thronghout, the world : if, for instance, at the present
day fifty thousand kinds of vertebrate animals exist,and if we knew
that ot some former period only ten thousand kinds existed, we
ought to look at this increase in number in the highest class, which
implies @ great displacement of lower forms, as a decided advance
in the organisation of the world. We thus sce how hopelessly
difficult, it is to eompare with perfect faimess, under such extremely
camplex relations, the standard of organisation of the imperfectly-
known faunas of successive period

We shall_appreciate this difficulty more clearly, by looking to
certain existing founas and floras, rom the extraordinary manner
i which European productions have recently spread over New
Zealand, and have seized on places which must have been previously
‘accupied by the indigenes, we must believe, that if all the animals
and plants of Great Britain were set freo 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, rmm the fact that hardly a single inhabitant of the
southern hemisph become wild in any part of Europe, wo
oay welldoubt whether i€l th produotions of Now Zealand, were
set free in Great Britain, any considerable number would b enabled
10 s¢ize on places now oceupied by our native plants and animals,
Under this point of view, the productions of Great Britain stand
amuch higher in the scale than those of New Zealand, Yet the
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most skilful nataralist, from an examination of the specics of the
two countries, could not have forescen this resul,

Agassiz and soveral other highly competent judges insist that
ancient animals xescmblu to & certain extent the embryos of recent
animals belonging to the same classes ; and that the geological suc-

ession of extinct forms is nearly parallel with tho embryological

development of axlating formar. This view soods mitsAbE Ol
with our theory. In a fature chapter T shall attempt to show that
the adult differs from its embryo, owing to variations having
supervened at a not early age, and having 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 species. This view
may be true, and yot may never be capable of proof. Seeing, 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 distinct from each other than are
tho typical members of the ssme groups at the present day, it
would be vain to look for animals having the common embryological
character of the Vertebrata, until beds rich in fossils are discovered.
far beneath the lowest Cambrian strata—a discovery of which tho
chance is small.

O the Succession. of the same Types within the same Areas, *

during the later Tertiary periods.
M. Clift many years ago showed that the fossil mammals from
the Australian caves were closely allied to the living marsupials
of that continent. In South America, & similar relationship is
‘manifest, even to an uneducated eye, in the gigantic picoes of
armour, like those of the armadillo, found in several parts of Ta
Plata ; and Professor Owen has shown in the most striking mamer
that most of the fossil mammals, buried there in such numbers, are
related to South American types. This relationship is even more
clearly seen in the wonderful collection of fossil bones made by MM.
Tund and Clausen in the caves of Brazil. T was so much imj
with theso fucts that T strongly insisted, in 1839 and 1845, on this
“law of the succession of types,"—on * this wond Ful relationship
14 i gt S il A Prof
Owen has subsequently extended the same gelwﬂlmhon to the
‘mammals of the 01d World, We sce the same lay in this anthor's
Testorations of the extinct and gigantic birds of New Zealand. We:
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sce it also in the birds of the caves of Brazil. Mr. Woodward has
shown that the same law holds good with sea-shells, but, from the
wide distribution of most molluscs, it is not well displayed by
them. Other cases could be added, as the relation between tho
extinct and living land-shells of Madeira; and betwoen the extinct
and living brackish water-shells of the Aralo-Caspian Sea.

Now what does this remarkable law of the succession of the
same types within the sme 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 o 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 \ln\(oxmn.y of
the same types in each continent during the later tertiary periods.
e L e
should have been chiefly o solely produced in Australia; or that
Fidentata and other American types should have been solely produced
in South America. For we know that Europe in ancient times was
peopled. by numerous marsupials and 1 have shown in the publi-
cations above alluded to, that in America the law of distribution of
tervestrial 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

alf. 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 is at the present time. Analogous facts
could be given in relation to the distribution of marine animals.

On the theory of descent with modification, the great law of the
long enduring, but not immutable, succession of the same fypes
within the same areas, is at onco explained ; for the iuhabitants
of cach quarter of the world will obviously tend to leave in that
quarter, during the next succeeding period of time, closcly allied
though in some degree modified descendants. 1f the inhabitants
of one continent formerly differed greatly from those of another
couun!nt,m will their modified descendants still differ in nearly

same manner and degree. But after very long intervals of
e o i grmt geographical changes, permitting much inter-
migration, tho feebler will yield to the more dominant forms, and
ci)h;m will be nothing immutable in the distribution of organic
in

Tt may e asked in ridicule, whether T suppose that the megathe-

rium and other allied huge monsters, which formerly lived in
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South America, have left behind them the sloth, armadillo, and
anteater, as their degenerate descendants. This cannot for an
instant be admitted. These huge animals bave become wholly
extinct, and have left no progeny. But in the caves of Brazil,
there are many extinct specics 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 actual progenitors of
the living species. It must ot be forgotten that, on. our theory,
all the species of the same genus are the descendants of some one
species ; 5o that, if six gonera, each having eight species, be found in
one geological formation, and in a succeeding formation there bo six
other allied or representative genera each with the same number of
species, then we may conclude that generally only one species of each
of the older genera has left 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
or thre alone of the six older genera will be the parents of the new
gonom : the other species and the other whole genera having becomo
utterly extinct. In failing orders, with the genera and species
decreasing in numbers as s the cuse with the Edentata of South
Aeres, 1l fower geners s pecen will oo o o
descendan

Summary of the preceding and present Chapters.

T have attempted to show that the geological record is extremely
imperfect; that only & small portion of the globe has been geo-
logically explored with care; that only certain classes of organio
beings have been largely preserved in a fossil state; that tho
mumber both of specimens and of species, proserved in our museus,
is absolutely as nothing compared with the number of generations
which must have passed away even during a single formation; that,
owing to subsidence being almost necessary for the aceumulation
of deposits rich in fossil species of many kinds, and thick enough to
outlast future degradation, great intervals of time must have elapsed
‘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 cach single forma-
tion has not been continuously deposited ; that duration of
each formation is, probably, short compared with the average dur-
“tion of specific forms; that migration has played an important part
in the first appearance of new forms in any one area and formation;
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that widely ranging species are those which have varied most fre-
quently, and have oftenest given rise to new species; that varicties
have at first been local; and lustly, although cach species must
Tavo passed through numerous transitional stages, it is probable
that the periods, during which cach underwent modification, thongh
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 varieties, connecting together all extinct and
existing forms by the finest graduated steps. It should also be
constantly borne in mind that any linking variety between two
forms, which might be found, would be ranked, unless the whole
chain could be perfectly restored, as a new and distinet species;
for it is not pretended that we have any sure criterion by which
species and varieties can be discriminated.

Ho who rejects this view of the imperfection of the geological
record, will rightly reject the whole theory. For he may ask in
vain whore 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 fulsely apparent, sudden coming in of whole
groups of species. He may ask where aro the remains of thoso
infinitely numerous organisms which must have existed long bafore
tho Cambrian system was deposited ? We now know that at least
one animal did then exist; but T can answer this last question
anly by supposing that whero our oceaus now extend they have
extended for an enormous period, and where our oscillating con-
tinents now stand they have stood since tho 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, exist now only
25 remnants in a metamorphosed condition, or lie still buried under
the ocean.

Passing from these difficultics, the other great leading facts in
palzontology agree admirably with the theory of descent with
modification through variation and natural selection. We can thus
aunderstand how it s that new species come in slowly and succes-
sively; how species of different, classes do not necessarily change

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



314 Summary of the Car. XI,

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 once disappeared it never reappears. Groups of species increase
in numbers slowly, and endure for unequal periods of time for the
process of modification is necessarily slow, and depends on many
complex contingencies. The dominant species' belonging to large
and dominant groups tend to leave many modified descondants,
which form new sub-groups and groups. ~As these are formed, the
specics of the loss vigorous groups, from their inferiority inherited
from & common progenitor, tend to beeome extinct together, and
to leave no modified offspring on the face of the carth. But the
utter extinction of a whole group of species has sometimes boen
a slow process, from the survival of a few descendants, lingering
in protccted 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
idely and yield the greatest number of varicties tend to people the
world with nm but modified, descendants ; and these will gene-
nally succeed in displacing the groups which are their inferiors in
the stragsle for existonce. Hence, after long intervals of time, the
‘productions of the world appear to have changed simultaneously.
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 thoso
now living; why ancient and extinct forms often tend to fill up
zaps 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 distinet ; for the moro ancient a form is, the more nearly it
will be related to, and consequently resemble, the common pro-
genitor of groups, since become widely divergent. Extinct foms
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 organio
remains of elosely consceutive formations are closely allied; for
they are closely linked together by generation. We can clearly see
why the remains of an intermediste formation are intermediate it
character.
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The inhabitants of the world at each successive period in its
history have beaten their predecessors in tho race for life, and
are, in 8o far, higher in the scale, and their structure has gene-
rally become more specialised ; and this may account for the com-
mon beliet hald by so macy palscutalegiats, diat crgamiantion on
the whole has progressed. Extinct and ancient animals resemblo
o o ol cxtet it Yo oF the e roosnt ionale bl
ing to the sume classes, aud this wonderful fact receives a simplo
explanation according to our views. The succession of the sume
types of structure within the same areas during the later geological
periods ceasos to be mysterious, and s intelligible on the principlo
of inheritance,

11 then the geological record be as imperfect as many believe, and
it may at least be asserted that the record cannot be proved to bo
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 paleontology plainly proclaim, as it seems to
e, 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 XII

GEOGRAPRICAL DISTRIBUTION.

Pronmt. Stclhation conmet b somanted e By ik B
condiions—Impastncs of bertas— Affey of the evlacint o i
same continent — Centres of creation — Means of dispersal by changes
of climate and of the level of the land, and by occasional means—
Dispersal during the Glacial period — Alternate Glacial periods in the
North and South.

Ix considering the distribution of organic beings over the face of
the globe, the first great faok which strikes us is, that neither tho
similarity nor the dissimilarity of the inhabitants of vi
can be wholly accounted for by climatal and other physical con-
ditions. O late, almost every author who has studied the subject
has come to this conclus The case of America alone would
almost suffice to prove its
and northern temperate parts, all authors agree that one of the
most fundamental divisions in geographical distribution is that
Tetween the New and Old Worlds; yet if we travel over tho
vast American_continent, from the central parts of the United

States to its extreme southern point, we meet with the most
diversified conditions; humid districts, nrid deserts, lofty moun-
tains, grassy plains, forsle, b, Jkon 6, gt SO under
almost every temperature. Thero is hardly a climate or condition
i the OId Workd which eanmot b0 paralleled in the New—at
Jeast as closely as the same species generally require. No doubt
suall areas can be pointed out in the Old World hotter than any in
tho New World, but these are not inhabited by a fauna different
from that of the surrounding distriets for it is rare to find a group
of organisms confined to a small area, of which the conditions are
peculiar in only a slight degree. Notwithstanding this
parallelism in the conditions of the Old and New Worlds, how
widely different are their living productions |

In the southern hemisphere, if we compare large tracts of land in
Ausralia, South Africa, and western South America, betveen lati-
tudes 25° and 35°, we shall find parts extremely similar in all thei

-,
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conditions, yet it would ot be possiblo 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 a space of ten dogrees
of Intitude and are exposed to considerably different conditions, yet
they are incomparably more closely related to cach other than, they
are to the productions of Australia or Africa under nearly the same
climate, Analogous facts could bo given with respect to the inha-
Ditants of the sea.

A second great fact which strikes us in our general review is,
that barriers of auy kind, or obstacles to free migration, are related
in a close and important manner to the differences between the
‘productions of various regions. W 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 a slightly different climate, there might have boen
freo 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 sce the same fact ; for on the opposite sides of lofty and.
continuons mountain-ranges, of great deserts, and even of large
sivers, we find different productions ; though as mountain-chains,
deserts, &c, are not as impassable, or likely to have endured so
long, as the oceans separating continents, the differences are very
inferior in degree to those characteristic of distinet continents.

Turning to the sea, we find the same law. The marine inha-
bitants of the eastern and western shores of South America ar
very distinct, with extremely few shells, crustacea or echinoder-
‘mata in common ; but Dr. Giinther has recently shown that about
thirty per cent. of the fishes are 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,
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 barricrs,
cither of land or open sea, they are almost wholly distinct. On the
other hand, proceeding still further westward from the castern
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islands of the tropical parts of the. Pacific, we encounter no im-
passable barriers, and we have iunumerablo islands as halting-
Places, or continuons coasts, until, after travelling overa hemisphere,
e come to the shores of Africa ; and over this vast space we meet
with 1o well-defined and distinct, marine faunas.  Although so few
‘marine animals are common to the above-named threo approximate
faunas of astern and Western America and the eastern Pacifio
islands, yet many fishes rango from the Pacific into the Indiun
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
the affinity of the productions of the same continent or of the same
sca, though the species themselves are distinct at different points
and stations, It s a law of the widest generality, and every con-
tinent offers innumerable instances, Nevertheless the naturalist, in
travelling, for instance, from north to south, never fails to be strick
by the manner in which successive 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
sces their nests similarly constructed, but not quite alike, with zgs
coloured in nearly the same manner. The plains near the Stmits of
Magellan are inhabited by one specics of Rhea (American ostrich),
and northward the plains of La Plata by another species of the sume
genus; and not by a true ostrich or emu, like those inhabiting
‘Affica and Australia under the sume latitude. 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 bizcacha ; we look to the waters, and we do nob
i tho beaver or muskerat, bt the coypu and espybars T
of the §. American type. Innumerablo other instances conld be
given. If we look to the islands off the American shore, hovever
much they may differ in geologieal structure, the inhabitaats are
essentially American, though they may be all peculiar species. We
oy ook baskito past ages, s sbovm in the Jat chapler, d ¥
find American types then prevailing on the American continent and
in the American seas. We scc in these facts some decp organic
Dond, throughout space and. time, over the same areas of land aud
wator, independently of physical conditions. Tho naturalist T
e dull, who ismot led to inquire what this bond is.

The bond is simply inheritance, that cause which alone, as fur 88
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o positively know, produces organiems quito like 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
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 themore dominant forms of life from one region into another
‘Taving 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 struggle for life being, as T have already often
remarked, the ost important of all relations. Thus the high im-
portance of barriers comes into play by checking migration ; as docs
time for the slow process of modification through natural selection.
Widely-ranging specics, abounding in individuals, which have already
trinmphed over many competifors in their own widely-extended
Thomes, will Lave the best chance of seizing on new places, when they
spread into new countries, In their new homes they will be ex-
posed to new conditions, and will frequently undergo further modi-
fication and improvement ; and thus they will become still further
victorions, and will produce groups of modified descendants. On this
‘principle of inheritance with modification, we can understand how it
s that sections of genera, whole genera, andt even families, are con-
fined to the same areas, as is so commonly and notoriously the case.
s mo evidence, ns was remarked in the last chapter, of the
existence of any law of necessary development. As the variability
of each species s an independent property, and will be taken advan-
tage of by natural selection, only so far as it profits each individual
in its complex straggle 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, were
1o migrate in & body into a new and afterwards isolated country,
they would be little liable to modification ; for neither migration
nor isolation in themselves effect anything. These principles come
into play only by bringing organisms into new relations with each
other, and in alesser degree with the surronuding physical conditions,
As we have seen in the last chapter that some forms have retained
;f:ﬁ the same chacter from an enormously remote geological
, 80 certain species have migrated over vast spaces, and have
not become greatly or at all “madifed, Ze

According to theso views, it is obvious that the several specics of
the same genus, though inhabiting the most distant quarters of the
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world, must originally have proceeded from the same source, as they
are descended from the same progenitor. In the case of
spocics, which have undergone during whole geological periods little
‘modification, there is not much difficulty in believing that they have
migrated from the sume region for during the vast geographical
and climatal changes which have supervened since ancient times,
almost any amount, of migration is possible. But in many other
cases, in which we have reason to believe that the species of a gonus
have been produced within comparatively recent times, there is
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 procceded from. one spot, whero their pareats
were first 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 aro thus bronght to
the question which has been largely disoussed by naturalists, namely,
whether specics have been created at one or more points of the
cartls suface, Undoubtedly there are many cases of extremo
difficulty in understanding how the same species could possibly
it and isolated
‘points, where now fonnd. Nevertheless the simplicity of the view
that each species was first produced within a single region captivates
the mind. He who rejects it, rejects the vera caus 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 a plant or
animal inhabits two points so distant from cach other, or with an
interval of such @ nature, that the space could not have been easily
passed over by migration, the fact is given as something remarkable
and exceptional. The incapacity of migrating across & wide 88 is
more clear in the case of terrestrial mammals than perhaps with any
other orgavic beings; and, accordingly, we find no inexplicsblo
instances of the sumo mammals inhabiting distant points of tho
world.  No geologist feels any difficulty in Great Britain possessing
the same quadrupeds with the rest of Europe, for they were 10
doubt once united.  But if the samo specics can bo produced at o
separate points, why do we not find a single mammal common
Burope and Australia or South America? The conditions of life
are nearly tho same, o that & multitude of European animals
plants have become naturalised in America and Australia ; and som®
of the aboriginal plants are identically the sume at these distant
points of the northern and southern hemispheres? The answer, 85

have migrated from some one point fo the several dis

g
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T elieve, s, that mammals have not been able to migrate, whereas
some plants, from their varied means of dispersal, have migrated
seross the wide and broken interspaces. Tho great and striking
influence of barriers of all kinds, is intelligible only on the view
that the great, majority of species have been produced on one side,
and have not been able to migrate to the opposite side.  Some fow
fanilies; many sub-families, very many genera, and a still greater
number of sections of genera, are confined to a single Tegion ; and
it has been observed by several naturalists, that the most. natural
enera, or those genera in which the species are most closely related
to each other, are generally confined to the same country, or if they
have a wide range that thelr range is contimuous. What a strango
ocanely: 5 woud b 11 il pposie 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 scems to me, as it has to many other naturalists, that
the view of each species having been produced in one area alone,
and having subsequently migrated from that area as far as its

wers of migration and subsistence under past and present con-
ditions permitted, is the most, probable. Undoubtedly many cases
occur, in which we cannot explain how the same species cou
Jassed from one point to the other. But the geographical and
climatal changes, which have certainly occurred within recent
geological times, must have rendered discontinuous the formerly
continuons range of many species. So_that wo are reduced to con-
sider whether the exceptions to continuity of range are so numerons
and of so grave a nature, that we ought to give up the belief,
rendered probable by gencral considerations, that each species has
been produced within one area, and has migrated thence as far as it
oould. Tt would be hopelessly tedious to discuss all the exceptional
cases of the same species, now living at distant and separated points,
nor do T for a moment pretend that any explanation could be offered
of many instances. But, after some preliminary remarks, 1 will
disouss a few of the most striking classes of facts; namely, the
existence of the sume species on. the summits of distant mountain-
ranges,and at distant points in the arctic and antaretic regions ; and
sccondly (in the following chapter), the wide distribution of fresh-
water productions; and hidly, the seourenoo of thermumo terstria
species on jslands and on the nearest mainland, though separated by
hundreds of miles of open sea. 1f the existence of the samo species
at distant and isolated points of the carth's surface, can in many
instances be explained on the view of cach species having mgmw

have
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from o single birthplace ; then, consi with re-

spect to former climatal and geompmm changes and to the various
occasional means of transport, the belief that a single birthplaco is
the law, scems to me incomparably the safest.

Tn discussing this subject, we shall be enabled at the samo time
to consider 2 point equally important for us, namely, whether the
several species of a gonus, which must on our theory all be
from a common progenitor, can have migrated, undergoing modi-
fication during their migration, from some one area.  1f, when most
of the species inhabiting one region are different from. those of
another rogion, though closely allied to them, it can. be shown that
migration from the one region to the other has probably ocourred.
at some former period, onr general view will be much strengthened ;
for the explanation is obvious on the principle of descent with modi-
fication. A volcanic island, for instance, upheaved and formed at
the distance of a few hundreds of miles from & continent, would
probably receive from it in the course of time a fow colonists,
and their desoendants, though modified, would still be related by
inheritance to tho inhabitants of that continent. Cases of this
nature are common, and are, s we shall hereafter sce, 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
species has come into existence coincident both in space and time
with & pre-existing closely allied species.” And it is now well
known that he attributes this coincidence to descent with modi-
fiation,

The question of single or multiple centres of creation differs
from another though allied question,—namely, whether all the
individuals of the same species are descended. from a singlo pair, of
single hermaphrodite, or whether, as some authors suppose, from
many individuals simultaneously created. With organic beings
which never intercross, if such exist, each species must be do-
scended from a succession of modified varietics, that havo sup-
planted each other, but hm never blended with other individuals
or varieties of the pecies ; %0 that, at each successive stago
of modification all tho iadividuals of tho sme form will b 00
scended from a single parent. But in the great majority of cases,
namely, with all organisms which habitually unite for each birth,
or which occasionally intercross, the individuals of the same species
mmmmg the w.rms area will be kept nearly uniform by inter-

¢ many individuals will go on anuJunm-ly
chnngmg = tho whole amount of modification at each stage will

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




Cuar. XIL Means of Dispersal. 323

not be due to descent from @ single parent. To illustrate what
Tmean: our English race-horses differ from the horses of every
other breed; but they do not owe their difference and superiority
to doscent from any single pair, but to continued care !n u,.
selecting and training of many individuals during each ger

Before discussing the three classes of facts, which T ik
as presenting the greatest amount of difficulty on the theory of
“single centres of creation,” I must say a fow words on the means
of dispersal.

Means of Dispersal.
Sir C. Lyell and other authors have ably treatod this subject.

T can give here only the briefest abstract of the more important ficts.
Change of climate must have had a powerful influence 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. T shall, however, presently havo to discuss
this branch of the subject in some detail. Changes of level in the
land must also have been highly influential: o narrow isthmus
now separates two marine faunas; submerge it, or let it formerly
Liave been submerged, and the two faunas will now blend together,
or may formerly have blended. Where the sea now extends, land
t  former period have connected islands or possibly even
continents together, and thus have allowed terrestrial productions
0 pake e an o the ol No googi: dipute that gt
mutations of level have ocourred within the period of existing
organisms. Edward Forbes insisted that all the oo the
Atlantio must have been recently connected with Europe or Africa,
and Europe likewise with America. Other authors bave thus
hypothetically bridged over every ocean, and united almost every
island to some mainland. If indeed the arguments used by Forbes
aro to be trusted, it must be admitted that searcely a single island
exieta which has oo reoetly hen united o some continent.  Thia
‘view cuts the Gordian knot of the dispersal of the sume p
the most distant points, aud removos many  difficulty ; but to ‘e
best of my judgment we are not Bt such
enormous geographical changes e period of existing species.
Tt 806 10120 that wo have sbundantevidenoo o grat onillatlons
in the level of the land or sea; but not of such vast changes in the
ion and extension of our continents, as to have united them
‘within the recent period to each other and to the several intervening
occani islands. I freely admit the former existence of many islands,
now buried bencath the sca, which may have served as halting-

12
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places for plants and for many animals during their migration. In
the coral-producing oceans such sunken islands are now marked b

rings of coral or atolls standing over them. Whenever it is fully
admitted, as it will some day be, that cach species has proceled
from a single birthplace, and when in the course of time we kuow
something definite about the means of distribution, we shall be
enabled to speculate with security on the former extension of the
Jand, But I do ot belicve that it will ever be proved that within
the recent, period most of our continents which now stand quito
separate, have been continuously, or almost continuously united
with each other, and with the rhany 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 aflnity be-
tween the mammals inhabiting islands with those of the nearest
continent, being in part determined (s we shall hereafter sec) by
the depth of the intervening ocean,—these and other such fuets are
opposed to the admission of such prodigious 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 islands are likewise opposed
to the belief of their former continuity with continents. Nor does
the almost universally volcanic composition of such islands favour
the admission that. they are the wrecks of sunken continents;—if
they had originally existed as continental mountain-ranges, some at
least, of the islands would have been formed, like other mountain-
summits, of granite, metamorphio schists, old fossiliferous and other
rocks, instead of consisting of mere piles of volcanic matter.

.+ Tmust now say a fow words on what are called accidental means,
but which more properly should be called occasional means of dis-
tribution. 1 shall here confine myself to plants. In botanical
works, this o that plant is often stated to e ill adapted for wido
dissemination ; but the greater or less fucilities for transport across
the sea may be said to be almost wholly unknown. Until I tried,
with Mr. Berkeley's aid, o few experiments, it was not even known
Jow far seeds could resist the injurious action of sea-water. To
my surprise I found that out of 87 erminated after &
immersion of 28 days, and a few survived an immersion of 187
days. 1t deserves notice that certain orders were far more injurel
than others : nine Leguminosa were tried, and, with one exception;
they resisted the salt-water badly ; seven specics of the allied orderss
Hydrophyllaces and Polemoniace, were all killed by & months
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finmersion. For convenience’ sake 1 cliefly tricd small’ soeds;
without the capsule or fruit ; and as all of thess sanlk 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 somo of these floated
for a long time. It is well known what a difference there is in the
buoyancy of green and seasoned timber ; and it occurred to mo that
floods would often wash into the sea dried plants or 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 sea-water. The majority sank quickly, but some which, whilst
green, floated for o very short, time, when dried flonted much longer ;
for instance, ripe hazel-nuts sank immediately, but when  dried
they floated for 90 days, and afterwards when planted germinated 3
an_asparagus-plant with ripe berries floated for 23 days, when dried
it floated for 85 days, and the seods afterwards germinated ; the
ripo seeds 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 floated for above 28 days; and
some of the 18 floated for a very much longer period. So that as
24 Kinds of seeds germinated after an immersion of 28 days; and
as 34 distinct species with ripe fruit (but not all the same species
a8 in the foregoing experiment) floated, after being dried, for above
28 days, we may conclude, as far us auything can be inferred from
these seanty facts, that the seeds of 4%, kinds of plants of any
country might be floated by sea-currents during 28 days, and would
retain their power of germination. In Johnston's Physical Atlas,
the average rate of the several Atlantic currents is 33 miles per
diem (some currents running at the rate of 60 miles per diem); on
this average, the seeds of 4l plants belonging to one country
might be floated across 924 miles of sea to another country, and
when stranded, if blown by an inland gale to o favourable spot,
would germinate.

Subsequently to my experiments, M. Martons tried smilar ones,
but in & much better mamner, for he placed the seeds in a box in
the actual sea, 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 favonred both
the average length of their flotation and their resistance to the
injurions action of the salt-water. On the other hand, he did not
previously dry the plants or branches with the fruit; and this, as
we have seen, wouldhave caused some of them to bave floated

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



326 Means of Dispersal. Cuar. XII,

much longer. The result was that 33 of his sceds of different
Kinds floated for 42 days, and were then capable of germination,
But T do not doubt that plants exposed to_ the waves would float
for a less time than those protected from violent movement as in
our experiments, Therefore it would perbaps be safer to assume
that the sceds 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
Tonger than the small, is intcresting; as plants with large sceds 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
troes, theso stones being a valuable royal tax. I find that when
irregularly shaped stones are embedded in the roots of trecs, small
parcels of earth aro frequently enclosed in their interstices and
‘ehind them,—so perfectly that not a particle could be washed away
during the longest transport : out of ono small portion of earth
thus completely enclosed by the roots of an oak about 50 years old,
three dicotyledonous plants germinated : I am certain of the accu-
Tacy of this cbservation. 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 artificial 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 seeds. 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
@ bird; but hard seeds of fruit pass uninjured through even the
digestive organs of a turkey. Tn the course of two months, I picked
up in my garden 12 kinds of seeds, out of the excrement of small
Dirds, and these scemed perfect, and some of them, which were
tried, germinated. But the following fact is more important: the
crops of birds do not secrete gastrio juice, and do not, as T know By
trial, injure in the least the germination of seeds; now, after a bird
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Tas found and devoured a large supply of food, it is positively
assarted that all the grains do not pass into the gizzard for twelye
or even cighteen 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 tho contents of their o crops might thus
readily geb scattered. Somo hawks and owls bolt their prey whole,
and, after an interval of from twelve to twenty hours, disgorge
Jellets, which, as I know from experiments made in the Zoological
Gardens, include seeds capable of germination. Some seeds of the
oat, wheat, millet, canary, hemp, clover, and beet germinated after
having been from twelve o twenty-one hours in the stomachs of
different birds of prey; and two sceds of beet grew after having
‘been thus retained for two days and fourteen hours. Fresh-water
fish, T find, eat soeds of many land and water plants: fish aro
frequently devoured by birds, and thus the seeds might bo trans-
ported from place to place. T forced many Kinds of seeds 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 excro-
‘ment; and several of these seeds retained the power of germination.
Cortain seeds, however, were always killed by this process.

Locusts are sometimes blown to great distances from the land ; T
myself 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 flakes of snow in the heaviest snowstorm, and extended
upwards as far as could be seen with a telescope. During two o
threo days they slowly careered 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.
then disappeared over the sea, as suddenly as they had appeared,
and have not since visited tho island. 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 left
Ty the great flights of locusts which often visit that country. In
consequence 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 o 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,
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Although the beaks and feet of birls are generally clean, earth
sometimes adheres to them : in on case I removed sixty-one grain,
and in another case twenty-two grains of dry argillaceous eartly
from the foot of a partridge, and in the earth there was a pobble as
large as the sced of a vetch. Hore is a better case: the log of o

woodcock was sent to me by a friend, with a little cake of dry carthy
attached to the shank, weighing only nine grins; and this con-
tained a seed of the toad-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 whia-
chats (Saxicola), on their first, arrival on our shores, beforo they
had alighted ; and e has several times noticed little eakes of cartly
attached to their foct. Many facts could be given showing bow
generally soil is charged with seeds, For instauce, Prof, Newton
sent me the leg of a red-logged partridge (Caccabis rufa) which had
been wounded and could not fly, with a ball of hard earth adhering
to it, and weighing six and 4 half ounces. The earth had been
kept for three years, but when broken, watered and placed under o
bell glass, no less than 82 plants sprang from it: these consisted of
12 monocotyledons, including the common oat, and at least one.
Kind of grss, s of 70 dicotyledons, which consised, fuiging
tho young leaves, of at least three distinct species. With such ficts
efore us, can we doubt that the many birds which are anmually
blown by gales across great spaces of ocean, and which annually
migrate—for instance, the millions of quails across the Mediterma~
nean—must occasionally transport a fow sceds embedded in ditt
adhering to their feet or beaks? But I shall have to recur to this
subject.

As icebergs are known to be sometimes loaded with earth and
stones, and have even carried brushwood, bones, and the nest of &
land-bird, it can hardly be doubted that they must occasionally, a8
sugeested by Lyell, have transported sceds from one part to another

the arctic and antaretic regions ; and during the Glacial period
from one part of the now temperate regions to auother. In the
Azores, from the large number of plants common to Europe, in com=
‘parison with the species on the other islands of the Atlantie, which
stand nearer to the mainland, and (as remarked by Mr. H. C.
Watson) from their somewhat northern character in com
with the latitude, T suspected that these islands bad been partly’
stocked by ice-borne seeds, during the Glacial epoch. At my request
Sir C. Lyell wiote to M. Hartung to inquire whether he
observed ermatic boulders on these islands, and he answered that b
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had found fragments of granite and other rocks, which do not
oceur in the archipelago. Hence we may safely infer that icebergs
formerly landed their rocky burthens on the shores of these mid-
ocean islands, and it is at least possible that they may have brought
thither some few sceds of northern plants.

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 is not strictly correct: the currents of the sea
are not accidental, nor i the direction of prevalent gales of wind.
It should be observed that searcely any means of transport would
carry seeds for very great distances : for seeds do not retain their
vitality when exposed for a great length of time to the action of
sea-water; nor could they be long earried in the crops o intestines
of birds, These means, howover, would suffice for occasional trans-
port across tracts of sea some hundred miles in breadth, or from
island to island, or from a continent to a neighbouring island, bus

remain as distinct as they now are. The currents, from their

urse, would never bring seeds from North America to Britain,
though they might and do bring seeds from the West Indies to oux
western shores, where, if not killed by their very long immersion in
salt water, they could not endure our climate. Almost every year,
on or two land-birds are blown across the whole Atlantic Ocean,
from North Ameriea to the western shores of Treland and England 3
but seeds could be travsported by these raro wanderers only by
one means, namely, by dirt adhering to their feet 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 |
But it would be a great error to argue that becanse a well-stocked
island, like Great Britain, has not, as far as is known (and it would
e very difficult to prove this), received within the last fow centu-
ies, through occasional means of transport, immigrants from Europe
or any other continent, that a poorly-stocked sland, though stand-
ing more remote from the mainland, would not, receive colonists by
similar means. Qut of a hundred kinds of seds or animals 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 occasional means of transport, during the long.
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Tapse of geological time, whilst the island was being upheaved, and
before it had become fully stocked with inhabitants. On almost
‘are land, with few or no destructive inscets or birds living there,
nearly every sced 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 poiny
to the other. 1t is indeed a remarkable fact to see so many plants
of the same species living on the snowy regions of the Alps or
Pyrences, aud 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
Tabrador, and nearly all the same, as wo hear from Asa Gray, with
those on the loftiest mountains of Burope. 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 same belief, had not Agassiz and
others called vivid attention to the Glacial period, which, as we
shall. immediately see, affords a simple explanation of these facts.
We have evidence of almost every conceivable kind, organic and
inorganic, that, within a very recent geological period, centrl
Barope and North America suffered under an aretio climate. The
Tuins of a house burnt by fire do not tell their tale more plainly
than do the mountains of Scotland and Wales, with their s
flanks, polished surfaces, and perched boulders, of the ey streams
with which their valleys were lately filled. So greatly bas the
climateof E ‘hanged, that in Northern Italy, gigantic morai
leftt by old glaciers, are now clothed by the vine and maize. Through=
out a large part of the United Sl'\lcs, erratic. boulders and scored
rocks plainly reveal a former cold pes

"The forme influcnco of tho glacal eHmate on the disteibation o
the inhabitants of Europe, as explained by Edward Forbes, is sub-
stantially as follows. But we shall follow the changes more readily,
by supposing a new glacial period slowly to come on, and then
pass away, as formerly occurred. As the cold came on, and as
each more southern zone became fitted for the inhabitants of the
north, these would take the places of the former inbabitants 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 case they would perish. The mountains would become
covered with snow and ice, and their former Alpine inhabitants
‘would descend to the plains. By the time that the cold had reached
its maximum, we should have an arctic fauna and flora, covering.
the central parts of Europe, as far south as the 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 suppose to have every-
where travelled southward, are remarkably uniform round the world.

As the warmth returned, 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 clearod
and thawed ground, always ascending, as the warmth increased and
the suow still further disappeared, higher and higher, whilst their
Drethren were pursuing their northern journey. Hence, when the
warmth had fully returned, the same species, which had lntcly
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
each other.

Thus wo can understand the identity of many plants at points
s0 immensely remote as the mountains of the United States and
those of Burope, We can thus also understand the fact that the
Alpine plants of each mountain-range are more cspecially related
to the arctic forms living due north or nearly due north of them :
for the first migration when the cold came on, and the re-migration
on the retuming warmth, would generally have been due south and
north.  The Alpine plants, for example, of Scotland, as remarked
by Mr. H. C. Watson, and those of the Pyrences, as remarked by
Ramond, are more especially allied to the plants of northern Scandi-
navia; those of the United States to Labrador ; those of the moun-
tains of Siberia to the arctic regions of that. country. These views,
rounded as they are on the perfectly well-ascertained occurrence of
a former Glacial period, seem to me to explain in so satisfactory a
manner the present distribution of the Alpine and Arctic produc-
tions of Burope and America, that when in other regions we find

o same species on distant mountain-summits, we may almost
conelude, without other cvidence, that a colder climate formerly
permitted their migration across the intervening lowlands, now
‘become too warm for their 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
ot have been exposed during their long migrations to any great
diversity of temperature; and as they all migrated in a oy
together, their mutual relations will not. have been much disturbed,
Hence, in accordance with the principles inculeated in. this volume,
these ronm will not have been liable to much modification, Bt
with the Alpine productions, left isolated from the moment of the
mmming warmth, first at the bases and ultimately on the summits
of the mountains, the case will have been somewhat different;, for
it is mot likely that all the samo arctic specics will have been It
on mountain-ranges far distant, from each other, and have survived
there ever since; they will also in all probability, have become
mingled with ancient Alpine species, which must have 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, havo been subsequently ex-
posed to somewhat different climatal influences, Their mutual rela-
tions will thus have been in some degreo disturbed ; consequently
they will have been liable to modifications and they have been
modified; for if we compare the present Alpino plants and animals
of the several great European mountain-ranges one with another,
though many of the specics remain identically the same, soms
exist as varieties, some as doubtful forms or sub-species, and
somo as distinct yet closely allied species ropresenting each ofher
on Lh several ranges,

the foregoing illustration T have assumed that at the com-
e Al imaginary Glacial period, the arctic productions
were as uniform round the polar regions as they are af the present
day. But it is also necessary to assume that many sub-arctic and
somo few temperate forms were the sumo round the world, for
somo of the slwuiox which now exist on the lower mountain-slopes
of North America and Europe are the same;
ittt degree of uniformity
e temperate forms round the world, at the
commencement of the real Glacial period. At the present day,
the sub-arctic and northern wmpu’m: productions of the Old
and New Worlds aro 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 becn 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 tho nature of the
climata 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 way suppose that the orgmisms which now live under
latitude 60°,lived during the Pliocene period farther north under the
Polar Cirele, in latitude 66°-67°; and that the present arctio pro-
ductions then lived on the broken land still nearer fo 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 cotinuity of the cirenm-
polar land, with the consequent freedom under a more favourable
climate for intermigration, will account for the supposed uniformity
of the sub-arctio and temperate productions of the Old and New
Worlds, at a period anterior to the Glacial epoch.

Beljeving, from reasons before alluded. to, that our continents
lave long remained in nearly the same relative pos
subjected to great aeillations of lovel, T am strongly
xtend the sbov view,aud to afer that durog some sl ot

S e O
L ae i bl ATt
continuous circumpolar ud that these plants and animals,
Dok Ol Now Vil begah. sowly o amigrats scctic
wards as the climate became less warm, long before the commence-
ment of the Glcial period. We now see, as I beliove, their
descendants, mostly in a modified condition, in n. central parts
of Europe and the United States. On this view we can under-
i el s vy i ety betean e pro-
dllcblnm of North America and Europe,—a relationship which is

hly remarkable, considering the distance of the two arcas, an
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 af the present time; for during these warmer periods the
northern parts of the Old and New Worlds will have been almost
continuously united by land, serving as a bridge, since rendered
impassable by cold, for the intermigration of their inbabitants.

During the slowly decreasing warmth of the Pliocene Biot
s00n us the pecie 0 common, which inhatited the New and Old
Worlds, migruted south of the Polar Circl, they will have been
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completely cut off from each other. This separation, as far s the
more_temperate productions are concerned, must have taken placy
long ages ago. As the plants and animals migrated sonthward,
they will have become mingled in the one great rogion with the
mative American productions, aud would have had to competo
with them and in the other great region, with those of the Ol
World.  Consequently we have here everything favourable for
smuch modification,—for far more modification than with the
Alpine productions, left isolated, within & much moro recent
period, on the several mountain-ranges and on the arctic lands
of Europe and N. America, Hence it has 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 (thoagh
Asa Gray has lately shown that more plants are identical than was
formerly supposed), but we find in every great class many forms,
which some naturalists rank as geographical races, and others as dis-
tinot species; and a host of closely allied or representative forms
which are ranked by all naturalists as specifically distinet,
on the land, 5o in the waters.of the sea, a slow southern
migration of a marine fauna, which, during the Pliocene or oven &
somewhat carlier period, was nearly uniform along the continuous
shores of the Polar Circle, will account, on the theory of modifica-
tion, for many closely allied forms now living in marine areas com-
pletely sundered, Thus, I think, we can understand the presence
some closely allied, still existing and extinet tertiary forms, on
the castern and western shores of temperate North America; aud
the still more striking fact of many closely allied crustaceans (15
described in Dana’s admirable work), some fish and other marine
animals, inhabiting the Mediterrancan and the seas of Japan,—
these two arens being now completely separated by the breadth of &
whole continent and by wide spaces of ocean.

These cases of close relationship in species either now or formerly
iuhabiting 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
‘We cannot maintain that such species have been created
alike, in correspondence with the nearly similar physical conditions
of the areas ; for if we compare, for instance, certain parts of South
America with parts of South Africa or Australia, we seo 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 immediate subject. I ain con-
vinced that Forbes's view may be largely estended. In Enrope 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 infer from the frozen mammals and nature
of the mountain vegetation, that Siberia was similarly affected. Tn
the Lebanon, according to Dr. Hooker, perpetual snow formerly
covered the central axis, and fed glaciers which rolled 4000 feet

marks of their former low desoent; an
saw maize growing 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 aud Dr. Hector,
that in New Zealand immenso glaciers formerly descended to a
low level; and tho same plants found by Dr. Hooker on widely
separated mountains in this island tell the same story of a former
cold period. From facts communicated to me by the Rev. W. B.
Clarke, it appears also that there are traces of former glacial action
on the mountains of the south-eastern corner of Australia.

Looking to America; in the northern half, ice-borne fragments of
rock have been observed on the eastern side of the continent, as far
south as lat. 36°-37°, and on the shores of the Pacific, where the
climate is now s different, as far south as lat. 46°. Erratic boulders
have, also, been noticed on the Rocky Mountains. In the Cor-
dillera of South America, nearly under the equater, glaciers once
extended far below their present lovel. In Central Chile T ex-
amined a vast mound of detritus with great boulders, crossing the
Portllo valley, which there can bardly be a doubt once formed a
huge moraine; and Mr. D. Forbes informs me that he found in
various parts of the Cordillers, from lat. 13° to 30° S., 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
Condillera true glaciers do not now exist even at much more con-
siderable beights. Fartber south on both sides of the continent,
from lat. 41° o the southernmost extremity, we have the clearest
evidence of former glacial action, in numerous immense boulders
trausported. far from their parent source,

From these several facts, namely from the glacial action having
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extended all round the northern and southern hemispheres—fron
the period having been in a geological senso recent in both hemie
spheres—from its having lasted in both during . great length of
time, as may be inferred from the amount of work effected—and
astly from glaciers having recently descended. to a low level along
the whole line of the Cordillera, it at one time appeared o me that
wo could not avoid the conclusion that the temperature of the
whole world had been simultancously lowered during the Glacial
period. - But now M. Croll, in & series of admirable memoirs, hag
attempted to show that a glacial condition of climate is the result
of various physical causes, brought into operation by an increase fn
the cccentricity of the earths orbit. Al these canses tend towards
tho sume end but the most powerfal appears to be the indireet
influence of the cocentricity of the orbit upon oceanic curments,
According to Mr. Croll, cold periods regularly recur every ten or
ffteen thousand years; and these at long intervals are extremely
severe, owing to certain contingencies, of which the most importaut,
as Sir C. Lyell has shown, is the relative position of the land and
water. Mr. Croll believes that the last great Glacial period oceurred
about 240,000 years ago, and endured with slight alterations of
climate for about 160,000 years. With respect to more ancient
Glacial periods, soveral geologists are convinced from direet evidenco
that such occurred during the Miocene and Eocene formations, not
to mention still moro ancient formations.  But the most importuut
vesult 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 milder, chiefly through changes in the direction of the coean-

currents. S0 convarsely it will be with the northern hemisphers,
whilst, the southern passes thongh a glacial period. This conclusion

o 30 mauch gkt ou geograptial iteiaioa it
strongly inclined to trust in it ; but I will first give the facts, which
demand an explanation.

In South America, Dr. Hooker has shown that besides maay
closel allied specics, botween forty and ity of the flowering panis
of Tierra del Fuego, forming no inconsiderable part of its scanty
flor, are common to North America and Europe, enormously
remote as these areas in opposite hemispheres are from cach other.
On the lofty mountains of equatorial America a host of peculiar:
species belonging to European genera ocour. On the Organ mou-
tains of Brazil, some few temperate European, some Antarctic, 0.
some Andean genera were found by Gardner, which do not exist
in the low intervening hot countries. On the Silla of Caraccat,
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the illustrious Humboldt long ago found species belonging to genera
characteristio of the Cordillera,

Tn Africa, several forms characteristic of Europe and some few
representatives of the flora of the Cape of Good Hope occur on the
mountains of Abyssinia. At the Capo of Good Hope a very few
Turopean species, belicved not to have been introduced by man,
and on the mountains several representative European forms are
found, which have not been discovered in the intertropical parts of
Aftiea, Dr. Hooker has also lately shown that several of the plants
living on the upper parts of the lofty island of Fernando Po and on
the neighbouring Cameroon mountains, in the Gulf of Guinea, are
closely related to,those on the mountains of Abyssinia, and likewise
to those of temperate Europe. 1t now also appears, as T hear from
Dr. Hooker, that some of these sume 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 eontinent, 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 India, 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 ropresenting 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 & billock in Burope! ~ Still moro
striking is the fact that peculiar Australian forms are represented
by certain plants wowing on the summits of the mountains of
Borneo. Some of these Australian forms, as I hear from Dr. Hooker,
extend along the heights of the peninsula of Malacca, and are
thinly seattered on the ‘one hand over Indis, and on the other band
as far north as Japan.

On the southern mountains of Australia, Dr. F. Milller has
discovered soveral Buropean specics ; other specics, not introduced
by man, occur on the lowlands; and a long list can be given, as T
am informed by Dr. Hooker, of European genern, found in Australia,
but not in the intermediate_torrid regions. In the admirablo
“Introduction to the Flora of New Zealand, by Dr. Hooker, analo-
gous and striking fucts are given in regard to the plants of that
large island. Henco we sce that certain plants growing on the more
lofty mountains of the tropics in all parts of the world, and on the
temperato plains of the north and sonth, are cither the same species
or vaieties of the same species. 1t should, however, be obsarved
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that these plants aro not strictly arctio forms; for, as Mr. 1, ¢,
Watson has remarked, “in receding from polar towards equatorial
latitudes, the Alpine or mountain floras really become less and lesy
Arctic.”” Besides these identical and_closely allied forms, many
species inhabiting the same widely sundered areas, belong to geners
not now found in the intermediate tropical lowlands.

These brief remarks apply to plants alone; but some few analogons
facts could be given in rogard to terrestrial animals, In m.,;.,,
productions, similar cases likewise ocour; as an example, T may
Quote a statement; by the highest authority, Prof, Dans, that %1t s
certainly a wonderful fact that New Zealand should have n dloser
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, Tasmania, &e,
of northern forms of fish, Dr, Hooker informs me that twenty~
five spocies of Algm are common to New Zealand and to Europe,
but have not been found in the intermediate tropical seas,

From the foregoing facts, namely, the presence of temperato forms
on the highlands across the whole of equatorial Africa, and along
o Panizmnia of adias f Ooylm ad the Melay Ao R
in a less well-marked manner across the wide expanse of tropicsl
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 theso great continents were everywhero tenantol
under the equator by a considerable nunber of temperat forms.
At this period the equatorial climate at the level of the sea was
probably about the same with that now experienced at the heisht
of from five to six thouswnd fect under the same latitude, or
perbaps even rather cooler. During this, the coldest period, the
lowlands under the equator must have been clothed with a minglel
tropical and temperate vegetation, like that described by Hooker as
growing luxuriantly 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 mous-
tainous island of Fernaudo Po, in the Gulf of Guinea, Mr. Mann
found temperate European forms beginning to appear at the hng’n
of about five thousand feet. On. tho mountains of Panama, at
height of only two thousand fect, Dr. Seemann found the vmunm
ke that of Mexico, “ with forms of the torrid zone harmoniovsly
‘lended 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 grat
Glacial period, the southern hemisphere was actually warmer, throws
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any clear light on the present apparently inexplicablo distribution of
avious organisms in the temperato arts f 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
ast some naturalised plants and animals have spread within
a fow centuries, this period will have been amplo for any amount of
migration. A8 tho cold became more and more intense, we know
that Arctic forms invaded the temperate regions ; and, from. the
facts just given, there can hardly be a doubt that some of tho more
vigorous, dominant and widest-spreading temperato forms invaded
the equatorial lowlands. The inhabitants of these hot lowlands
would at the same time have migrated to the tropical and sub-
tropical egions of the south, for the southern hemisphere was at th
‘period warmer. On the decline of the Glacial period, as both hemi-
‘spheres gradually recovered their former temperatures, the northern
temperato forms living on the lowlands under the equator, would
Tave been driven to their former homes or have been destroyed,
Deing replaced by the equatorial forms returning from the south.
Same, however, of the northern temperate forms would_almost
certainly have ascended any adjoining high land, where, if suffi-
ciently lofty, they would have Jong 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-
‘perataro must have been very slow, and plants undoubtedly possess a
certain capacity for acclimatisation, as shown by their transmitting to

i i i itutic isting heat and cold.

In 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. Theso latter, when the
warmth returned, would return to their former homes, leaving some
few species on the mountains, and earrying southward with them
some of the northern temperate forms which had descended from
their mountain fastnesses. ‘Thus, we should have some few specics
identically the same in the northern and southern temperate zones
and on the mountains of the intermediate tropical regions. But
the specics 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 generally
oW exist a8 varieties or as representative species ; and this is tho
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Wo must, also, bear in mind tho occurrence in both hem.
spheres of former Glacial periods; for these will mw,
accordance with the same principles, for the many quite disti
Speces inhabiting the same widely separated areas, aad belonging g
genera not now found in the intermediate torrid zones,

Tt fs a remarkable fact strongly insisted on by Hooker in reganl
to America, and by Alph. de Candolle in regard to Australia, that

my more identical or slightly modified species have migrated from
the north to the south, than in a reversed direction. We see,
however, a fow southern forms on the mountains of Borneo and
Abyssinia. I suspect that this proponderant migration from tho
north to the south is due to the greater extent of land in the north,
and to the northern forms having existed in their own bomes in
greater numbers, and having consquently been advanced through
natural selection and competition to a higher stage of perfection, or
dominating power, than the southern forms. And thus, when fho
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 hold their places on the mountains,
and afterwards to migrate southward with the southern forms; but
Sk o e e g o e s e RGN
same manner at the present day, we sce that very many Euroj
Sralaciisa cope tho gram . a Plta, New 78 i o
losser degreo in Australis, and have beaten the natives; wherens
extremely few southern forms have become naturalised in any part
of the northern hemisphere, though hides, wool, and. other objects
likely to earry sceds have been largely imported into Europo during
the last 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 themselves and
becoming naturalised. Bofore the last great Glacial period, 10
doubt the intertropical mountains were stocked with endemic Alpine
forms; but these bave almost everywhere yielded to the more
dominant forms, generated in the larger arcas and more efficient
workshops of the north, Tn many islands the native productions.
are nearly equalled, or even ontmumbered, by those which have
Tecome 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 arcas of the
north, just in the same way as the inhabitants of real islands have
everywhere yielded and are still yilding to continental forms:
naturalised throngh man’s agency.
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The same principles apply to the distribution of terrestrial
animals and of marine productions, in the northern and southern
rate zones, and on the intertropical mountains. When,
during the height of the Glacial period, the ocean-currents were
widely different to what they now are, some of the inhabitants of
4he temperate seas might have reached the equator; of these a fow
wonld perhaps at once be able to migrate southward, by keeping to
the cooler currents, whilst others might remain and survive in the
colder depths until the southern hemisphere was in its turn sub-
jeoted to o glacial climate and permitted their further progress; in
nearly the same wmamner as, according to Forbes, isolated spaces
inhabited by Arctic productions exist to the present day in the
decper parts of the northern temperate seas.

Lam far from supposing that all the difficulties in regard to the
distribution and affinities of the identical and allied species, which
now live so widely separated in the north and south, and sometimes
on the intermediate mountain-ranges, are removed on the views
above given. The exact lines of migration cannot be indicated.
We cannot say why certain species and not others have migrated ;
why certain species have been modified and have given rise to new
forms, whilst others have remained unaltered. We cannot hope
40 explain such facts, until we can say why one species and not
another becomes naturalised by ma's agency in a foreign land;
why one species ranges twice or thrice as far, and is twice or thrice
8 common, as another species within their own homes,

Various special difficulties also remain to be solved ; for instance,
the occurrence, as shown by Dr. Hooker, of the same plants at points
50 enormonsly remote as Kenguelen Land, New Zealand, and Fuegia ;
but icebergs, as suggested by Lyell, may have been concerned in
their dispersal. The existence at these and other distant points of
the southern hemisphere, 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
o 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, a5 in the northern hemisphere, to o former and warmer
period, before the commencement of the last Glacial period, when
the Antarctio lands, now covered with ice, supported o highly
‘peculiarand isolated flora. Tt way be suspected that before this flor
was exterminated during the last Glacial epoch, a few forms had
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‘been already widely dispersed to various points of the southern heuy
sphero by cecsional means o rnsporty and by the aid as halting-
‘places,of now sunken islands. Thus the southern shores of Americ,
Auatralia, and Now Zoaland, may have become slightly tintod by
e sy Taclns e of life.

$ir C. striking passage has speculated, in language
sl Bightin] with i, . e eMcks OF romtallchadi
climate throughout the world on geographical istribution. And
we have now seen that Mr. Croll's conclusion that successive Glacial
periods in. the one hemisphero coincide with warmer periods in the
opposite hemisphere, together with the admission of the slow modif-
cation 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
equatar: but the stream of lifo has flowed with greater fores from
the north than in the opposite direction, and has consequently mors
freely inundated the south. As the tide leaves its drift in hori-
zontal lines, rising higher on the shores where the tide rises highest,
50 have the living waters left their living drift on our mowiain
summits, in a line gently rising from the Aretic lowlands to a great
altitude under the equator. The various beings thus left stranded
‘may be compared with savage races of man, driven up and surviving
in the mountain fastnesses of almost every land, which serve as &
Tecord, full of interest to us, of the former inbabitants of the
surrounding lowlands.
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CHAPTER XIIL

GEOGRAPHICAT, DIsTRIBUTION—continued.

Diseiaten o frelemtar peolucins On the ishabitants of oceanic
lands — Absen mn[Ihtxm,hmrﬁnndn{(enntnﬂlﬂmnuh On the

relation of the inhabitants of islands to those of the nearest mainland —
On colonisation from the acarest source with subsequent. modification
— Summary of the last and present chapter.

Bveshwater Productions.
As lakes and river-systems are separated from each other by barriers
of land, it might have been thought that fresh-water productions
would not have ranged widely within the same country, and as the
sca is apparently a still more formidable barrier, that they would
nover have extended to distant countries. But the case s exactly
tho reverse. Not only have many fresh-water specics, belonging fo
different classes, an enormons range, but allied species prevail in a
remarkable manner throughout the world, When first collecting
in tho fresh waters of Brazil, T well remember feeling much sur-
prise at the similavity of the fresh-water inscots, shells, &c., and
LS e R TR 5T
with hose of Brita
e o
thinlk, in most cases be explained by their having become fitted, in
A masr ighly el o them, & short nd regent grtions
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
cach other. But Dr. Giinther 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 indicates dispersal from an Antarotic centre during a former
warm period. This case, however, is rendered in some degree loss
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ising by the species of this genus having the power of erossi

ngcﬁmimwnl‘:mns considerable spaces of open ocean: thus
there is one species common to New Zealand and to the Auckland
Tlands, though separated by a distance of about 230 miles, On

e continent fresh-water fish often range widely, and as if
eapriciously for in two adjoining river-systems some of the species
may be the same, and some wholly different. Tt is probable that
they are occasionally transported by what may be called accidental
means. Thus fishes still alive are not very rarely dropped at distan.
points by whirlwinds 3 and it is known that the ova retain their
vitality for @ considerable time after removal from the water,
Their dispersal may, however, be mainly attributed to changes in
the level of the land within tho recent period, causing rivers to flow
into each other. Instances, also, could be given of this having
cccurred during hout any change 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
period have completely prevented the inosculation 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. Morcover 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 water;
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 o a fresh-water group might travel far along the
shores of the sea, and. could, it is probable, become adapted without
much difficulty to the fresh waters of a distant land.

e 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 single source, prevail
throughout the world. Their distribution at first perplexed me
much, as their ova are not likely to be transported by birds; and
the ova, as well as the adults, are immediately killed by sca-water.
I could not even understand how some naturalised species have
spread rapidly throughout the sume country.  But two facts, which
1 have observed—and many others no doubt will be discovered—
throw some light on this subject. When ducks suddenly emerge
from a pond covered with duck-weed, I have twice scen these little
plants adbering to their backs; and it has bappened to me, i
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 perbaps more cffectual: 1 sus-
pended the feet of a duck in an aquarium, where many ova of frosh-
water shells were hatching; and I found that numbers of the
extremely minute and just-hatched shells crawled on the feet, and
clung to them so firmly that when taken out of the water they
could not be jarred off, though ab a somewhat more advanced ago
they would voluntarily drop ofl. These just-hatched molluscs,
though aquatic in their nature, survived on the duck’s feet, in
damy 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
i blown across the sea to an oceanic island, or to any other distant
point, would be suro to alight on & pool or rivulet. Sir Charles
Lyell informs me that a Dytiscus has been canght with an Ancylus
(a fresh-water shell like a limpet) firmly adbering to it; and a
water-beetle of the sume 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
10 one can te
With respect to plants, it has long been known what enormous
ranges many fresh-water, and even marsh spocies, have, both over
i o This is strikingly
illustrated, according to Alph. de Candolle, inthose large groups of
terrestrial plants, which have very few aquatic members; for the
latter seen. immediately o acquire, as if in consequence, a wido
range. 1 think favourable means of dispersal explain this fact. 1
have before mentioned that earth 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 other; and they are cccasionally found on the
most remote and barren islands of the open oceans 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 believe that botavists are aware how charged the mud of ponds
is with seds; I have tried several littlo 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 61 ounces ;
1 kept it covered up in y 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 viseid 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 trans-
port the seeds of fresh-water plants to unstocked. ponds and streams,
sitnated at very distant points. The same agency may have come
into play with the eggs of some of the smaller fresh-water animals,

Other and unknown agencies probably have also played a part,
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-
lily and Potamogeton. Herons and other birds, century after cen-
tury, have gone on daily devouring fish; they then take fight and
go 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 excremont. When I saw the
great sizo of the seeds of that fine water-lily, the Nelumbium, and
remembered Alph. de Candolle’s remarks on the distribution of
this plant, I thonght that the means of its dispersal must remain
inexplicable; but Audubon states that he found the seeds of the
great southern water-lily (probably, according to Dr. Hooker, tho
Nelumbium luteum) in a heron'’s stomach. Now this bird must
often have flown with its stomach thus well stocked to distant
ponds, and then getting & hearty meal of fish, analogy makes mo
elieve that it would have rejected the seeds in  pellet in a fit state
for germination.

In considering these several means of distribution, it should be
remembered that when a pond or stream is first formed, for nstance,
on a rising islet, it will be unoccupied ; and a single seed or ezg
will have a good chance of succeeding. ~Although there will alyays
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 o
Telieve 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 forms
having formerly ranged continuously over immense areas, and then

aving become extinct at intermediate points. But the wide dis-
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-
rently depends in main part on the wide dispersal of their secds
and eggs by animals, more especially by fresh-water birds, which
have great powers of flight, and naturally travel from one piece of
water to another.

On the Tntabitants of Oceanis Tslands.

We now come to the last of the three classes of facts, which T
have sclected s presenting the greatest amount of difficulty with
tespect to distribution, on the view that not only all the individuals.
of the samo species have migrated from some one area, but that
allied species, although now inhabiting the most distant, points,
have proceeded from . singlo area,—the birthplace of their carly
progenitors. I have already given my reasons for disbelieving in
continental extensions within the period of existing specics, on so
enormons a scale that all the many islands of the several ooeans
were thus stocked with their present terrestrial inhabitants. This
view removes many difficulties, but it does not accord with all the.
facts in regard to the productions of islands. In the following
remarks I shall not confine 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 modificati
The species of all kinds which iuhabit oceanic islands are few in
number compared with those on equal continental areas: 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 o great a difference in number. Even
the uniform. county of Cambridge has 847 plants, and the little
island of Anglesea 764, but a fow ferns and o few introduced
plants are included in these numbers, and the comparison in some
other 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 it, as they have in New Zealand and on every other oceanic island
which can be named. Tn St. Helena 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

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



348 Tuhabitants of Oceanic Islands.  Cusr. xu,
of the creation of each separate species, will havo to admit that
& sufficient number of the best adapted plants and animals wery
ot created for occanic islands for man has unintentionally stocked
Shem far more fully and perfectly than did nature.

Althongh in oceanio islands the species are fow in number, the
proportion of endemic kinds (i. e. those found nowhere elso in
the world) is often extremely large. If we compare, for instance,
¢he number of endemic land-shells in Madeira, or of endemic bids
in the Galapagos Archipelago, with the number found on an
continent, and_then compare the area of the island with that of
the continent, we shall seo that this is true. This fact might
have been theoretically expected, for, as already explained, speciss
occasionally armiving 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
of modified descend But it by no means follows that, because
in‘an island nearly all the species of one class are peculiar, those of
snother class, or of another section of the same class, are peculiar;
and this difference seems to depend partly on the species wh
not 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,

which the insular forms have interorossed. It should be
borne in mind that the ofispring of such crosses would certainly
gain in vigour; so that even an occasional cross would produce
more effect than might have been anticipated. T will give a fow
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 marine 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 ofher
hand, which lies at about the same distange from North America
as the Galnpagos Islands do from South America, and which has
 very peculiar soil, does not possess a single endemic land-bird;
and we know from Mr. J. M. Jones's admirable nccount, of Bermuda,
4hat very many North American birds occasionally or even fre-
quently visi¢ this island.  Almost every year, as I am informel
by Mr. E. V. Harcourt, many European aud African birds are
blown to Madeira; this island is inhabited by 99 kinds, of which
one alone is peculiar, though very closely related to a European
form; and three or four other specics are confined to ¢his island
and to the Canaries. So that the Islands of Bermuda and Madeira
Bave been stocked from the neighbouring continents with bird,

-
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which for long ages have there struggled together, and have
Tecome mutually co-adapted. Hence when settled in their new:
Tiomes, each kind will have been kept by the others to its proper
place and habits, and will consequently have been but litle liable
to modification. ~ Any tendency to modification will also have been.
checked by intercrossing with the unmodified immigrants, often
arriving from the mother-country. Madeira again is inhabited
by a wonderful number of peculiar land-shells, whereas not one
species of seavshell s peculiar to its shores: now, though we do
not know how sea-shells are dispersed, yet we can see that their
oggs or larve, perhaps attached to seaweed or floating timber, or to
the feet of wading-birds, might b transported across

hundred miles of open sea far more
different, orders of insects inbabiting Madeira present nearly parallel
cases.

Oceanic islands are sometimes deficient in_ animals of certain
whole classes, and their places are occupied by other classes : thus
in the Galapagos Tslands 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
is of largo size, and is not separated from Australia by a profoundly
deep sea; from its geological character and the direction of it
‘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. Tumning to plants, Dr. Hooker has
shown that in the Galapagos Tslands the proportional numbers of
the different orders are very different from what they are elsewhere.
All such differences in number, and the absence of certain wholo
groups of animals and plants, are generally accounted for by sup-
posed differences in the physical conditions of the islands; but this
explanation is not a little doubtful. Facility of immigration
seems to have been fully as important as the nature of the con-
ditions.

Many remarkable little facts conld be given with respect o the
inhabitants of oceanic islands. For instance, in certain islands not
tenanted by a single mammal, some of the endemic plants have
Teantifully hooked seeds; yet fow relations are more manifest
than that hooks 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 Looks, which
would form & useless appendage like the shrivelled wings under
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e soldered wing-covers of many insular beetles. Again, islands

n possess trees or bushes belonging o orders which elsewhero
e only herbaceous species; now trees, as Alph. do Candolla
has shown, generally have, whatever the cause may be, confinel
ranges.  Hence trees would be little likely to reach distant oceanic
islands; and an herbaceous plant, which had 1o chance of success-
fully competing with the many fully developed. trees growing on
a continent, might, when established on an island, gain an advan-
tage over other herbaccous 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 a tree,

Absence of Batrachians and Terrestrial Mammals on Oceanic
Islands.

With respect to the absence of whole orders of animals on oceanic
islands, Bory St. Vincent long ago remarked that Batrachians
g ‘toads, newts) are never found on any of the many islands
T which Cho{goaat Cosess son $lodinc)® Ticevo AV B
verify this assertion, and have found it true, with the exception
of New Zealand, New Caledonis, the Andaman Tslands, and per-
haps the Salomon Islands and the Seychelles. But I have already
remarked that it is doubtful whether New Zealand and New Calo-
donia ought to be classed as oceanic islands; and this is still more
doubtful with respect to the Andaman and Salomon gronps and
the Seychelles. This general absence of frogs, toads, and newts on
0 many true oceanic islands cannot be accounted for by their
physical conditions : indeed it seems that islands are peculiarly
fitted for these animals; for frogs have been introduced into Ma-
deira, the Asores, and Manritius, and have multiplied so as 0
Tecome a muisance.  But as these animals and their spawn are in-
‘mediately killed (with the exception, as faras known, of one Indian
specics) by sea-water, there would be great diffiulty in their trans-
portal across the sea, and therefore we can see why they do 106
exist on strictly oceanic islands. But why, on the theory of erea-
tion, they should not have been created there, it would be very
difficult fo explain.

similar case. Th

the oldest voyages, and have not found a single instance, free from
doubt, of a terrestrial mammal (exclnding domesticated animals
Kept by the natives) inhabiting an island situated above 300 miles
from a continent or great continental island; and many islands
situated at a much less distance are equally barren. Falkland
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Tslands, which are inhiabited by a wolf-like fox, come nearest to an
exception; but this group cannot, be considered as oceanic, as it
s on a bank in. connection with the mainland at the distanco of
about 280 miles 3 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 smallor quadrupeds have 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 suficiently ancient, as shown
Ty the stupendous degradation which they have suffered, and by
their tertiary strata : thero has also been time for the production.
of endemio species belonging to other clases and o continents
it is known that new species of mammals appear and disappear at
a quicker rate than other and lower animals. ~ Although terrestrial
‘mammals do not oceur on oceanic islands, acrial mammals do ocour
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 the 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 wo North
American spocies cither rogularly o occasionally visit Bermuda, a¢
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 wnderstand the presence of
endemic bats on oceanic islands, with the absence of all other
terrestrial mammals.

Another interesting relation exists, namely between the depth
of the sea soparating islands from each other or from the nearest
continent, and tho degreo of affnity of their mammalian inha-
bitants, Mr. Windsor Earl has made some stri ing observations
on this head, sinco  Breatly extended by 2. Wallace's admirable
researches, in rogard to the great Malay Archipelago, which is
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traversed near Celebes by a space of deep ocean, nnd this separates
{wo widely distinct mammalian faunas. On cither side the islands
stand on @ moderately shallow submarine bank, and these islands
aro inhabited by the sume or by closcly allied quadrupeds. T have
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 channel from Europe,
and the mammals are the same on both sides; and so it is with all
the islands near the shores of Australia. The \Vest Indian Islands,
on the other hand, stand on a deeply submerged bank, nearly 1000
fathoms in depth, and here we find American forms, but the species
and even the genera are quite distinet.  As the amount of modi-
fication which animals of all kinds undergo, partly depends on the
lapse of time, and as the islands which are separated from each
..um or from the mainland by shallow channels, are more likely

have been continuously united within a recent period than the
uhmdu separated by deeper channel e can understand how it
is that a relation exists between the dtl?tll of the sea separating
two mammalian faunas, and the degree of their affinity,—a relation
which is quite inexplicable on the theory of independent acts of
creation.

"The foregoing statements in regard to the inhabitants of oceanic
islands,—namely, the fewness of the species, with a large proportion
consisting of endemic forms—the members of certain groups, but
not those of other groups in the same class, having been modified—
the absence of certain whole orders, as of batrachians and of ter-
restrial mammals, notwithstanding the presence of aerial bats,—
the singular proportions of certain orders of plants,—herbaceous
forms having been developed into trees, &.,—seem to me to accord
‘etter with the belief in the efficiency of occasional means of trans-
port, carried. on during a long course of time, than with the belief
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 cither hase
not been modified, or all the species in a more equable manner.

1 do not deny that there are many and serious difficulti
understanding how many of the inhabitants of the more remote
islands, whether still retaining the same specific form or subse-
quently modified, have reached their present homes. But the
‘probability of other islands having once existed as halting-places,
of which ot & wreck now Temains, must not be overlooked. 1will

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



Cua, XIIL “on Oceanic Islands. 353

specify one difficult case. Almost all oceanic islands, even the
most solated and. smallest, aro inhabited by land-shells, generally
by:ndvmlc species, 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 bave
tried, sink in it and are Killed. Yet there must be some unknown,
but oceasionally eflicient means for their transportal. Would the
just-hatched young sometimes adhere to the fect of birds roosting
on the ground, and thus get transported ? It ocourred to me that
land-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 sen. And I find that
several species in this state withstand uninjured an immersion in
sea-water during seven days : one shell, the Helix pomati, 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
averago swiftness, to o distance of 660 geographical miles. As
this Helix has a thick calcareous operculum, I removed if, and
when it had formed a new membranous one, T again immersed it
for fourteen days in sea-water, and. recovered and crawled
SR siaive s s e sl exparimenta: o
placed 100 land-shells, belonging to ten species, in a box plerced
Ll uers i o fucoight n tho s, Ont of tho
Tundred shells, twenty-seven recovered. The presence of an oper-
culum seems o have been of importance, us out of twelve
of Oyclosioma elegans, which I thus furishel,ceven re
s remarkable, seeing how well the Helix pom
the salt-water, that not one of fifty-four specnncns 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 foet of birds offer a more probable method.

On the Relations of the Tnhabitants of Tslands to those of the
‘nearest Mainland,

The most striking and important fact for us is the affinity of the
species which inhabit islands to those of the nearest mainland,
without being actually the same. Numerous instances could be
given. The Galapagos Archipelago, situated under the equator,
lies at tho 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 perhap
{wenty-threo are ranked as distinct species, and would commonly by
assumed to have been here created ; yet the close affnity of mos;
of theso birds to American species is manifest in every character,
in their habits, gestures, and tones of voice. 80 it is with the other
animals, and with a large proportion of the plants, as shown by
Dr. Hooker in his admirable Flora of this archipelago. The natn.
Talist, looking at the inhabitants of these voleanic 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 so plainly the
stamp of affinity to those created in America? There is nofhing
in the conditions of life, in the geological nature of the islands, in
their height or climate, or in the proportions in which the severl
classes are associated together, which closely resembles the con-
ditions of the South American coast : in fact, there s a considar-
able dissimilarity in all these respects. On the other hand, thero
is a considerable degree of resemblance in the voleanic nature of
the soil in the climate, height, and size of the islands, bebween tho
Galapagos and Cape de Verde Archipelagoes : but what an entire
and absolute difference in their inhabitants! The inhabitants 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 here maintained, it s bvious that the Gala=
pagos Islands would be likely to receive colonists from Americs,
whether by occasional means of transport or (though 1 do not
‘elieve in this doctrine) by formerly continuous land, and the Cape
de Verde Islands from Africa; such colonists would be liable
to modifieation,—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 island:
The exceptions are few, and most of them can be explaied.
Thus although Kerguelen Land stands nearer to Africa than t0
America, the plants are related, and that very closely, as we know
from Dr. Hooker's account, to those of America: but on the vie¥
that this island has been mainly stocked by sceds brought Wil
carth and stones on. icebergs, drifted by the prevailing curreats,
this anomaly disappears. New Zcaland in its endemic plants
‘much more closely related to Australia, the nearest mainland, tha%

Darwin Cnline: By perfission of the Trustees of the Natural Hstory Museum
London,



cuar. XUL  Islands to those of the Mainland. 355

to.any other region : and. this is what might have boen expected ;
Dt it is also plainly related to South America, which, although
tho next nearest continent, is so enormously remote, that the fact
‘ecomes an anomaly. But this difficulty partially disappears on
the view that New Zealand, South America, and the other southern
Tauds 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, befors the
commencement of the lnst Glacial period. The affinity, which
though fecble, Xam 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
1o the plants, and will, no doubt, some day be explained.

The same law which has determined the relationship between
the inhabitants of islands and the nearest mainland, is sometimes
displayed on a small scale, but in a most interesting manner,
within the limits of the same archipelago. Thus cach separato
islandof the Galapagos Archipelago is tenanted, aud. the fact is a
marvellous one, by many distinct species: 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 islands
situated 50 near to each other would almost, necessarily receive im-
‘migrants from the same original source, and from each other. But
Tow 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
Teight, climate, &.? This long appeared to me a great difficulty :
“but it arises in ohief part from the deeply-seated error of considering
the physical conditions of & country as the most important ; whereas
it cannot be disputed that the nature of the other species with
which each has to compete, is at least as important, and generally
a far more important element of success. Now if we look to the
species which inhabit the Galapagos Archipelago and aro like-
wise found. in other parts of the world, we find that they differ
considerably in the several islands. This difference might indeed
have been expeoted if the islands have been stocked by occasional
‘means of transport—a sced, for instance, of ono 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 fist settled on one of the islands,
or 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; a plant for instance, would find the ground best fitted
for it occupied by somewhat different species in the different
slands, and would be exposed to the attacks of somewhat dif-
ferent evemies. 1f then it varied, natural selection would probably
favour different varieties in the different islands. Some species,
however, might spread and yet retain the same character through.
out the group, just as we seo 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.
“Ihe currents of the sea are rapid and sweep between the islands,
and 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 aro 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 inbabitants, but are very distinct forms,
‘belonging in a large proportion of cases, as shown by Alph.
Candolle, to distinet genera. In the Gnln]ngu Amh.pehgn. ‘many
even of the birds, though so well adapted from _islan
to island, differ on the different islands ; ol
closely-allied species of mocking-thrush, each confined to its own
island. Now let us suppose the mocking-thrush of Chatham
Island to be blown to Charles Island, which has its own mocking-
thrush; why should it succeed in establishing itself there? We
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safely infer that Charles Island is well stocked with its own
species, for annually more eggs are lnid and young birds hatched,
than can possibly be reared ; and we may infer that tho mocking-
thrush peculiar to Charles Tsland is at least as well fitted for its
home as is the species peculiar to Chatham Island.  Sir C. Lyell
and Mr. Wollaston have communicated to me a remarkable fact
bearing on this subject ; namely, that Madeira and the adjoining
islet of Porto Santo possess many distinct but representative
species of land-shells, some of which live in crovices of stone;
and althongh 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
have been colonised. by Enropean land-shells, which 1o doubt had
some advantage over the indigenous specics. From these con-
siderations 1 think we nced not greatly marvel at tho endemic
species which inhabit the several islands of the Galapagos Archi-
Delago, not having all spread from island to island. On the ssme
continent, also, prmccupﬂtmn m probably played an. important
Jart in checking the commi of the species which inhabit
iflivent distrite with nasly the s physieal omditions, Thus,
the south-east and south-west coners of Australia have nearly the
same_physical conditions, and aro united by continuous land,
yet they are inhabited by & 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
whence colonists could have been most easily derived, together with
their subsequent modification, is of the widest application through-
out nature,  We see this on every mountain-summit, in every lake
and marsh. For Alpine specics, excepting in as far as the same
specios have become widely spread during the Glacial epoch, are
related to thoso 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 see this same principle in tho

character of most of the blind animals inbabiting tho caves of
America and of Europe. Other analogous facts could be given.
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To will; T Ioliere, b fonnd universlly tus, that whereven ol bwo
Tegions, let them be ver so distant, many closely allied or repre.
sentative species oceur, there will likewise bo found some identical
species; and wherever many closcly-allied species occur, there will
be found many forms which some naturalists rank as distinet
specios, and others as mere varicties ; these doubtful forms showing
us the steps in the progress of modification.

The relation botween the power and extent of migration in
certain species, either at the present or at some former period, and
the existence &t remote points of the world of closely-allied species,
is shown in another and more general way. Mr. Gould remarked
to me long ago, that in those genera of birds which range over the
world, many of the species have very wide ranges. 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 seo the sme
rule in the distribution of butterflies and beetles. So it is with
most of the inhabitants of fresh water, for many of the genery
in the most distinct classes range over the world, and mauy of the
species have enormous ranges. 1t s nob meant that all, but that
somo of the species havo very wide ranges in tho genera which
range very widely. Nor is it meant that the species in such
genera. havo on an average a very wide ranges for this will
Largely depend. on how far tho process of modification lias gones
for_instance, two varieties of the samo species inhabit America
and Furope, and_ thus the species has an immense ranges but,if
variation were to be carried a little further, the two varieties would
be ranked as distinct species, and their range would be greatly
veduced.  Still less is it meant, that species which have the
capacity of crossing barriers and ranging widely, as in tho case
of certain 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
heing victorious in_distant lands in the struggle for lifo with
foreign associates. But according to the view that all the species
of @ genus, though distributed to the most remote points of tho
world, are descended from a singlo progenitor, wo ought to find,
and I believo asa gencral rule we do find, that some at least of
the species rango 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 smple
time for dispersal and subsequent modification. There is al<>

eason to believe from geological evidence, that within each great
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class the lower organisms change at a slower rate than the higher ;
consoquently they will have had a better chance of ranging widely
and of still retaining tho same 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 has 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.
rela

discussed,—namely, lower organisms ranging
So0h wilatyban e lugher—semu of the species of widely-
rnging genera themselves ranging widely,—such facts, as alpine,
lacustrine, and marsh productions being generally related to thoss
which live on the surrounding low lands and dry lands,—the
striking relationship between the inhabitants of islands and thoso
of the nearest mainland—the still closer relationship of the distinct
inhabitants of the islands in the same archipelago—are inexplicablo
on the ordinary view of the independent creation of each species,
ut are explicable if we admit colonisation from the nearest or
readiost source, together with the subscquent adaptation of the
colonists to their new homes.

Summary of the last and present Chapters,
Tn 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
within the recent period, and of other changes which have probably
ccurmed,—if we remember how ignorant we aro with respect to the
many curious 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 wide ares, and then bave
ecome extinct in the intermediate tracts,—the difficulty is not
insuperable in believing that all the individuals of the same
species, wherever found, are descended from common parents,
And we are led to this conclusion, which has been arrived at by
many naturalists under the designation of single centres of creation,
by various zeneral considerations, more especially from the import-
ance of barriers of all Ko, e tom e soalogln dinafbic of
ln\\—gnncn, genern, and fami
th respect to dln“n:z spec)es belonging to the same genus,
i on our theory have spread from one parent-source ; if We
make the same allowances as before for our ignorance, and To-
member that some forms of lifo have changed very slowly,
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enormous periods of time having been thus granted for their
‘migration, the difficulties are far from insuperable; though in
this case, 5s in that of the individuals of the same species they

As exemplifying the effects of climatal changes on distributi
1 have attempted to show how important a part the last Glacial
period has played, which affected oven the equatorial rogions,
and which, during the alternations of the cold in the north and
south, allowed the productions of opposite hermispheres to mingl,
and left some of them stranded.  on the mountain-summits n a
parts of the world. As showing how diversified are the meas
of occasional transport, I bave discussed at some Little length the
‘means of dispersal of fresh-water productions.

If the difficulties be not insuperable in admitting that in the
long courso of time all the individuals of the same species, and
Tikevwise of the several species belonging to the same genus, have
‘proceeded from some one source ; then all the grand leading fuets
of geographical distribution are explicable on the theory of
‘migration, together with subsequent modification and the multipli-
cation of new forms. - We can thus understand the high importance
of barriers, whether of land or 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, for
instance in South America, the inhabitants of the plains and
‘mountains, of the forests, marshes, and_deserts, are linked together
in so mysterious a manner, and are likewise lmku‘l to the extinet.
beings which formerly inhabited the same continent. Bearing in
mind ot the il relati O cnganieto cngaatam o il
highest importance, we can see why two arcas having nearly the
same physical conditions should often be inhabited by very different
forms of life; for according to the length of time which has clapsed
since the colonists entered one of the regions, or both ; according
10 the nature of the communication which allowed certain forms
and not others to enter, either in. greater or lesser numbers ; accord-
ing or not, as those which entered happened to come into more oF
less direct competition with each other and with the aborigines;
and according a8 the immigrants were capable of varying more oF
less rapidly, there would eusue in the two or more regions, inde-
pendently of their physical conditions, infinitely diversified con-
ditions of life,—there would be an almost endless amount of organic
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 seanty numbers—and this we do find in
the several great geographical provinces of the world.

On these same principles we can understand, as T have endea-
voured to show, why occanic 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
shiould have all its specics peculiar, and another group, even within
the same class, should have all its species the same with those in
- dining quarerof the worl. Wo can see why whle groups

isms, as batrachians and terrestrial mammals, should be
% e 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
nce 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
spocifically distinct on the several islets, should be closely related
to each other; and should likewise be related, but les closely, to
those of the nearest continent, or other source whenco immigrants
might have been derived. We can sco why, if there exist very
closely allied or representative species in two areas, however distant
from each other, some identical species will almost always there be

und.

As the late Edward Forbes often insisted, there is a striking
garalllism in the laws of life throughout time and space; the laws
‘governing the succession of forms in past times being nearly the
same with those governing at the present time the differences in
different areas. We see this in many facts. The endurance of each
species and. group of species is continuous in time; for the apparent
exceptions to the rule are so few, that they may fairly be attributed
4 our not having as yet discovered in an intermediate deposit certain
forms which are absent in it, but which occur both above and

low : 80 in space, it certainly is the general rule that the area in-
habited by a single species, or by a group of species, is continuous,
and the exceptions, which are not rare, may, as I have attempted
1o 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 species, living during the
samo period of time, or living within the same area, are often
charucterised by trifling features in common, as of seulpture or
colour, In looking to the long succession of past ages, as in
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bl
looking to distant provinces throughout the world, wo find tha
species in certain classes differ little from each other, whilst thosy
in_another class, or only in a different section of the same order,
differ greatly from each other. In both time and space the lovly
organised members of each class generally change less than the
highly organised ; but there are in both cases marked exceptions
to the rule. According to our theory, these several relations
throughout time and space are intelligible ; for whether we look to
the allied forms of life which have changed during successive ages,
o to those which have changed after having migrated into distan
quarters, in both cases they are connected by the sume bond of
ondinary generation  in both cases the laws of variation have been
the same, and modifications have been accumulated by the samo
‘means of natural selection.
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CHAPTER XIV.

Muruan AFFisiTies oF Oraaxic Berxes : MorpROLOG
EMBRYOLOGY : RUDDIENTARY OBGANS.

CLASIFICATION, groups subordinate to groups —Natural system — Rules
and difficulties in classification, explained on the theory of descent with
modification — Classification of varieties — Descent always used in

ificatic 1 o adaptive ch , general,
comples, und radiating— Extinction soparates and defines groups —
MORPHOLOGY, between members of the sume class, between parts of

same individual — EMDRYOLOGY, laws of, explained by variations
not supervening at an early age, and being inherited at a corresponding
‘age — RUDDMENTARY ORGANS; their origin explained — Summary.

Classification.

Froxt the most remote period in the history of the world organic
Teings have been found. to resemble each other in descending de-
groes, 50 that they can bo classed in groups under groups. This
classification is not arbitrary like the grouping of the stars in
conslltions, The existence of groups would Lave been of siplo
significance, if one group had been exclu fitted to inhabit the

0 okttt rstae; om0 fod on flsh, amoher on voge-
table matter, and so on; but the case is widely different, for it is
notorious how commonly members of even the same sub-group have
different habits. In the second and fourth chapters, on Var
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 principle of inheritance, tend to produce.
other new and dominant species. - Consequently the groups which
are now large, and which generally include many dominant sp
tend to go on increasing in six further attempted to show that
from the varying descendants of each species trying to occupy as.
many and as different places as possible in the economy of nature,
they coustantly tend to diverge in character. This latter 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 faets
in naturalisation.

1 attempted also to show that there is a steady tendency in fh
forms which are increasing in number and diverging in charucte,
to supplant and exterminato the preceding, less divergent and losy
improved forms. 1 request the reader to tum to the diagmm
illustrating the action, as formerly explained, of these sever)
principles; and he will se that the inevitable result is, that th
‘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 several
spocies; 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. But the
three genera on the left hand have, on this same principle, much in
common, and form a sub-family, distinet 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 alio
much in common, though less than when grouped in sub-families;
and they form o family distinet from that containing the three
genera still farther to the right hand, which diverged at an earler
period.  And all these genera, descended from (A), form an order
distinet from the genera descended from (T). So that we here have
many species descended from a single progenitor grouped into
genera; and the genera into sub-families, families, and orders, all
under one great class. The grand fact of the natural subordination
of organic beings in groups under groups, which, from its funili-
arity, does not always sufficiently strike us, is in my judgment thus
explained. No doubt organic beings, like all other objects, can be
classed in many ways, either artificially by single characters or more
naturally by a number of characters. We know, for instance, that
minerals and the clemental substances can be thus arranged. In
this case there is of course no relation to genealogical succession,
and no cause can at present be assigned for their falling into
groups. But with organic beings the case is different, and the
‘view above given accords with their natural arrangement in. g
wunder group; and no other explanation has ever been attempted-

Naturalists, as we have seen, try to arrange the species, gener

families in each class, on what is called the Natural Systen
But what is meant by this system? Some authors look atit merel
asa scheme for arranging together those living objects which
amost alike, and for separating those which are most unlike; 0F 8%
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ficial mothod of enunciating, as briefly as possible, general
propositions,—that is, by ono sentenco to give the  characters
common, for instance, to all mammals, by another those common
fo all camivora, by another those common to the dog-genus, and
then, by adding 2 single sentence, o full description is given of each
Kind of dog. The ingennity 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 bo specified whether order in time or space,
or both, or what else is meant by the plan of the Creator, it scems
to me that nothing is thus added to our knowledge. Expressions
such as hat fumous one by Linnwus, which we often meet with in
amoro or less concealed form, namely, that the charaters do not
make the genus, but that the genus gives the characters, scem to
imply that some deeper bond is included in our classifications than
mere resemblance. T believe that this is the case, and that commu-
ity 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 elassifications.

Let us now consider the rules followed in classification, and the
diffeulties 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 each being
in the economy of nature, would be of very high importance in
classification. Nothing can be more false. No one regards the
external similarity of & mouse to a shrew, of a dugong to a whale,
of awhalo to a fish, as of any importance. These resemblances,
though so intimately conneeted with the whole life of the being,
are ranked as mercly “adaptive or analogical characters;” but, to
the consideration. of these resemblances we shall recur. It may
even be 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 Labits 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 siguification; whereas the

an arti
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organs of reproduction, with their product the seed and embeyo, arp
of paramount, importance! 8o again in formerly disoussing certaiy
‘morphological characters which are not functionally important, wo
have seen that they are often of the highest service in classifiction,
This depends on their constancy throughout many allied .
and their constancy chicfly depends on any slight deviations ot
having been preserved and acoumulated by natural selection, which
acts only on serviceable characters.

That the mere physiological importance of an organ does not
determine its classificatory value, is almost proved by the fuct, that
in allied groups, in which the same organ, as we have every reson
to suppose, has nearly the same physiological value, its classifica
value is widely different. No maturalist can have worked long at
any group without being struck with this fact; and it has been
fully acknowledged in tho writings of almost every author. It
will suffice to quote the highest authority, Robert Brown, who,
in speaking of certain, organs in the Proteac, says their generic
importance, “1ike that of all their parts, not only in this, but,as T
apprehend, in every natural family, is very unequal, and in some
cases seems to be entirely lost.” Again, in another work he says,
the genera of the Connaracese “ differ in having one or mors
ovaria, in the existence or absence of albumen, in the imbricate or
valvular mstivation. Any one of these characters singly is fie-
quently of more than generic importance, though here even when
all taken together thoy appear insufficient to separate Cnestis from
Connarus.” To give an example amongst insects : in one great di-
vision of the Hymenoptera, the antenn, as Westwood has remarked,
are most constant in structure ; in another division they differ much,
and the differences are of quite subordinate valuo in classification;
et no one will say that the antenn in these two divisions of the
same order are of unequal physiological importance. Any nuber
of instances could e given of the varying importance for class
fication of the same important organ within the same group of

eing
Again, no one will say that rudimentary or atrophied organs are
of high physiologieal or vital dly, organs

o
in this condition are often of much value in classification. No 0%
‘will dispute that the rudimentary teeth in the upper jaws of yous
ruminants, and certain rudimentary bones of the leg, are highly
serviceable in exhibiting the close affinity between ruminants 854
pachyderms. Robert Brown has strongly insisted on the fuct that
the position of the rudimentary florets is of the highest importase®
in the classification of the grasses.
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Numerous instances could be given of characters derived from
which must be considered of very trifling physiological import-
ance, but which are universally admitted as highly serviceable in
tlu defnition of whole groups. For instance, whether or not there
s an open passage from tho nostrils to the mouth, the only charnc-
ter, according to Owen, which absolutely dis fishes and.
reptiles—the inflection of the angle of the lower jaw in Marsupials
—the manner in which the wings of insects are folded—mere
colour in certain Alge—mere pubescence on parts of the flower in
the nature of the dermal covering, as hair or feathers,
in th Vertebrata, If the Ornithorhynchus had been covered with
feathers instead of hair, this external and trifling character would
have been considered by naturalists as an important aid in deter-
mining the degree of aflinity of this strango creature to birds.
importance, for classification, of trifiing characters, mainly
depends on their being correlated with many other chamcters of
moro or less importance. The value indeed of an aggregate of
characters is very evident in natural history. Hence, as has often
beon remarked, o species may depart from its allies in_ soveral
charaoters, both of high physiological importance, and of almost
universal prevalence, and yet leave us in no doubt where it should
be ranked. Hence, also, it has been found that a classification
founded on any single character, however important that may be,
has always failed; for no part of the orzauisation is invariably
constant, The importance of an aggregate of characters, even when
noo aro important, alone explains the aphorism enunciated by
Linneus, namely, that the characters do ot give the genus, but
the genus gives the charcters; for this seems founded on the
appreciation of many trifling points of resemblance, too slight to be
defined. Certain plants, belonging to the Malpighiacea, bea
perfeot and degraded flowers; in the latter, as A, de Jussieu
Temarked, * the greater number of the characters proper to the
speties, to the genus, to the family, to the class, disappear, and thus
Jaugh at our classification.” When Aspicarpa produced in France,
during soveral years, only these degraded flowers, departing 50
wonderfully in & number of the most important, points of structure
from the proper type of the order, yet M. Richard sagaciously saw,
a5 Jussien observes, that this genus should still be retained amongst
the Malpighiacew. This case well illustrates the spirit of our
classifications.

Practically, when naturalists are at work, they do ot troublo
themselves about the physiological value of the characters which
they use in defining a group or in allocating any particular species.
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I they find o character nearly wniform, and common to 4 great
number of forms, and not common to others, they use it as one of
Tigh value; if common to some lessor number, they use it as of
subordinate valae, This principle has been broadly confossed by
some naturalists to be the true one; and by none more clearly than
by that excellent botanist, Aug. St. Hilaire, If several trifing cha-
racters are always found in combination, though 1o apparent band
of connection can be discovered_between them, especial value is et
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 tho race, are found nearly uniform, they are considerad a5
highly serviceable in classification; but in some groups all these,
the most important vital orgaus, are found to offer characters of
quite subordinate value. Thus,as Fritz 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 branchi, whilst another specics is destitute of them,
We can see why characters derived from the embryo should be
of equal importance with those derived from the adult, for a natunl
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, Milne Edwards
and Agassiz, that embryological characters are the most, important
of all; and this doctrine has very generally been admitted as true.
Nevertheless, their importance has sometimes been exaggerated,
owing to the adaptive characters of larvie not having been excluded;
in oder to show this, Fritz Miller arranged by the aid of such
characters alone the great class of crustaceans, and the arrangement
did not prove  natural one. But there can be no doubt that
embryonic, excluding larval characters, are of the highest valto
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 on
the mode of development of the plumule and radicle. We shall
immediately see why these characters possess so high & value in
classification, namely, from the natural system being genealogical
in its arrangement. ol
Our classifications are often plainly influenced by chains of affini-
ties. Nothing can be easier than to define a number of characters
common to all birds; but with crustaceans, any such definition LS
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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
hans yet, the species at both. ends, from being plainly allod to
others, and these to others, and so onwards, can be recognised
mmvouﬂy belonging to this, and to no other class of the

Geogrlphxul distribution has often been used, though perhaps
not quite logically, in classification, more especially in very large
groups of closely allied forms. Temminck insists on the wtlity or
even necessity of this practice in certain groups of birds; and it has
‘een followed by soveral entomologists and botanists.

Finally, with respect to the comparative value of the various
‘groups of species, such as orders, sub-orders, families, sub-fanilies,
and genera, they seem to be, at least at present, almost arbitrary.
L st ik ey, Dentiem v othery
havo strongly insisted on their arbitrary value. - Instances could
b given amongst plants and insects, of @ gronp first ranked by
practised naturalists as only  genus, and then mised to the rank of
a sub-fumily or family ; and this has been done, not because further
research has detected important structural differences, at first over-
Tooked, but. because numerous allied species with slightly different
grades of difference, have been subsequently discovered.

All the foregoing rules and aids and diffculties in classification
may be explained, if I do not greatly deceive myself, on the view that
the Natural Systerm is founded on descent with modification ;—that
the chiicters which naturlists considr a8 showing true ffty

feen any two or more species, are those which have been in-
nenua from & commion parent, all true classification being genea-
logical;—that, community of descent is the hidden bond which
naturalists have been unconsciously seeking, and not some unknown
plau 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
to be natural; but that the amount of difference in the soveral
Tranches or groups, thongh allied in the same degree in blood to
their common progenitor, may differ greatly, being due to the
different, degrees of modification which they have undergone ; and
this is expressed by the forms being ranked under different gencra,
fumilies, scetions, or orders. The reader will best understand what
is meant, if he will take the trouble to refer to the disgram in the
fourthy 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 carlier form.  In three of these genera (4, F, and 1), o
species has transmitted modified. descendants to the present day,
represented by the fifteen genera (¢ to 2) on the uppermest
Torizontal line. Now all these modified descendants from a single
species, are related in blood or descent in the same degroo; they
may metaphorically be called cousins to the same millionth degreo;
et they differ widely and in different degrees from each other. Tho
forms descended from A, now broken up into two or three fumilies
constitute a distinet order from those descended from T, also broken
up into two families. Nor can the existing species, desoended from
A, be ranked in the ssme genus with the parent A; or those
from T, with the parent I But the existing genus ¥ may be sy
posed to have been but slightly modified ; and it will then rankwith
the parent-genus F'; 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 each 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 all traces
of its parentage, in this case, its place in the natural system will e
1ost, as seems to have occurred with some few existing organisms.
All the descendants of the genus F, along its whole line of descent,
are supposed to have been bus little modified, and they form a single
genus, But this genus, though much isolated, will still ocoupy its
proper intermediate position. The representation of the groaps,
as here given in the diagram on & fiat 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 o linear
series, the representation would have been still less natural ; aod it
is notoriously not possible to represent in a series, on a flat surface,
the affinities which we discover in nature amongst the beings of tbe
same gronp. Thus, the natural system is genealogical in it
arrangement, like & pedigree : but the amount of modification whick
the different groups have undergone has to be expressed by ranking
them under different so-called genera, sub-families, familics, section’s
orders, and classes.

Tt may be worth while to illustrate this view of classification, Y

F
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mﬁ-aﬁu{lw Tf we possessed a perfect pedigree of
cal arrangement of the races of man would
EREND . imition of the various Maguages now spoken
throughout the world ; and. if all extinct languages, and all inter-
‘medinte and slowly changing dialects, were to be included, such an
arrangement would be the only possible one. ~ Yet it might be that
some ancient languages had altered very little and had given rise
tofew new languages, whilst others had altered much owing to the
g, isolation, and state of civilisation of the several co~
dewsnded racs and had thus given rise to many new dialects and
Tanguages. of differe
of the same nmck. 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 fliation 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 single
specios. These are grouped under the species, with the sub-varieties
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 bave insisted
on the necessity of arranging varicties on a natural instead of an
artificial system; wo are cautioned, for iustance, not to class two
varietios of the pine-apple together, merely because their fruit,
though the most important part, happens fo be nearly identical
10 oue puts the Swedish and common turnip together, though the
esculent and thickened stems are so similar. Whatever part is
found to be most constant, is used in classing varieties: thus the
great agriculturist Marshall says the horns are very useful for this
‘purpose with cattle, because they are less variable than the shape
o colour of the body, &e.; whereas with sheep the horns are much
less serviceable, becauso less constant, In classing varietios, T ap-
prebend that if we had a real pedigree, a genealogical classification
would be universally preferred ; and it has been attempted in somo
cases. For we might feel sure, whether there had been more or
less modification, that the principle of inheritance would keep the
forms together which wero allied in the greatest number of points.
In tumbler pigeons, though some of the sub-varieties differ in the

portant character of the length of the beak, yet all are kept
ﬁvmhm from having the common habit of tumbling; but the
has nearly or quite lost this habit : nevertheless,
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without any thought on the subject, theso tumblers are kept in
same group, because allied in blood and alike in somo other
respects. P
With species in a state of nature, every naturalist bas in fuct
Drought descent into his classification; for he includes in his
Towest. grade, that of specics, the two sexes; and how enormously
these sometimes differ in the most important characters, is known
to every naturalist: scarcely n single fact can be predicated in
common of the adult males and hermaphrodites of certain cirri-
pedes, and yet no one dreams of separating them. . As soon as the
three Orchidean forms, Monachanthus, Myanthus, and Catasetum,

immediately considered as varieties; and now I have been able to
show that they are the male, female, 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
technical sense be considered as the same individual. He includes
‘monsters and varicties, not from their partial resemblance to the
‘parent-form, bt because they are descended from it.

As descent hos universally been used in classing together the
individuals of the samo specics, though the males and females
and larvee are sometimes extremely different ; and as it has boen
used in classing varicties which have undergone a _certain, and
sometimes o considerable amount of modification, may ot 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 ? I believe it has been unconsciously
used ; and thus only can I understand the several rules and guides
which have been followed by our best systematists. As we have
no written pedigrees, we are forced to trace community of descent.
by 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 ex]
Rudimentary structures on this view are as good as, or even some-
times better than, other parts of the organisation. We care not how
trifling a character may be—let it be the mere inflection of the
angle of the jaw, the mauner in which an insect’s wing is folded,
whether the skin be covered by hair or feathers—if it prevail
throughout many and different species, especially those having very
different habits of life, it assumes high value; for we can
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for its presence in so many forms with such different habits, only
by inberitance from a common parent. We may e in this respect

in regard to nnglu pomlx of structure, but when several characters,
et them be eve g, concur throughout a large group of
beings baving 4 dlﬂ'omnt ‘habits, we may feel almost sure, on_the
theory , that these characters have been inherited from

o common. lncelwr and we know that such aggregated charactors
have especial value in classification.

Wo can understand why a species or  group of species may
depart from its allies, in several of its most important characteristics,
and yet be safely classed with them. This may be safely done, and
is often done, as long as a sufficient, number of characters, let them
be ever so unimportant, betrays the hidden bond of community
of descent. Let two forms have not a single character in com-
mon, yet, if these extreme forms are connected together by a chain
of nkrmedate groupe, wo may o o infer thei community of
descent, and e put them all into the same class. As we
organs of high physiological importance—those which serve to
preserve life under the most diverse conditions of existenco—are
generally the most constant, we attach especial value to them
but if these same organs, in auother 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-
mcters are of such high classificatory importance. ~Geographical
distribution may sometimes be brought usefully into play in
classing large genera, because all the species of the same genus,
inhabiting any distinct and isolated region, are in all probability

lescended from the same parents.

Analogical Resemblunces.—Wo can understand, on the above
viows, the very important distinction between real affinities
and analogical or adaptive resemblances. Lamarck first called
attention to this subject, and he has been ably followed by

deay 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 onlers of mammals and fishes, are ana-
logical. 80 is the resemblance betyween & mouse and a shrew-mouse
(Sorex), which belong to different orders; and the still closer
resemblance, insisted on by Mr. Mivart, between the mouse and
@ small marsupial. animal (Antechinus) of Australia. These latter
Tesemblances may be accounted for, us it seems to me, by adapta-
tion for similarly active movements through thickets and herbage,
together with concealment from enmies.
Amongst insects there are innumerable similar instances; thus

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



374 Classification. Crar. X1y,

TLinnzeus, misled by external appearances, actually classed an
Tomopterous insect as a moth. We see something of the sume
kind even with our domestic varieties, as in the strikingly similar
shape of the body in tho improved breeds of the Chinese and
common pig, which aro descended from distinct species; and in
the similarly thickened stems of the common and specifically
distinct Swedish turnip. The resemblance between the greyhound
and the racehorse is hardly more fanciful than the analogics
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 o 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 samo characters are analogical when one group is com-
pared with another, but 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 are s
nearly similar throughout the whole family, we caunot doubt
that they have been inherited from a common ancestor. 801t is
with fishes.

fumerous cases could be given of striking resemblances in quite
distinct beings between single parts or organs, which have been
adapted for the same fanctions. A good instance is afforded by
the close resemblance of the jaws of the dog and Tasmanian wolf
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 cuiting shape
of the molar teeth. ~For the teeth really diffor 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 di
ferent milk dentition. Any one may of course deny that the teeth
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in cither case have been adapted for tearing flesh, through tho
natural selection 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
different fishes possessing electric. organs,—of widely difforent,
insects possessing Huminous organs,—and of orchids and asclepiads
Taving 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.
In all such cases some fandamental difference in the growth or
dovelopment of the parts, and generally in their matured structure,
«can be deteoted. The end gained is the same, but the means,
though appearing superficially to be the same, are essentially di
forent. The principle formerly alluded o under the term of ana~
logical variation bas probably in these cases often come into play
that is, the members of the same class, although only distantly
allied, have inherited so much in common in their constitution,
that they are apt to vary under similar exciting causes in  similar
‘manner; and this would obviously aid in the acquirement through
natural selection of parts or organs, strikingly like each other, inde-
‘pendently of their direct inheritance from a common progenitor.

As species belonging to distinct classes have often been adapted
by successive slight modifications to live under nearly similar
to inhabit, for instance, the three elements of land,
air, and water,—we can perhaps understand how it is that a
numerical. parallelism has it e s s
sub-groups of distinct classes. A naturalist, struck with a paral-
ldlism of this nature, by arbitrarily raising or sinking tho value
of the groups in several classes (and all our experience shows that
their valuation i as yet arbitrary), could easily extend the paral-
lelism over a wide range; and thus the septenary, quinary, quater-
nary and ternary classifications have probably arisen.

There is another and curious class of cases in which close external
Tesemblance does ot depend on adaptation to similar habits of life,
but has been gained for the sake of protection. I allude to the
wonderful manuer in which certain butterflies imitate, as first
described by Mr. Bates, other and quite distinct species. This
excellent, observer has shown that in some districts of S, America,
‘where, for instance, an Tthomia abounds in gaudy swarms, auother
Dutterfly, namely, a Leptalis, is often found mingled in the same
flock; and the latter so closely resembles the Ithiomia 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 eleven
years, was, though always on his guard, continually deceived,
When the mockers and the mocked are caught and
they are found to be very different in essential structure, and tg
Telong ot only to distinct genera, but often to distinct, familis,
Had this mimicry occurred in only one o two instances, it might
have been passed over as a strange coincidence. But, if we proceed
from a district where one Leptalis imitates an Ithomia, another mock-
ing and mocked species belonging to the same two genern, equally
close in their resemblance, may be found.  Altogether no less than
ten genera aro cnumerated, which include species that imitate
other butterflies. The mockers and mocked always inhabit the
same Tegion; we never find an imitator living remote from the
form which it imitates. The mockers are almost invariably raro
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 Lepidopters mimicking the
same Ithomia: so that in the same place, species of three geners
of butterflies and even a moth are found all closely resembling
a butterfly belonging to a fourth genus. 1t 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 serics to be merely
varieties of the ies ; whilst others are y dists
species. But why, it may be asked, are certain forms treated o
the mimicked and otbers as the mimickers? M. 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
resemble their nearest allics.

© are next lod to inquire what reason can e assigned for
certain butterflies and moths 5o often assuming the dress of another
and quite distinet form ; why, to the perplexity of naturalists bas
nature condescended to the tricks of the stage? Mr. Bates hat,
0 doubt, hit on the true explanation. The mocked forms, which
always abound in numbers, must habitually escape destruction to
@ large extent, otherwise they could not exist in such swarms;
and a large amount of evidence has now been collected, showing
that they ara distasteful to birds and other inscot-devouring apimals.
The mocking forms, on the other hand, that inbabit the sme
district, are comparatively rare, and belong to rare groups; hence
they must suffer habitually from some danger, for otherise, from
the number of eggs laid by all butterflies, they would in three oF
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four generations swarm over the whole country, -Now if a member
of one of these persccuted and Tare groups were to assume a dress
50 like that of a well-protected species that it continually deceived
the practised eyes of an entomologist, it would often deceive pre-
daccous birds and insects, and thus often escape destruction. Mr.
Tates may almost b said to have actually witnessed the process
by which the mimickers have come so closely to resemble the
mimiicked ; for he found that some of the forms of Leptalis which
‘mimic so many other butterflies, varied in an extreme degree.
one district several varicties occurred, and of these one alone
resembled to o certain extent, the common Tthomia of the samo
distriot. In another district there wero two or threo varietics, one
of which was much commoner than the others, and this closely
mocked another form of Ithomia. From facts of this nature,
Mr. Bates concludes that the Leptalis first varies; and when
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 chance of
escaping destruction from predaceous birds and insects, and is
consequently oftener preserved ;—<the less perfect degrees of Te-
semblance being generation after generation eliminated, and only
the others loft to propagate their kind.> o that here we have an
e R

5. Wallaco and Trimen have likewise described soveral

\laﬂy S ki Case of ixiation 1 the Tapidopters of the Malay
Archipelago and Africa, and with some other insccts. Mr. Wallace
has also detected one such case with birds, but we have none with
the larger quadrupeds. The much greater frequency of imitation
with insects than with other animals, is probably the consequence
of their small size; inseots cannot defend themselves, 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 ; hence they are reduced, liko most
wealk ereatures, fo trickery and dissimulation.

Ttshould be observed that the process of imitation probably never
commenced between forms widely dissimilar in colour. But starting
with species already somewhat like cach other, the closest rescm-
blance, if beneficial, could. readily be gained by the above means;
and if the imitated form was subscquently and gradually modiied
through any agency, the imitating form would be led along the
same track, and thus be sltered to almost any extent, so that it
Wight ultimately assume an appearance or colouring wholly unlike

g
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that of the other members of the family to which it belonged,
There is, however, some diffculty on this head, for it is necessary
10 suppose in some cases that ancient members belonging to several
distinot, groups, before they had diverged to their present extent,
accidentally resembled & member of another and protected group
in . suficint degroo o alford some slight protecton; thie having
given the bnu for tho subsequent acquisition of the most perfect
resemblan

O the ahure of the Afimitias connscing Organde Beacatiohd
the modified descendants of dominant species, belonging o the
larger genera, tend to inherit the advantages which made the groups
to which they belong large and their parents dominant, they are
almost sure to spread widely, and to seize on more and more places
in the cconomy of nature. The larger and more dominant groups
within each class thus tend to go on increasing in size ; and they
cansequently supplant many smaller and fecbler groups. Thus we
can account for the fact that all organisms, recent and extinct, 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, as I learn from Dr. Hooker,
it has added only two or three families of small size.

In the chapter on Geological Succession I attempted to show, o
the principle of each group having generally diverged much in
character during the long-continued process of modification, how it
is that the more ancient forms of life often present chamoters 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 moro aberrant any form s, tho
‘greater must be the number of conneoting forms which have been
exterminated and utterly lost. And we have some evidence of
aberrant groups having suffered severely from extinction, for they
are almost always represented by extremely fow species ; and
speces as do oecur are generally very atian e cach otber
which again implies exti The
Tttt e woul 5ot Taye be U Taide hnd
cach 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
een conquered by more successful competitors, with a few mem!
still preserved under unusually favourable conditions.
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Mr. Waterhouse has remarked that, when & member belonging

exhibits an affinity to a quite distinct
group, this affinity in most cases s general and not special ; thus,
according to Mr.

nearly related to Marsupials; but in the points in which it ap-
this onder, its relations are general, that is, not to any one
marsupial species more than to another,  As these points of affnity
aro believed 0 be real and not merely adaptive, they must be due
in accordance with our view to inheritance from & common progeni-
tor, 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
respet {0 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 udmr view we must suppose that the bizeacha has retained,
eritance, more of the characters of its ancient progenitor than
lnvn other Rodents; and therefore it will not be specially related
to any one existing Marsupial, but indirectly to all or nearly all
nnpull. from Laving partially retained the character of their
imon progenitor, or of some early member of the group. On the
e hand, of all Marsupials, as Mr. Waterhouse has remarked, the
Phascolomys resembles 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
Todent. The elder De Candolle has made nearly similar observations
on the general nature of the afinities of distinct families of plants.
On the principle of the multiplication and gradual divergence
character of the species descended from a common progeni
together with their retention by inheritance of some characters in
‘common, we can understand the excessively complex and radiating
.ﬁnici« 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 extinction into distinet groups and.
sub-groups, will have transmitted some of its characters, modified
in various ways and degrees, to all the specics ; and they will con-
sequently be related to each other by circuitous lines of affinity of
variou l:nzlhl(u may be seen in the diagram 50 often referred to),
through many predecessors. ~ As it is difficult to show
tho Hood ulutmmhlp ‘etween the numerous kindred of any ancient
and noble family even by the aid of a genealogical tree, and almost,
impossible to do so without this aid, we can understand the extra-

in
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ordinary difficulty which naturalists have experienced in deseribing,
without the aid of & disgram, the vorious afinities which they
perceive between the many living and extinct members of the sauia
great natural class.

‘Extinction, as we have seen in the fourth chapter, has played an
important part in defining and widening the intervals between tho
several groups in each class. We may thus account for the distinct-
ness of whole classes from each other—for instance, of birds from
all other vertebrate animals—by the belief that many ancient forms
of life have been utterly lost, through which the early progenitors
of birds ors fomery conected with the early progeiion of
the other and at that time less differentiated verte
s T o sl o ettt e ol R onco
connected fishes with batrachians. There has been stil less within
some whole classes, for instance the Crustacea, for here the most
wonderfully diverse forms are still linked together by a long and
only partially broken chain of afinities. Extinction bas only
defined the groups : it has by no means made them ; for if every
form which has ever lived on this earth were suddenly to reappear,
though it would be quite impossible to give definitions by which
each group could be distinguished, still a natural classification, orat
least a natural arrangement, would be possible. We shall see this
by turning to the diagram; the letters, A to L, may represent
eleven Silurian geners, some of which have produced large groups of
modified descendants, with every link in cach branch and sub-
branch still alive; and the links not greater than thoso between
existing varieties. In this case it would be quite impossible togive
definitions by which the several members of the several groups
could be distinguished from their more immediate parents aod
descendants. Yet the arrangement in the diagram would still hold
good and would be natural ; for, on the principle of inheritance, all
the forms descended, for instance, from A, would have something
in common. In a tree we can distinguish this or that branch,
though at the actual fork the two unite and blend together. We
could not, as I have said, define the several groups; but wo
pick out types, or forms, representing most of the characters of each
group, whether large or small, and thus give a general idea of the
value of the differences between them. This is what we should be
driven to, if we were ever to succeed in collocting all the forms it
szy oo clum/ i hawp ived dhmoughont allime a8
Assuredly we shall never succeed in making so perfoct
tion : nevertheless, in certain classes, we aro tending e tis
end; and Mile Edwards has lately insisted, in an able paper, 0%
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the high importance of looking to types, whether or not we can
separate and define the groups to which such types belong.

Finally, wo have seen that nataral selcetion, which follows from

{he struggle for existence, and which almost inevitably leads to
extinction and divergence of character in the descendants from any
one parent-species, explains that great and universal feature in
the affnities of all organic beings, namely, their subordination
in group under group. We use the element of descent in
classing the individuals of both sexes and of all ages under ono
species, although they may have but few characters in common ;
we use descent in classing acknowledged varieties, however different
they may be from their parents; and I believe that this clement of
descent is tho hidden bond of connexion which naturalists have
sought under the term of the Natural System. On this idea of tho
atural system being, in so far as it has been perfected, genealogical
in its arrangement, with the grades of difference expressed by tho
terms genera, families, orders, &, we can understand the rules
which wo are compelled to follow in our classification. We can
understand why we value certain resemblances far mor than
athers; why we use rudimentary and useless organs, or others of
riflng physiological importance; why, in finding the relations
‘between one group and another, we summarily reject analogical or
adaptive characters, and yet use these same characters within the
its of the sume group. We can clearly see how it is that all
living and extinet forms can be grouped together within a few great
classes§ and how the seveml members of each class are connected
together by the most complex and radiating lines of afinities. We
shall nover, probably, disentangle the inextricable web of the
affinities between the members of any one class ; but when we have
nct object in view, and do not look to some unknown plan of
ereation, we 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 nhmmr., but receives aid from homologous and

Todimentary orgs ell as from the successive periods at which
S ek 2 cf i avo lieved to havo,fst sppeared. in our
‘geological formations. Ho has thus boldly made a great beginning,
‘and shows us how classification will in the future be treated.
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Morphology.

We have seen that the members of tho same class, independently
of their habits of life, resemble each other in the goneral plan of
their organisation. This resemblance is often expressed by the
term “unity of type; " or by saying that the several parts and organs
in the different species of the class are homologous. The whole
subject is included under the general term of Morphology. This iy
one of the mast interesting departments of natural history, and may
almost be said to be its very soul. What can be moro curious than
that the hand of a man, formed for grasping, that of a mol 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 i, to give a subordinate though striking instance, tha
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 trees,—those of the
ground-dwelling, insect or 100t eating, bandicoots,—and thoss 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,
so that they appear like a single toe furnished with two claws.
Notwithstanding this similarity of pattern, it is obvious that the
hind feet of these several animals are used for as widely different
purposes as it is possible to conceive. The caso is rendered all the
more striking by the American opossums, which follow early
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 he then adds *butis it
not powerfully suggestive of true relationship, of inheritance from &
‘common ancestor ?”

Geoffroy St. Hilaire has strongly insisted on the high importanco
of relative 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
leg, transposed.  Hence the same names can be given to the homo=
logous bones in widely different animals, We sce the same great
law in the construction of the mouths of insects : what can be mor®
different than the immensely long spiral proboscis of a sphinx-1othy
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the curious folded one of a bee or bug, and the great jaws of
beetle?—yet all these orgaus, serving for such widely different
urposes, are formed by infinitely numerous modifications of an
upper lip, mandibles, and two pairs of maxille. The same law
govemns the construction of the months 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
5 the doctrine of final causes. The hopelessness of the attempt

has been expressly admitted by Owen in his most interesting work

on the *Naturo of Limbs’ On the ordinary view of the inde-
pendent creation of each being, we can only say that 5o it is;—
that it has pleased the Creator to construct all the animals and
plants in cach great class on a uniform plan; but this s not a
scientific explanation.

The explanation is to  large extent simple on the theory of the
selection of successive slight modifications,—each modification being
‘profitable in somo way to tho modified form, but often affeoting by
corlation. 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, 5o a5 to serve as a fin; or a webbed
Yand might bavoall it bonss o cetain bons lengthened to any
extent, with the membrane connecting them increased,
serve a8 a wing 5 yet all these modifications would not lad o
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 goneral pattern, for whatever purpose they
mification of the homo~
logous construction of the limbs throughout the class. S0 with
the mouths of insects, we have only to suppose that their common
progenitor had an upper lip, mandibles, and two pairs of maxill,
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 conceivable
that the general pattern of an organ might become so much
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 the 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

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



Cr. Xy,
suctorial crustaceans, the general pattern seems
e g L thusto bhave become

There is another and equally curious brnch of our subject;
mamely, serial bomologies, or the comparison of the different party
or organs in the sune individual, and not of the same arts or
organs in different members of the same class. Most physilo-
gists believo that the bones of the skull are homologons—that
is, correspond in number and in relative connexion—with the
elemental parts of a certain mumber of vertebre. The anterior
and posterior limbs in all the higher vertebrate classes are plainly
homologous. 8o 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

In monstrous plants, we often got direct cvidence of the
‘possibility of one organ being transformed into another; and wo
can actually see, during the early or embryonic stages of develo
‘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 are the cases of serial homologies on the
orlinary 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 vertcbrm? As
Owen has remarked, the benefit derived from the yielding of the
separato picces in the act of parturition by mammals, will by no
means explain the same construction in the skulls of birls and
reptiles.  Why should similar bones have been created to form
the wing and the leg of a bat, used as they are for such totally
different purposes, namely flying and walking? Why should ono
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 flower, though fitted
for such distinct be all ted on the same pattem?

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 molti-

384 Morphology.

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



—
Caa. XIV. Morphology. 385

unknown progenitor of the Vertebrata probably possessed many
vertebra; the unknown progenitor of the Articulata, many seg-
ments; and the unknown progenitor of flowering plants, many
Jeaves arranged in one or more spires. We have also formerly
seen that parts many times repeated. are eminently linble to vary,
not ouly in number, but in form. Consequently such parts,
being already present in considerable numbers, and being highly
variable, would naturally afford the materials for adaptation to the
most difforent purposes ; et 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
o bo similar; the parts being at an early stage of growth alike,
and being subjected to nearly the same conditions. parts,
‘whether more or less modified, unless their common origin became
wholly abseured, would be serially homologous.

In the great class of molluscs, though the parts in distinct
spocies can’ be shown to be homologous, only a few serial hom
logies, such as the valves of Chitons, can be indicated; that
wo are seldom enabled to say that one part is homologous with
anther part in the same individual. And we can understand this
fact ; for in molluscs, even in_the lowest members of the class, we
do ot find nearly so much indefinite repetition of any one pu
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 woll shown in a remarkable paper by
Mr. E. Ray Lankester, who has drawn an important distinction
Detiveen certain classes of cases which have all been equally ranked
by naturalists as homologous, He proposes to call the structures
which resemble each other in distinet animals, owing to their
descent, from & common progenitor with subsequent modification,
lomogenous ; and the resemblances which cannot thus be accounted
o, he proposes to call homoplastic, For instance, he believes that
the Learts of birds and mammals are as o whole homogenous,—
that i, have een derived from @ common progenitor; but that
the four cavities of the heart in the two classes aro bomoplastio,—
that s, have been independently developed. Mr. Lankester also
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adduces the closo resemblance of the parts on the right and lefy
sides of the body, and in the successive segments of th same indj.
vidual animal; and here we have parts comuonly called homon
logous, which bear 1o relation to the descent of distinct, species
from a common progenitor. Homoplastic structures are the s
with those which 1 have classed, thouzh in a ve
manner, as analosous wodifications o resemblances.  Their
tion may be attributed in part to distinet organisms, or to distict
parts of the same organism, having varied in an analogous maun

in part to similar modifications, having been preserved for
the same general purpose or function,—of Which many instances
have been given.

Naturalists frequently speak of the skul as formed of metamar-
phosed vertebree: the jaws of crabs as metamorphosed logs; th
stamens and pistils in flowers as metamorphosed leaves; but it
would in most cases be more correct, as Professor Huxley hus
remarked, to speak of both skull and vertebrm, jaws and legs, &,
as having been metamorphosed, not one from the other, as they
now exist, but from some common and simpler element. Most
natunalists, however, use such language only in & metaphorical
sense; they are far from meaning that during a long course of
descent, primordial organs of any kind—vertebre in the one case
and legs in the other—have actually been 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 tho
jaws, for instance, of a crab retaining numerous characters, which
they probably would have retained through inheritance, if they
had really been metamorphosed from true though extremely sitple
legs, is in part explained.

Development and Enbryology.

This is one of the most important subjects inthe whole round of
natural history. The metamorphoses of insects, with which every
one is familiar, are generally effected abruptly by a few stages;
but the transformations are in reality numerous gradual,
though concealed. A certain ephemorous insoct (Chigeon) duritg
it development, moulis, a8 sbown by Sir J, Lubbock, above
twenty times, and each time undergoes a certain amount
chango; and in this caso wo seo the act of metamorphosis Jor
formed in a primary and gradual manner, Many insccts, o6
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especially certain crustaceans, show us what wonderful changes
of structure can be offected during development.  Such changes,
howover, 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 a submarine rock, should produce, first by budding and
then by transverse division, a host of huge floating jelly-fishes ;
and that these should produce eggs, from which are hatch

swimming animalcules, which attach themselves to rocks
become developed into branching corallines; and so on in an
endless eycle. 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 fiy, namely the Cecidomyia, producing asexually other larva,
and these others, which finally are developed into mature males and
fomales, propagating their kind in the ordinary manner by egas.

It may be worth notice that when Wagner's remarkablo discovery
was first announced, I was asked how was it possiblo to account
for the larve 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,

ironomus, reproduces tself in nearly the same manner, and he
believes that this occurs frequently in the Orler. It is the pupa,
and not the larva, of the Chironomus which lins this power; and
Grimm further shows that this case, to o certain extent, “ unites
that of the Cecidomyia with the parthenogenesis of the Coccidwe
the term parthenogenesis implying that the mature females of the
Coccide 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.
unsually early age; and we have only to accelerate partheno-
genetio reproduction by gradual steps to an earlier and. carlier age,
—Chironomus showing us an almost exactly intermediate stage,
vit, that of the pupa—and we can perhaps account for the mar-
vellous case of the Cecidomyia.

It has already been stated that various parts in the same indi-
‘vidual which are exactly alike during an carly embryonic period,
‘become widely different and serve for widely different purposes in
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 than
the statement by Von Baer that *the embryos of n;mm:ulm, of
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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 size.
“In my possession are two little embryos in spirit, whose names
“1 have omitted to attach, and at present T 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 the
“mode of formation of the head and trunk in these animals. The
“extremities, however, are still absent in these embryos. But
““even if they bad existed in the earliest stage of their develop-
“ment we should learn nothing, for the feet of lizards and mam-
“xmals, the wings and feet of birds, no less than the hands and feet
“of man, all arise from the sme fundamental form.” The larvo
| of most crustaceans, at corresponding stages of development, closcly
resemble each other, bowever 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 lnte azo:
thus birds of the sume genus, and of allied gevers, often resemblo
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
Jion and the puma. We occasionally though rarely see something
of the same kind in plants; thus the first leaves of the ulex or
fur o first leaves of the phyllodineous acacias, are pinnate
or divided like the ordinary leaves of the loguminose.

The points of structure, in which the embryos of widely different
animals within the same class resemble 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
loop-like courscs of the arterics 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 2 st and i, the spawn o & fug wades water. Wo ave o

n o believe in such a relation, than we have to believe
Wl 1 it taboons e s sy wing of & bat, and fin
of a porpoise, are related to similar conditions of life. 'No one
supposes that the stripes 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 an
of its embryonic carcer is active, and has to provide for itsell. The
period of activity may. come on earlier or later in life; but whenever

Danwin Online: By permission of the Trustess of the Natural History Museum
Tl oriclor.



Cur. XIV.  Development and Embryology. 389

it comes ov, the adaptation of the larva. to its conditions of life is
just as perfect 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
larva of some insects belonging to very different orders, and on
the dissimilarity of the larve of other insects within the same

according to their habits of life. Owing to such adaptations,
the similarity of the larv of allied animals is sometimes greatly
olscured;; especially when there is a division of lnbour during tho
ifferent stages of development, as when the same larva. has during
one stage to search for food, and during another stage has to search
for & place of attachment, Cases can even be given of the larve of
allied species, or groups of species, differing more from cach other
than do the adults. Tn most cases, however, the larvie, though
active, still bey, 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 & crustacean :
but a glance at the larva shows this in an unmistakable manner,

in the two main divisions of cirripedes, the pedunculated and
sessile though differing widely in external appearance, have larvis
in all their stages barely distinguishable.

The embryo in the course of development generally rises in
organisation ; I use this expression, though T am aware that it is
hardly possible to define clearly what is meant by the organisation.
being higher or lower. But 1o one probably will dispte that the
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 o cirripedes : the larva: in the first stage have three pairs of
locomotive organs, a simple single eye, and a probosciformed mouth,
QRS Wity foo argty, o iy fneesto much s
the second. stage, answering to the stage of butterflies,
they have six pairs of beautifully cnwst_n\cnkl natatory legs, a pair
of T and extremely complex antenn ;

hey have a closed and imperfect mouth, and cannot feed :
Pl stage is, to search out by their well-developed
organs of sense, and to reach by their active powers of swimmi
S oper e o whic to beome attached and to undergo their
final metamorphosis. When this is completed they are fixed for
lifo: their legs are now converted into prebensile organs; they
again obtain a well-constructed mouth ; but they have no antennz,
aud their two eyes are now reconverted into a minute, single,
simple cyc-spot. In this last and complete state, cirripedes may
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e considered as either more highly or more lowly organised than
they were in the larval condition. But in some genera the larvas
Tecome developed into hermaphrodites having the ordinary struc-
{ure, and into what I have called complemental males ; and in the
L =i has assuredly been retrograde, for the malo
mere sack, which lives for a short time and is destitute of
AT and every other organ of importance, excepting
those for reproducti
We are so much accustomed to see a difference in structure be-
tween the embryo and the adult, that we are tempted to look at
this difference as in somo 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 whole groups of animals aud in certain members of other
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 cephalopodic character is
manifested long before the parts of the embryo are completed.”
Land-shells and fresh-water orustaceans 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 underzo any metamorphosis. The
larv of most insects pass through a worm-like stage, whether they
are active and adapted to diversified. habits, or aro fnnctive from
being placed I the midat of proger nutriment or from beng fed by
ir parents; but in some few cases, as in that of Aphis, if we look
ok simiatis drawings of the development of this insect, by
Professor Husley, we see hardly any trace of the vermiform stage.
Sometimes it is only the earlier developmental stages which fiil.
Thus Fritz Miiller has made the remarkable discovery that certain
shrimp-like crostaceans (allied to Penaus) first appear under the
simple nauplius-form, and after passing through two or more zoex
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 Milller assigns reasons for Lis belief, that if
there had been no 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 struc-
ture between the embryo and the adalt ;—the various parts i the
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same individual embryo, which ultimately become very unlike and
serve for diverse purposes, being at an early period of growth alike ;
—the common, but not invariable, resemblance berween the em-
Tryos or larvee of the most distinet species in the same classj—
tlie embryo often retaining whilst within the ezg o womb, struc-
tures which are of no service to it, either at that or at a later
period of life; on the other hand larvar, which have to provide for
their own wants, being perfectly adapted to the surrounding condi-
tions;—and lnstly the fact of certain larve standing higher in the
scaleof orzanisation than the mature animal into which they are de-
veloped? I believe that all these facts can be explained, as follows.

It is commonly assumed, perhaps from monstrosities affecting the
emlryo 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 ; for it is notorious that breeders of cattle, borses, and
various faney animals, cannot, positively tell, until some time after
birth, what will be the merits or demerits of their young animals.
We see this plainly in our own children; we cannot tell whether &
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 causo
may have acted, and 1 believe often has acted, on one or both
Jarents before the act of generation. It deserves notice that it s
of 1o importance to a very young animal, as long as it remains in
its mother's womb or in the egg, or as long as it is nourished and
Protected by its parent, whether most of its characters are acquired
a little earlier or later in life. It would not signify, for instance,
10  bird which obtained its food by having a much-curved beak
whether or not, whilst young it posses<ed 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
rst appears in the parent, it tends to re-appear at a corresponding
age in the offspring, Certain variations can only appear at corres-
ponding ages; for instance, peculiarities in the caterpillar, cocoon,
or imago states of the silk-moth : or, again, in the full grown horns
of cattle. But variations, which, for all that we can see might
have first appeared cither earlier or later in life, likewise tend to re-
appear at a corresponding age in the offspring and yarent. Tam
far from meaning that this is invariably the case, and I could give
sovernl. exceptional cases of variations (taking the word in th
Jargest sense) which have supervencd at an carlier age in the child
thau in the parent.

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




392 Development and Embryology.  Cnsr. XIV,

“These two principles, namely, that slight variations generally
appear at a not very early period o erited at a cor-
e cadiig Vasbeany o e ey TAbaATS NGt abers
specified leading facts in embryolozy. But first let us look to a few
analogous cases in our domestic varietics. Some authors who have
written on Dogs, maintain that, the greyhound and bulldog, though
80 different, are really closely allied varietics, descended from tho
same wild stock ; henco 1 was curious to sce how far their puppics
differed from each other: T was told by breeders that they differed
just as much 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 bad not
acquired nearly their full amownt of proportional difference. o,
again, T was told that the foals of cart and race-horses—breods
which have been almost wholly formed by selection under domesti-
cation—differed as much as the full-grown animals; but having had
caroful mensurements made of the dams and of threc-days-old
colts of ace and heavy cart-horses, I find that this is by 1o means
the case.

As we have conclusive evidence that the breeds of the Pigeon
are descended from a single wild species, I compared the yonng
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 pareni-species, in_pouters, fatails, runts, barbs,
drazons, carriers, and tumblers. Now some of these birds, when
mature, differ in so extraordinary & manner in the longth and form
of beak, and in other characters, that they would certainly have
been ranked as distinct genera if found in u state of nature. But
wheu the nestling birds of these several brecds were placed in a rov,
though most of them could just be distinzuished, the proportional
differences in the above specified points were incomparably less than
in the full-grown birds, Some characteristic points of difference—
for instance, that of the width of mouth—could hardly be detected
in the young. But there was one remarkable exception to this rule,
for the young of the short-facedtumbler 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 ry
grown up: they are indifforent. whether the de ualitio
acquired earlier or later in 1ife if the full-grown animal
them. And the cases just yiven, more especially  that o the
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pieons, show that the characteristio differences which have 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 ding 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
characteristic differences must cither have appeared at an carlier
period than usual, o, 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 spocies in a state of
mature. Let us take & 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 tho several species at & not early age, and having been inherited
at a comesponding 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 breeds of the
pigeon.  We may extend this view to widely distinct structures and
10 whole classes. The fore-liwbs, for instance, which once served
25 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 wodified
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 bave had in modifying
the limbs or other parts of any species, this will chiefly or solely
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 bave becn transmitted to the offspring at a cor-
responding nearly mature age. Thus the young will not be modi-
Sied, 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
ata very carly period of life, or the steps may have been inherited
atan earlier age than that at which they first occurred. In cither
of theso cases, the young or embryo will closely resemblo the
‘mature parent-form, as we have seen with the short-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 respeet to the final cause of the young in such
groups ot passing through any metamorphosis, wo 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 sune manner as their parents,
Again, with respect to the singular fact that many terrestrial and
fresh-wator animals do not undergo any metamorphosis, whilst
‘warine members of the same groups pass through various transfor-
mations, Fritz Miller has sugzested that the process of slowly
s and adapting an animal to live on the land or in fresh
, would be greatly simplified by its not
passing through any lurval stage; for it is not probable that places
well adapted for both the larval and matare stages, under such new
and greatly changed habits of life, would commonly be found nn-
aceupied or ill-occupied by other organisms. In this
gradual acquirement at an earlior and earlier age of the adult
structure would be favoured by natural selection ; and all traces of
furmer 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
the young or the larva might be rendered by natural selection more
and more different from their parents to any conceivable extent.
Differences in the larva might, 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, as
i the case with many animals. The adult might also become fitted
fur sites o habits, in which organs of locomotion or of the senses,
&e., would be useless 5 and in this case the metamorphosis would be
retrograde,

From the remarks just made we can see how by changes of struo-
ture in the young, in conformity with changed habits of life, to-
gether with inheritauce at corresponding ages, animals might come
e e
‘primordial condition of their adult progenitors. Most, of our best
et e S pupal
stages of insects have thus been acquired through adaptation, and
not through inheritance from some ancient form. The curious case
of Sitaris—n beetle which passes through certain unusual stages of
development—will illustrate how this might ocour. The first larval
form is described by M. Fabre, as an active, minute insect, furnished
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with six legs, two long antenne, and four eyes. These larve are
hatched in the nests of bees; and when the male-bees emerge from
ther burrows, in the spring, which they do before the females, the
lare spring on them, and aiterwards crawl on to the feniales whilst
Jaired with the males. As soon as the femalo beo deposits her
egzs on the surface of the honey stored in the cells, the larva of
tho Sitaris leap on the ezgs and devour them. Afterwards they
nndergo a complete change; their eyes disappear; their legs and
antennze become rudimentary, and they feed on honey; so that they
now more closely resemble the ordinary larvee of insects ; ultimately
they undergo a further travsformaticn, and finally emerge as tho
perfect beetle. Now, if an insect, 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
e widely different 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.
1 the great class of the Crustacea, forms wouderfully distinet from
each other, namely, suctorial parasites, cirripedes, entomostraca, and
even the malacostraca, appear at first as larva under the nauplis-
form; and as these larve live and feed in the open sea, and are not
adapted for any peculiar habits of life, and from other reasons
assigned by Fritz Muller, it is probable that at some very remote
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
robable, from what we know of the embryos of mammals, birds,
fishes, and reptiles, that these animals are the modified descendants
of some ancient progenitor, which was fumished in its adult stato
with branchiie, a swim-bladder, four fin-like limbs, and  long tail,
all fitted for an aquatio life.

As all the organic beings, extinct and recent, which have ever
Tived, can be arranged within a few great classes ; and as all within
each class have, according to our theory, been comected together
by fine gindations, the best, and, it our collections were nearly per-
fect, the ouly possible arrangement, would be genealogical ; descent
being the hidden bond of connesion which naturalists have been
socking under the term of the Natural System. On this view wo
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 yass through closely similar embryonio
stagos, wo may foel assured that they all are descended from ono

descent, for in one of two groups the developmental stages may
have been suppressed, or may have been so greatly modified throngh
adaptation to new habits of life, as to be no longer recoznisable.
Tven in groups, in which the adults have been modified to an ex-
treme degree, community of origin i often revealed by the structuro
of the larvae; we have 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 structure of the less modified and
ancient progenitor of the group, we can see why ancient and extinet
forms 50 often resemble in their adult stato the embryos of existing
species of the sumo class, Asassiz belioves this to be a universal
Law of nature; and we may hope hereafter to see the law proved true.
1t can, however, be proved true only in those cases in which the
ancient state of the progenitor of ol has not been wholly
obliterated, either by successive vas s having supervened at a
ety ety Tari o o s 5Y Sk yhr i e
vited at an earlier age than that at which they first appeared. 1t
should also be borne in mind, that the law may be true, but yet,
owing to the geological record mot extending far enough back in
tm, may roman ft & lung paio, o r aver,incapatle of femon-
simtion.  Tho law will no srifly hold good i thote e |

ich an ancient form became adapted in its larval state to some
l]mcinl line of ife, and transmitted the same larval state to & wholo
group of descendants; pm will notresemble any still
‘more ancient form i ult state.

Thl o o 0 ;e Iading AR YOSl ey et
are second to none in importance, are explained on the principle of
variations in the many descendants from some ane ancient proge-
nitor, having appeared at a not very early period of life, and having
been inherited at & corresponding period.  Embryology rises greatly
in interest, when we look at the embryo as a picture, more or less
obsenred, of the progenitor, either in its adult o larval state, of all
the members of the same great class.
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Rudimentary, Atrophied, and Aborted Organs.
or parts in this strange condition, bearing the plain stamp
of inutility, are extremely common, or even general, throughout
nature. 16 would be impossible to name one of the higher animals
in which some part or other is not in & rudimentary condition. In
m ‘mammalia, for instance, the males possess rudimentary mammie ;
kes ono lobe of tho lungs s rudimontary; in birds the
"hmmd wing” may safely sidered as a radimentary digit,
and in some species the L rudimentary that it
cannot be used for flight. What can be more curious than the
of teeth in feetal whales, which when grown up have not a.
tooth in their heads; or the teeth, which never cut through the

gums, in the upper jaws of unborn calves?

Tudimentary orgavs plainly declare their origin and meaning in
various ways. There are bectles belonging to closely allied species,
oreven to the same identical species, which have either fall-sized
and perfect wings, or mere rudiments of membrane, which not
marely lie under wing-covers firmly soldered together; and in these
casos it s impossible to doubt, that the rudiments e wings.
lludlmnn!lry organs sometimes retain their potent this oc-

casionally oceurs with the mamma of male mmmu‘.\ls, which have
been known to beeome well developed and to secrete milk. So
azain in the udders in the genus Bos, there are normally four deve-
loped and two rudimentary teats; but the ltter in our domestic
cows sometimes become well developed and yield milk. In regard
to plants the petals are sometines rudimentary, and sometimes well-
developed in the individuals of the same species. In certain plants
having separated sexes Kolreuter found that by erossing a species, in
which the male flowers included a rudiment of a pistil, with an
Termaphrodite species, baving of course a well-developed pistil, the
rudiment in the hybrid ofispring was much inoreased in sizo; and
this clearly shows that the rudimentary and perfect pistils are es-
sentially alike in nature. An animal may possess various parts in
& perfct 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,  bas gills, and passes
*“ jts existence in the water; but the Salamandra atra, which lives
(r hlgh up among the mountains, brings forth its young full-formed.
animal never lives in the water. Yet if we open a gravid
b fz’m-lu wo find tadpoles inside her with esquisitely feathered
“gills 3 and when placed in water they swim about like the tad-
“ poles of the water-newt, Obviously this aquatic organisation has
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o reference to the future life of the animal, nor has it any adap-
“ tation to its embryonic condition; it has solely reference to
ancestral adaptations, it repeats & phase in the development of its
e pvuu\m rs.”

“An organ, serving for two purposes, may become rudimentary or
ablrly ahoried o One, vem the more fenporteut parpoue,aud resain
|mvluctl efficient 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  stigma supported on a style; but
in some (‘mn.lmu\- the male florets, which of course cannot be
fecundated, have a rudimentary pistil, for it is not crowned with a
stigma but the style remains well developed and is clothed in the
ustal manner with hairs, which serve to brush the pollen out of th
surrounding and conjoined anthers. Again, an organ may become
rudimentary for its proper purpose, and bo msed for n distincy
one: 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 in-
stances could be given.

“Treli orgao; however litla they may bo davelaped, uoloss we
Javo ressn o suppose that they wers omery nor ghly deve-
Toped, ought not fo be considered as rudimentary. They be
i rasnt conlli A AT e R
ment. Rudimentary organs, on the other hand, are either quite use-
Tess, such as teeth which never cut through the gums, or almost

'As organs in this condition would formerly, when still Tess
developed, have been of even less use than at present, they cannot
formerly have been produced throngh variation and natural selcetion,
which acts solely by the preservation of useful modifications. They
b b secially i Sl e inheritance, and re-

© toa former state of things. It is, however, often dificult to
Slitingaial botwsea. vl ey o ket Goldla's et
it oy swhatkn pack i e e
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 extinct. The wing of the
penguin is of high 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 orzaus
which attain full fanctional development in higher vertebrates ;™
Tut, according to the view lately advoeated by Dr. Ginther, they
are probably 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 4 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 i

Rudimentary organs in the individuals of the same species are
very linble 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 organs may be utterly
aborted ; and this implies, that in certain animals or plants, parts
are entirely absent which avalogy would lead us to expect to find in
them, and which are occasionally found in monstrous individuals.
Thus in most of the Scrophulariacea the fifth stamen is utterly
alortad ; yet we may cnnel\ulc 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-
tim n in the common snap-dragon. Tn mww the homo-
logies of any part in different members of the sume class, nothing
s more common, or, in order fully to Jaersand din ‘seations
the parts, more useful than the discovery of rudiments. This s well
shown iin 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. Tt is also, I
Telieve, a universal rule, that a rudimentary part is of greater size
in the embryo relatively to the adjoining parts, than in the adult;
50 that the organ at this early age is less rudimentary, or even
cannot be said to be in any degree rudimentary. Hence rudimen:
tary organs in the adult are often said to have retained their
emhlyomc condition.

1hiave now given the leading facts with respect fo rudimentary
orauns, In reflecting on them, every one must be struck with
astonishment;; for the same reasoning power which tells us that
Host parts and organs are exquisitely adapted foe ortaln parpose,
tells us with equal plainuess that these rudimentary or atrophicd
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organs are imperfect and useless. Tn works on matural history,
rudimentary organs are generally said to bave been created *for
the sake of symmetry,” or in order “to complete the scheme of
nature.” But this is 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 a 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 these same
bones? What would b thought of an astronomer who maintained
that the satellites revolve in_elliptic courses round their planets
“for the sake of symmetry,” becanse the planets thus revolve
round the sun? An eminent physiologist accounts for the presence
of rudimentary organs, by supposing that they serve to excrete
matter in excess, or matter injurious to the system; but can we
suppose that the minnte papilla, which often represents the pistil in
sale flowers, and which is formed of mere cellular tissue, can thus
act? Can wo suppose that rudimentary teeth, which are subse-
quently absorbed, are beneficial to the rapidly growing embryonic
calf by removing matter 8o precious as phosphate of lime? When
 man's fingers have been amputated, imperfect na been
Known to appear on the stumys, and I could as soon believe that
these vestiges of nails are developed in order to excrete horny
matter, as that the rudimentary nails on the fin of the manatee
have been developed for this sume purpose.

On the view of descent with modification, the origin of rudimen-
tary orzans is comparatively simple; and we can understand to a
Jarge extent the laws governing their imperfect development. We
have plenty of cases of rudimentary orzans in our domestie pro-
ductions,—as the stump of a tail in tailless breeds,—the vestige of
an ear in carless breeds of sheep,—the reappearance of minute
dangling horns in homless breeds of cattle, more especially,
according to Yountt, in young animals—and the state of the
whole flower in the umhﬂov\cr. We often sce rudiments of
t T doubt whether any of these

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
inberited.

1t appears probable that disuse has been the main agent in
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rendering orzans rudimentary. Tt would at first lead by slow steps
to the more and more complete reduction of a part, untl at last it
became rudimentary,—as in the case of the eyes of animals in-
‘habiting dark caverns, and of the wings of birds inhabiting oceanio
islands, which have seldom been forced by beasts of prey to take
fight, and bave ultimately lost the power of flying. Again, an
orzan, useful under certain conditions, might become injurious under
others, 35 with the wings of beetles living on small and exposed
islands; and in this case natural selcction will have aided in re-
ducing the organ, until it was rendered harmless and rudimentary.
Any change in structure and fanction, which can be effected by
small stages, is within the power of natural selection so that an
argan rendered, through changed habits of life, useless or injurious
for ono purpose, might be modified and used for another purpose.
Au or@n might, also, be retained for one alone of its former
functions. Organs, origivally formed by the aid of natural selec-
tion, when rendered useless may well be variable, for their vari-
ations can 1o longer be checked by natual selection.  All this
agrees well with what we sce under nature. Moreover, 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
to exert its full powers of action, the principle of inheritance at
comesponding ages will tend to reproduce the orzan in its reduced
state at the same mature age, but will seldom affect it in tho
enlryo. Thus we can understand the greater size of rudimentary
orgas in the embryo relatively to the adjoining parts, and ¢
lesser relative size in the adult. 1f, for instance, the digit of
an adult animal was used less and less during many generations,
owing to some change of halits, or if an organ or gland was less
and les functionally exercised, we may infer that it would become
reduced in size in the adult descendants of this animal, but would
Tetain nearly its original standard of development in the embryo.
There remains, however, this difficulty. After an organ has
consed being used, and has become in consequence much reduced,
how can it be still further reduced in sizo until the merest vestigo
i left; and how can it be finally quite obliterated? 1t is scarcely
possible that disuse can go on producing any further effect after
the organ has once been rendered. functionless. Some additional
explanation is here requisite which I cannot give. If, for in-
stance, it could be proved that every part of the organisation tends
fovary in a greater degre towards diminution than towards aug-
Tentation of size, then we should be able to understand how an organ
Which has become useless would be rendered, mdupendenzl) of the
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effeots of disuse, rudimentary and would at last be wholly sup-
pressed ; for the variations towards diminished size would no longer
Te checked by natural selection. The principle of the economy
of growth, expluined in o former chapter, by which the materials
forming any part, if not useful to the possessor, are saved as far as
is possible, will perhaps 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 o absorbed for the sake of econo-
‘mising nutriment.

Finally, as rodimentary organs, by whatever steps they may
have been degraded into their present useless condition, are th
recond of a former state of things, and have been retained solely
through the power of inheritance,~we can understand, on the
genealogical view of classification, how it is that systematists, in
Placing orgavisms 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 & word, still retained
in the spelling, but become useless in the pronunciation, but which
serve as a clue for its derivation. On the view of descent with
modification, we may conclude that the existence of organs in a
rudimentary, imperfect, and useless condition, or quite aborted, far
from presenting a strange difficulty, as they assuredly do on the 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 throughout all time in zroups under groups—
that the nature of the relationships by which all living and extinct
orgunisms are united by comples, radiating, and cireuitous Tines of
fow gnd classes,—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 afiinity;
and other such rules ;—allnaturally follow if we admit the common.
parentage of allied forms, together with their modification throngh
iation aud natural selection, with the contingencies of extinction.
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and divergence of character. Tn considering this view of classifica-
tion, it should be borne in mind that the clement of descent has
‘oen universally used in ranking together the sexes, ages, dimorphic
forms, and acknowlodged varieties of the sume specics, however
much they may differ from each other in structure. 1f we extend
the use of this clement of dcmm ﬁnm one certainly known cause
of similarity in organio bei hall understand what is meant
by the Natural System: it is genea\ogml in its attempted arrange-
‘ment, with the grades of acquired difference marked by the terms,
nnem species, genera, fanilies, orders, and classes.

On this same view of descent with modification, most of the
weat facts in Morphology become intelligible,—whether we look
to the same pattern displayed by the different species of the same
class in their homologous organs, to whatever purpose applied ;
ar to the serial and lateral homologies in each individual animal
and plant.

On the principle of successive slight variations, not necessarily
or generally supervening at a very early period of life, and being
uberited 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 which when
matured beoome widely different in structure and function; and
the resemblance of the homologous parts or organs in allied though
distint species, though fitted in the adult state for habits a
different ns is possible, Larva aro active embryos, which have
een specially modified in a greater or less degree in relation to their
habits 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 bus to provide for its own wants, aud bearing in mind
how strong is the force of inheritance—the ocourrence of rudi
mentary organs misht even have been anticipated. The im-
portance of embryological characters and of rudimentary organs
in classification is intelligible, on the view that a natural arrange-
ment must be genealogical

Finally, the several classes of facts which have been considered
in this chapter, soem to mo to proclaim so plainly, that the ivnu-
memble species, genera and families, with which this world is
Teopled, are all descended, each within its own class or group, from

rents, and have all been modified in the course of descent,
that T should without hesitation adopt this view, even if it wero
unsupported by other facts or arguments,

2032
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CHAPTER XV.

RECAPITULATION AND CONCLUSION.

Recapitulation of the objetions 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— How
far the theory of Natural Selection may be extended — Effects of its
adoption on the study of Natural Hixxluryg(}uncluﬁng remarks.

As this whole volume is one long argument, it may be convenient
%o the reader to have the leading facts and inferences briefly re-
capitulated.

That many and serious cbjections may be advanced against the
theory of descent with modification throngh variation and natural
sclection, T do not deny. 1 have endeavoured to give to them their
full force. Nothing at first can appear more difficult to believe than
that the more complex organs aud instincts have been perfected,
not by means superior to, though analogous with, human reason,
but by the accumulation of innumerable slight variations, each good
for the individual possessor. Nevertheless, this diffioulty, thongh
appearing to our imagination insuperably great, cannot be con-
sidered real if we admit the following propositions, namely, that
all parts of the organisation and instincts offer, at least, individual
differences—that there is o struggle for existence leading to the
preservation of profitable 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.

1t is, no doubt, extremely difficult even to conjecture by what
gradations many structures have been perfected, more especially
amongst broken and failing eroups of nr"mnr,- beings, which have
suffered much extinction; but we sce 0 many strange gradations
in nature, that we ought to bo extremely cautious in saing that
any orzan or instinct, or any whole structure, could not have
arrived at its present state by many graduated steps. There are,
it must be admitted, cases of special dificulty opposed to the
theory of natural 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
castes of workers or sterile fomale ants; but I have attempted
1001 e oo 41 e b e
With respect to tho almost universal sterility of species when
frst erossed, whmh forms so remarkable a contrast with the almost
il y of varieties when erossed, I must refer the reader
to the mpiwhlion of the facts given at the end of the ninth
gh.pwr' which seem to me conclusively to show that this sterility

4 1o more & special endowment than is the incapacity of two
a\mm kinds of treos to be srafted together; but that it is
tal on differences confined to the reprodnetive systems of
h inforcrosed apacics. Wo s tho trath of this conciusion in
the vast difference in. the results of crossing the same two spec
Tl Sshat f, whea cn apeios (4 it wid as the ther
and then as the mother. Analogy from the cousideration of
dimorphic and trimorphic plants clearly leads to the same con-
clusion, for when the forms are illegitimately united, they yield
fow or 1o seed, and their offspring are more o less sterilo; and
these forms belong to the ssme undoubted species, and differ from
each other in 1o respect except in their reproductive organs and
functions.

Although the fertility of varicties when intercrossed and of their
mongrel offvpring has been asserted by so many authors to bo
universal, this cannot be considered as quite correct after the facts
given on the high authority of Grtner and Kolreuter. Most of
the varioties which have been experimented on have been pro-
duced under dom jon; and as domestication (I do not mean
mere confinement) almost certainly tends to eliminate that sterility
which, judging from analogy, would have affected the parent-species
if intercrossed, we ought not to expect that domestication would.
likewise induce sterility in their modified descendants when crossed.
This climination of sterility apparently follows from the same
cuse which allows our domestio animals to breed frecly under
diversified. circumstances; and this azain apparently follows from
their having boen gradually accustomed to frequent changes in
their conditions of lfe.

A double and paralle] serios 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
slight changes in the conditions of life give vigonr and fertility to all
organie beings.  We know also that a cross between the distinct
individuals of the same variety, and between distinct varieties,

the number of their ofispring, aud certaiuly gives to them
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increased size and vigour. This is chiefly owing to the forms which
are crossed having been exposed to simewhat different conditions
of lite; for 1 have ascertained by a laborious series of experiments
that if all the individuals of the same variety be subjeoted during
several generations to the same conditions, the good derived from
crossing is often much diminished or wholly disappears. This is
one side 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 occur, or only in &
very slight degree, with our domesticated productions, which have
long been exposed to fiuctuating conditions.  Hence, when we find
that ybrids produced by a cross between two distinet species are
few in number, owing to their perishing soon after conception or
at a very early age, or if surviving that they are rendered more
or less sterile, it scems 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 eleph a fox will not breed under confinement in its native
coustry, whiat the demestia'pig on g il bod ey uadarth
most diversified conditions, will at the same time be able to give a
definite answer to the question why two distinct species, when
crossed, as. well as Ahe!r hybrid offspring, are generally rendered
more or less sterile, whilst o domesticated varieties when crossed
it il R
Turning to geographical distribution, the diffieulties encountered
on the theory of descent with modification are serious enough.
All the individuals of the ssme 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
wo.m they ay now b o, shey aut i the oure of ucomtive
erations have travelled from some one point to all the others.:
SV umtotton whtly skble ‘eranctalbiatotoas il 8
Tave been effected. Yet, as we have reason to believe that some
species have retained the same specific form for very long periods
of time, immensely long as measured by years, too much stress
ought mot to be 1aid on the occasional wide diffusion of the same
species; for during very long periods there will always have been
4 good chance for wide migration by many means. A broken
o interrupted range may often be accounted for by the extinction
of the species in the intermediate egions, It cannot be denied
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that we are as yet very ignorant as to the full extent of the various
elimatal aud geographical changes which have affected the earth
during modern periods; and such changes will often Lave facilitated.
migration, As an example, 1 bave attempted to show how potent
bas been the influence of the Glacial period on the distribution of
the same and. of allied species throughout 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~
biting distant and isolated regions, as the process of modification.
Ins necessarily been slow, all the means of migration will have
ible during a very long period; and consequently the
diffculty of the wide diffusion of the spocies of the sune genus

is in some degree lessened.
As according to the theory of natural selection an interminable
aumber of intermediate forms must, have existed, linking together
the species in each group by gradations as fine as are our

existing varieties, it may be asked, Why do we not sce theso
linking forms all around us? Why are not all orsanic beings
blended together in an inextricable chaos? With respect to
existing forms, we should remember that we have no right to ex-
pect (excepting in rare cases) to discover directly connecting links
Detween them, but only between each and some extinct and sup-
planted form. Even on o 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
occuyied by one species into another district occupied by a closely
allied species, we have no just right to expect often to find inter-
medite varieties in the intermediate zones. For we have reason
0 believe that only species of & genus ever undergo ob
the other species becoming utterly extinet and leaving no modified
Progeny. OF the species which do change, only a few within the
sume country change at the same time; and all modifications
aro slowly effected. 1 have also shown that the intermediate
varieties which probably at first existed in the intermodiate zones,
would be liable to be supplanted by the allied forms on either
hand; for the latter, from existing in greater numbers, would,
generally be modified and improved at a quicker rate than the
intermediate varieties, which existed in lesser numbers; so that
the intermediate varicties would, in the long run, be supplanted
and exterminated.

Ou this doctrine of the extermination of an infinitude of con-
Necting links, between the living and extinct inbabitauts of the
world, and at each successive period between the estinct and still
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older specics, why is not every geological formation charged with
such links? Why does not every collection of fossil remains
afford plain evidence of the gradation and mutation of the forms
privey Although geological research has undoubtedly revealod
the former existence of many links, bringing numerous forms
of life much closer together, it does not yield the infinitely many
fine grodaions botwomn yat and prosent pacs roquird on fhe
theory ; and this is the most obvions of the many objections which
may be urged azainst it. Why, azain, do whole groups of alliel
species appear, though this appearance is often false, to have come
in suddenly on the successive geolosical stages? Althongh we
now know that organic beings appeared on this globe, at a 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.
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 musoums
is absolutely as nothing compared with the countless generations
of countless species which have certainly existed. The parent-
form of any two or moro species would 1ot be in all its characters
diretly intermediat heoween 1 molifed ofisping any mors i
the jigeon s direetly intermediate in crop and tail between
its amummu, the pouter and fantail pizeons, We should not be
able to recoguise a species as the parent of another and modified
species, if we were to examine the two ever o closely, unless we
Jossessed most of the intermediato links ; and owing to the imper-
fection of the gevlogical record, we have no just right to expect
find 8o many links. ~1f two or three, or even more linking forms
were discovered, they would simply be ranked by many naturalists
as 50 many new species, more especially if found in different geo-
Togical sub-stages, let their differences bo 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
o not these doubtful forms ought to be called varieties? Only a
small portion of the world has been geologically explored. Only
organio beings of certain classes can be preserved in u fossil con=
dition, at least in any great number. Many species when once
forumed never undergo 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 tho
periods during which they retained the same form. 1t s the domi-
Dant and widely ranging species which vary most frequently and
vary most, and varieties are often at first local—both eauses
reudering 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 a geological forma-
tion, they appear as if suddenly created there, and will be simply
clased as new species.  Most formations have been intermittent in
their aconmulation ; and their duration has probably been shorter
than the averaze duration of specific forms. Snccessive 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 dogradation can as a general ulo be accumulated
only where much sediment is deposited on the subsiding bed of the

During the alternate periods of elevation and of stationary
lovel the tecord. 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.

‘With respect to the absenco of strata rich in fossils beneath the
Cabrian. formation, I can recur only to the hypothesis given in
the tenth chapter; namely, that though our continents and oceans
lave endured for an enormous period in nearly their present relative
positions, we have o reason to assume that this has always been
the case; consequently formations much older than any mow
Known may lio buried beneath tho great oceans. With respect
to the lapse of time not having been suficient since our planct
was consolidated for tho assumed amount of organic change, and
this objection, as urged by Sir William Thompson, is probably ono
of the gravest as yet advanced, I can ouly say, firstly, that we do
20t know at what rate specics change as measured by years, and
secondly, that many philosophers are not as yet willing to admit
hat we know cnough of the constitution of the universe aud 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 i imperfect to the degree Tequired by our theory, fow will bo
nclined to admit. 1 wo look to long enouh intervals of time,
geology plainly declares that species have all changed ; and they
Yave changed in the manner required by the theory, for they lave
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changed slowly and in a graduated manner, We clearly see this
in the fossil remains from consecutive formations invariably being
o mors ol e o ach ok than are the fossils from
rated formations.

S\mh s the sum of the several chief objoctions and diffculties
which tly urged against the theory; and I have now
Triely mopiiiiaiod o) sommek sed wraluimiin il S
as I can see, may bo given. 1have felt these dificultios far to
heavily during many years to doubt their weight. But it deserves
especial notice that the more important objections relate o ques-
tiuns on which we are confessedly ignorant; nor do we know how
iznorant we are. Wo do not know all the possiblo Sl
gradations between the simplest and the most orzns
cannot be pretended that we know all the variel means of D i
tion during the long lapse of years, or that we know how imperfect
is the Geological Record. Serious as these several abjections are,
in my judgment they are by no means sufficient to overthrow the
theory of descent with subsequent modification.

Now let us tumn to the other side of the argument. Under
domestication we see much variability, caused, or at least excited,
by changed conditions of life; but often in so obscure & manner,
that we are tempted to consider the variations s spontancous,
Variability is governed by many complex laws,—by correlated
growth, compensation, the increased nse and disuse of parts, and
the definite action of the surrounding conditions. There s much
difficulty in ascertaining how largely our domestie productions
have been modified ; but we may safely infer that the amount
has been large, and that st cans inberited for long
periods. As long as the conditions of life remain the same, we
B rohace b Htievn hats s icn, Wit et et
inerited for many generations, may contizme to be inherited for an
almost infinite number of zenerations, On the other hand, we have
evidence that variability when it has once conie into play, does nop
cease under domestication for a very long period ; nor do we know
that it ever ceases, for new varieties are still cccasionally produced
by our oldest domesticated productions.

Variability is not actually caused by man; he only uninten-
tionally exposes  rgeni leinga to new condition of I, 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
accumulates them in avy desired nianmer. He thus adapts animals

plants for bis own benefit or pleasure. He may do this

B
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‘methodically, or he may do it wnconsciously by preserving tho
individuals most useful or pleasing to him without any intention of
altering the breed. It is certain that he can largely infiuence the
character of a breed by selecting, in each succossive generation,
individual differences so slight as to be buappreoawengs by
educated eye. This unconsci selection has been tho
it ey in' e furmntion of the Tmoet dstinct and uxlhd
domosto breeds. That mavy breods produced by man bavo to o
large extent the character of natural species, is y the
inestricable doubts whether many of them are varieties or aborigi-
i
is no reason why the principles which have acted so
«ﬁmendy under domestication should not have acted under nature,
In the survival of favoured individuals and races, during the
constantly-recurrent Strugale for Existence, we see a powerful and
ever-neting form of Selection. The struggle for existence inevitably
follows from the high geometrical ratio of increase which is common
to all organic beings. This hizh rate of increase is proved by
" caloulation,—by the rapid increase of many animals and plants
during a succession of peculiar seasons, and when naturalised in
uew countries. More individuals are born than can possibly
B oot 1 tiocs oy cotermino which Todividoals
shall live B o i shall
increase in m d which shall decrease, or finally become
i e individiala of the e specis come in il
Tespects into the closest, competition with each other, the strugzla
will generally be most severe between them; it will be almot
equally severe between the varicties of the same species, and next
in severity between the specics of the same genus, On the other
land the struggle will often be severe between beings remote in the
scale of nature. The slightest advantage in certain individuals, at
any age or during any season, over those with which they conio
ito competition, or better adaptation in however slight a dogree to
the surrounding physical conditions, will, in the long run, turn tho
Talance,

With animals having separated sexes, there will be in most cases
a struggle between the males for the possession of the females.
The most vigorous males, or those which have most successfully
struggled with their conditions of life, will generally leave most
Progeny. But success will often depend on the males having
i or means of defence, or charms; and a slight
advantage will lead to victory.
As geology plainly pmu..n that each land has undergone great
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p\lyllul changes, we might have expected to find that organie
s have varied under nature, in the same way as they have
un.d under domestication.  Aud if there has been any variability
under nature, it would be an unaccountable fact if natural selection
had not come into play. 1t has ofien been asserted, but the
capable of proof, that the amount of variation under
nature is o mmuy limited quantity. Man, though acting on
external characters alone and often capriciously, can produce within
a short period  great result by adding up mere individual differences
in his domestic productions; and every one admits that species
present individual differences. But, besides such differences, all
naturalists admit that natural vnmmuum ‘which are considered
sufliciently distinct to be worthy
No one has drawn any clear dis wuun Detween individual differ-
ences and slight varieties; or between more plainly marked varieties
and -nbipeciu. and species.  On separate ottty and on
different parts of the sume continent when divided by barviers of
any ki on outlying islands, what a “aultude of furma exut,
which some experienced naturalists rank as varietics, others
seographical Taces or sub-species, and others as distinet, l.hmlgh
closely allied species !
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 benefici d acounulated through
natural selection, or the survival of the fittest? 1f man can by
Jatience select variations useful to him, why, under changing and
complex conditions of life, should not variations useful to nature's
living products often arise, and be ed or selected ? W
lmm can be put 1o this power, acting during long ages and iy
rutinising the whole constitution, structure, and babits of cach
s —favouring the good and rejecting the bad 2 1 can see no
limit to this power, in slowly and beautifully adapting each form to
the most complex relations of life. The theory of natural selection,
even if we look no farther than this, seems to be in the highest
dereo protable, 1 have already recapitulated, a fairly as 1 could,
the oposed difficulties and objections: now let us turn to the
special facts and arguments in favour of the theory.

s

On the view that species are only strongly marked and permanent
varities, and that each specics first existed a5 a variety, we can
sco why it is that no line of demarcation can be drawn between
species, commonly supposed {0 have been produced by special acts
of araion, aud. varicies which are seknovldcd. 10 ave Ixen

Darwin Online: By permission of the Trustees of the Natural History Museum
L Bhdon):



_—
Cuan. XV Recapitulation. 413

by secondary laws. On this same view we can understand.
how it is that in a region where many species of a genus have beon
juced, and where they now flourish, these same species should
pesnt many vmem G L DR CT
‘oen active, pect, as a general rule, to find it still in
action; and il incipient species. More-
over, the species of the larger genera, which afford the greater
number of varieties or incipient species, etain to a certain degreo
the charnoter of varioties ; for they differ from each other by a less
amount of difference than do the specics of smaller genera, The
clesely allied species also of the larger genera apparently have re-
strioted 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
cmnud, ‘but are intelligiblo if cach cxisted first ns a varicty.
each species tends by its geometrical rate of reproduction to
e tiuiery linuiber 4nd se the mocifed desooudanis
of each species will be enabled to increase by as much as they
become more diversified in habits and structure, so as to be abie
1o seize on many asd widely different places in the economy of
nature, there will be a constant tendency in natural selection fo
preserve the most divergent offspring of any Hence,
during a long-continued course of modification, the slight differences
characteristic of varieties of the same species, tend o be augmented
into the greater differences characteristic of the species of the same
genus. New and improved varicties will inevitably supplant and
exterminato the older, less improved, and intermediate varieties;
hus species are rendered to a large extent defined and
distinet, objects. Donuinant _species belonging to the larger
groups within each class tend to give birth to new and domi-
mnt forms; so that each large gmoup tends to become still
larger, and at the samo time more divergent in character. But as
all groups cannot thus go on increasing in size, for the world would
10t old them, lhe ‘more dominant groups beat the less dominant.
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 subordinate to groups, all within a few great classes,
which has prevailed thronghout all time. This grand fact of the
grouping of all organic beings under what is called the Natural
System, is utterly inexplicable on the theory of creation.
A8 natural selection acts solely by acoumulating slight, suocessive,
favourable variations, it ¢an produce no great or sudden modifica~
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L
tions it can act only by short and slow steps, Hence the canon of
“Natura non facit saltum,” which every fresh addition to our
knowledge tends to confirm, is on this theory intelligible, We can
so0 why throughout. nature the same general end. s g

almost” infinite diversity of means, for every peculiarity when onco
acquired is long inberited, and structures already modified in nany
different ways have to be adapted for the same general purpose, We
can, in short, see why nature is prodigal in variety, though ni -mt
in innovation. Tut why this should be a law of nature if ech
species has be-n independently created, no man can explain,

Many other facts are, as it scems to me, explicable on this theory.
How strange it is that o bird, under the form of a woodpecker,
should prey on insects on the ground; that upland geese which
rarely or never swim, shonld possess webbed feet; that a thrush-
like bird should dive and feed on sub-aquatic inscots; and that
petrel should have the habits and structure fitting it for the life of
auauk! 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 et
uch 0 any cooocupld o l-scorpied placs o ot &
cease to be stranze, or might even have been antici

o s faln mal st i e e
50 much beauty throughout nature; for this may be largely attri-
Duted to the agency of selection, That beanty, according to onr
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
hideous bats with @ distorted resemblance to the human face.
Sexual seleotion has given the most brilliant colours, elegant
patterns, and other omaments o the males, and sometimes to
Doth sexes of many birds, butterflies, and other animals. With
birds it has often rendered the voice of the male musical to the
female, as well a8 to our ears. Flowers and fruit have been
rondered conspicuous by u colours n contrstwith thegreen
lages i orge. that.the fowers g be sasly sea, istad 8u
fertilised by Inscets, and the sceds disseminated by birds. How it
comes that certain colours, sounds, and forms should give pleasure
to man and the lower animals,—that is, how the sense of beauty
in its simplest form was first acquired—we do not know auy
more than how certain odours and flavours were first rendered
agreeable,

‘As natural selection acts by competition, it adapts and fmproves
the iubabitants of cach country ouly in relation to their co-
iubabitants; so that we need feel no surprise at the species of auy
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one country, although on the ordinary view supposed to have been
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
Ao e.n judge, absolutely perfect, as in the case even of the
human eye; or if some of them bo abhorrent to our ideas of
B W i 0t el b o iy o tho has when oot
aminst an eneghy, causing the bee's own death; at drones heing
yroduced in such great numbers for one single act, and being then
htered by their sterile sisters; at the nstonishing waste of
pollen by our fir-trees ; at the instinctive hatred of the queen-bee
for her own fertile daughters; at ichnenmonidz feeding within the
living bodies of caterpillars; or at other such cases. The wonder
indeed i, on the theory of natural selection, that more cases of the
want of absolute perfection have not been detected.

The complex and little known laws governing the production
of varieties are the same, s far as we can judge, with the laws
which have governed the production of distinct species. In both
cuses physical _conditions seem to have produced some  direot
and definite effect, but how much we camnot say. Thus, when
varities 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
B i e eaid ik, wiih hae
wings incapable of flight, in nearly the same condition as in the
domestic duck ; or when we look at the burrowing tucu-tucu, which
i occasionally blind, and then at certain moles, which are habitually

Europe.  With varieties and species, correlated variation seems fo
lave played an important part, so that when one part has been
modified other parts have been necessarily modified.  With both
Varieties and species, reversions to long-lost characters occasionally
occur. How inexplicable on the theory of creation is the occasional

‘ppearance of stripes on the shoulders and legs of the several species

the horse-genus and of their hybrids! How simply is this fact
explained if we beliove that these species are all descended from a
striped progenitor, in the same manner as the several domestic
‘breeds of the pigeon are descended from the blue and barred rock=
Vigeon

On the ordinary view of each species having been independently
eneatal, why should specific characters, or thoso by whish the
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species of the same genus differ from each other, be more variable
than generic chamcters 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 specics flerently
coloured flowers, than if all possessed. the same coloured flowers?
1f species are only well-marked varieties, of which the characters
have become in o high degree permanent, we can understand this
fact ; for they have already varied since they brayched off from
common progenitor in certain characters, by which they have como
to be specifically distinet from each other; thereforo these same
characters would be more likely again to vary than the generic cha-
Tcters which have been inherited without change for an immense
period. 1t 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 way naturally infer, of great importance to
that specics, should be eminently lisble to variation ; but, on our
iow, this part has undergone, since the several species branched off
from & 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 inherited for a very long period ; for in
this case it will have been rendered constant by long-continued
natural selection.

Glancing at instincts, marvellous as some are, they offer no
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 sume class with thoir several
instincts. 1 have attempted to show how much light the principle
of gradation throws on the admirable architectural powers of the
hive-bee. Habit mo doubt often comes into play in modifying
instincts; but it certainly is not indispensable, as we see in tho
case of neuter insects, which leave no progeny to inherit the effects
of long-continued habit. On the view of all the species of the samo
genus having descended from  common parent, aod having in-
herited much in common, we can understand how it s that allied
species, when placed under widely different conditions of life, yet
follow nearly the sume instincts; why the thrushes of tropical and
temperate South Ameriea, for instance, live their nests with mud
like our British species. On the view of instincts having been
slowly nequired. through natural selection, we need not marvel
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at some instincts being not perfect and liable to mistakes, and at
‘many instinets causing other animals to suffer,

1f species be only well-marked and permanent varicties, we can
at once see why their crossed offspring should follow the same
complex laws in their degrees and kinds of resemblance to their
pareats—in being absorbed into each other by successive crosscs,
and in other such points,—as do the crossed offspring of acknow-
ledged varieties. This similarity would be a strange fact, if species
had been independently created and varicties had been produced
through secondary laws.

16 we admit that the geological recond 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 different
groups. The extinction of species and of whole groups of specics,
which has played o 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
gradual 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
‘heing in some degree intermediate in character between the fossils
in the formations above and below, is simply explained by their
intermediate position in the chain of descent. The grand fict
that all extinet beings can be classed with all recent beings,
matunilly follows from the living and tho extinct being the of©-
spring of common parents. As species have generally diverged in
character during their long course of descent and modification, we
€n understand why it is that the more ancient forms, or early
progenitors of each 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 scale
of organisation than ancient forms; and they must be higher, in
% far a8 tho later and more improved forms have conquered the
older and less improved forms in the struggle for life; they have
-ho generally had their organs more specialised for different

functions, This fact is perfectly compatible with numerous beings
-nn retaining simple and but little improved structures, fitted for
tions of life; it is likewise compatible with some

2z
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forms baving retrograded in organisation, by having become at
cach stago of descent better fitted for new 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 same country the existing and the extinet will be closely
allied by descent.

Looking to geographical distribution, if wo admit that there has
een during the long course of ages much migration from one part
of the world to another, owing to former climatal and geographical
changes and to the many occasional and unknown meuns of dis-
persal, then we can undorstand, on the theory of descent with
‘modification, most of the great leading facts in Distribution. We

see why there should be so striking a parallelism in the dis-
tribution of organic beings throughout space, and in their geological
succession throughout time ; for in both cases the beings have been
connected by the bond of ordinary generation, and the means of
‘modification have been the same. W seo the full meaning of tho
wouderful fact, which has struck every traveller, namely, that on
the same continent, under the most diverse conditions, under heat
and cold, on mountain an

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, and in the northern
and southern temperate zones; and likewise the close alliance of
some of tho inhabitants of the sea in the northem and southern
temperate Iatitudes, though separated by the whole intertropical
ocean.  Although two countries may present physical conditions
as closely similar as the sune species ever require, we need. feel no
surprise at their inbabitants being widely different, if they havo
been for a long period completely sundered from each other ; for a3
the relation of organism to organism is the most important of all
relations, and as the two countries will have received colonists
at varions periods and in different proportions, from some other
country or from each other, the course of modification in tho two
areas will inevitably have been different.

On this view of migration, with subsequent modification, we
sce why oceanio islands are inhabited by ouly fow specics, but of
these, why many are peeuliar or endemic forms. We clearly sco
why species belonging to those groups of animals which cannok
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cross wide spaces of the ocean, as frogs and terrestrial mammals, do
ot inhabit oceanio islands ; and why, on the other hand, new and
,.mu., species of bats, animals which can traverse the ocean, are
often found on islands far distant from any continent. Such casos
as the presence of peculiar species of bats on oceanic islands and
the absence of all other terestrial mammals, are facts utterly
m,lmu on the theory of independent acts of creation.

The existence of closely allied or representative specics in any
{wo areas, implies, on the theory of descent with modification, that
%t ooty imiabiin bothicarens: acd we
almost. invariably find that wherever many clnlely nllml spocies
inliabit two areas, some identical species are s n to both,
B0 et sy comelyalid yot, distns speoioceenr; onifk
forws and varieties belonging to the same groups likewise ocour.
It is & rule of high generality that the inhabitants of each area are

the inhabitants of the nearest source whenee immigrants
might have been derived. We see this in the striking relation of
nearly all the plants and animals of the Galupagos archipelazo,
of Juan Pernandez, and of the other American islands, to tho
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 mainland. It must be admitted that these
facts receive 1o explanation on the theory of ereation.

The fict, a5 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 extinet groups often falling in between the
recent groups, is intelligible on the theory of natural solection with
its coutingencies of extinction and divergence of character. On
these same principles we see how it is, that the mutual afinities of

s¢e why crtain characters are far more serviceable than others for
classification ;—why adaptive characters, though of paramount im-
ot 10 the eingy, are of banlly any imporiance in classifi-
aation; why characters derived from rudimentary parts, though of
80 sevice to the beings, are often of high s s
why embryological characters are often the most valuable of all.

e real affnities of all organic beings, in contradistinction to their
Maptive resemblances, are due to inheritance or community of
descent. The Natural System is a genealogical arrangement, with
the acquired grades of difference, marked by the terms, varieties,
Sjecies, genera, familios, &e.; and we have to discover the lines
of descent by the most permanent characters whatever they may
be aud of however slight vital importance.

2x2
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The similar framework of bones in the hand of a man, wing of
2 bat, fin of the porpoise, and leg of the horse,—the same number
of vertebr forming the neck of the giraffe and of the elephant,—
and innumerable other such fets, at onco explain themselves on
the theory of descent with slow and slight successive modifica-
tions. The similarity of pattern in the wing and in the log of
a bat, though used for such different purpose,—in the jaws and
logs of a erab—in the petals, stamens, and pistils of a flower
is likewise, to a large extent, intelligible on the view of the
gradual modification of parts or organs, which were aboriginally
alike in an early progenitor in each of theso classes. On the
principle of successive variations not always supervening at an
carly aze, and being inberited at  corresponding mot early
period of life, we clearly see why the embryos of mammals,
irds, reptiles, and fishes should be so closely similar, and w0
unlike the adult forms. We may cease marvelling at the em-
bryo of an air-breathing mammal or bird baving branchial slits
and arterics running in loops, like those of o fish which has to
breathe the air dissolved in water by the aid of well-developed

Disuse, aided sometimes by natural selection, will often have
d 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 littlo
power on an organ during early life; hence the organ will not be
reduced o rendered rudimentary at this early age. The calf, for
instance, has inherited teeth, which never cut through the gums of
the upper jaw, from an early progenitor having well-developed
teeth; and we may believe, that the tecth in the mature animal
were formerly reduced by disuse, owing o the tongue and palate,
or lips, having become excellently fitted through natural selection.
to browse without their aid; whereas in the calf, the teeth havo
Deen left, unaffected, and on_the principle of inheritance at cor-
responding ages have been inherited from a remote period to
the preseat day. On the view of each organism with all its
rate parts having been specially created, how utterly inexplio-
ablo is it that organs bearing the plain stamp of inutility, such
a5 the teeth in the embryonic calf or the shrivelled wings under
the soldered wing-covers of many bectles, should so frequently
oceur, Nature may be said to have taken pains to reveal her
scheme of modiication, by means of rudimentary organs, of em-
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‘bryological and homologous structures, but we are too blind to
understand her meaning.

T have nor i the facts and. considerati ich have
thoroughly convinced me that species have been modified, during a
long course of descent. This has been effected chiefly through the
natural selection of numerous successive, slight, favourable varia=
tions; aided in an important manner by the inherited effects of the
use and disuse of parts; and in an unimportant manner, that is
in relation to adaptive structures, whether past or present, by the
direct action of external conditions, and by variations which seem
to us in_our ignorance to arise spontaneously. It appears that
1 formerly underrated the frequency and valuo of these latter
forms of variation, as leading to permanent modifications of struc-
ture inde)xundenﬂy o( natural selection. But as my oounmmm
Bave lately been srepresented, and it has been staty
that T atrbote the modifcaton of species excl
selestion, I may be permitted to remark that in the firsv edition of
this work, and subsequently, T placed in a most conspicuous pos
twn—nlmc!y, 001 Sk i Tairodnokomthe olning words
convineed that natural selection has been the main but not
m exclusive means of modification.” This has been of mo avail.
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 & manner as does the theory of natural selection, the
sevenul large classes of facts above specificd. It has recently
objected that this is an unsafe method of arguing; but
it s @ method used in judging of the common events of life, and
has often been used by the greatest natural philosophers. The
undulatory theory of light bas thus been arrived at; and the belief
in the revolution of the earth on its own axis was until lately
supported. by hardly any direot evidence. 1t is o valid objection
that science as yet throws no light on the far higher probles
esence o origin of life. Who can explain what is the essence of
the attraction of gravity? No one now objects to following out the
Tesulis consequent on this uoknown element of attraction 3 ot~
Yithstanding that Leibnitz formerly acoused Newton of introducing
“oceult, qualities and miracles into philosophy.”
ood 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 remember that the
Ereatest discovery over 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 cela-
brated author and divine has written to me that “he has gradually
“learnt to see that it is just as noble a conception of the Deity to
“elieve that He created a fow original forms capable of self-
“development into other and needful forms, as to believe that Ho
“required a fresh act of creation to supply the voids caused by tho
“action of His laws.”

Why, it may be asked, until recontly did nearly all the most
eminent living naturalists and geologists disbelieve in the muta-
bility of species. It cannot be asserted that organic beings in a
state of nature are subject fo no variation ; it cannot be proved
that the amount of variation in the conrse of long ages is & limited
quantity ; no clear distinction has been, or can be, drawn between
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 a
of creation. The belief that species were immutable productions
was almost, unavoidable as long as the history of the world ws
thought to be of short duration; and now that we have acquired
som idea of the lapse of time, we are {00 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 specics has given birth to other and distinct species is that we
are always slow in admitting great changes of which we do not seo
the steps. The difficulty is the same as that felt by so many
logists, when Lyell frst insisted that long lines of inland cliffs had
Teen formed, and great valleys excavated, by the agencies which
we seo 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 effects of many slight variations, accumulated
during an almost infinite number of generations.

Although T am fully convinced of the truth of the views given in
this volume under the form of an abstract, L by no means expect

convince experienced naturalists whose minds are stocked with
& multitude of facts all viewed, during a log course of years, from
point of view directly opposite to mine. 1t is 8o easy to hido our
ignorance under such expressions as the “plan of ereation,” “unity
of design,” &c., and to think that we give an explanation when we
only re-state a fuct. Any one whose disposition leads him to attach
more weight to unexplained dificulties than to the explanation of
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a certain number of facts will certainly reject the theory. A few
naturalists, endowed with much flexibility of mind, and who have
begun to doubt the immutability of species, may be in-
fuenced by this 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 conseientiously ex-
pressing his eonviction for thus only can the load of prejudice by
wlmh this subject is overwhelmed bo removed.
eral eminent naturalists have of late published their belief
um a multitude of reputed species in each genus are not, real
species; but that other species are real, that is, have been inde-
denfly created. This seems to me a strange conclusion to
arive 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 causa
in one case, they arbitrarily reject it in another, without assigning
any distinction in the two cases. The day will come when this
will be given as a curious illustration of the blindness of precon-
ceived opinion. These authors scem no more startled at a mira-
culous act of creation than at an nrdnmry birth, But do they
really believe that at ionumerable n the earth’s history
e e e commesiod suddaaly 1o st
into living tissues? Do they beliove that at each supposed act of
areation one individual or many were produced? Were all the
infintely numerous kinds of animals and plants created as eges or
seed, or as full grown? and in the case of mammals, were they
ereated bearing tho false marks of nourishment from the mother's
womb? Undoubtedly some of these same questions cannot be
answered by those who believe in the appearance or creation of only
a few forms of life, or of some one form alone. It has been main-
tained by several authors that it s 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 Wwe ought not to believe that
innmerablo 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, T have retained in the
foregoing paragraphs, and elsewhere, several sentences which imply
that naturalists believe in the separate ereation of cach species ; and.
1 have been much censured for having thus expressed myself
But undoubtedly this was the general belief when the first
edition of the present work appeared. I formerly spoke to very
‘many naturalists on the subject of evolution, and never once met
with any sympathetio agreement, It is probable that some did
then believe in evolution, but they were cither silent, or expressed
themselves 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. There are, how-
eve, some who il think diak spces I enddeny givc iy
through quite wnexplained means, to new and tol

E by e T e e e s i el ]

a scientific point of view, and as leading to further investigation,
but little advantage is gained by believing that new forms are
suddenly developed in an inexplicable maner from old and
different. forms, over the old belief in. the creation of species from
the dust of the earth.

Tt may be asked how far T extend the doctrine of the modification
of species. The question is difficult to answer, because the more
distinct the forms are which we consider, by so much the i
in favour of community of descent become fewer in number ant
in force. But some arguments of the greatest weizht extend my
far. Al the members of whole classes are connected together by
a chain of affnities, and all can be classed on the same principle,
in groups subordinate to groups. Fossil remains sometimes tend
to fill up very wide intervals between existing orders.

Organs in a rudimentary condition plainly show that an early
progenitor had the organ in a fully developed condition; and
in some cases implies an enormous amount of modification in
the descendants. Throughout whole classes various structures are
formed on the same pattern, and at a very early age the embryos
closely resemble each other. Therefore 1 cannot doubt, that the
theory of descent with modification embraces all the members of
the same great class or kingdom. I believe that animals are
descended from at most m-ly four or five progenitors, and plants
from an equal or lesser num!

‘Analogy would. lead me one step farther, namely, to the belief
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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{hings have much in common, in their chemical composition, their
cellular structure, their laws of growth, and their liability to in-
Jurious influences. We see this even in so trifling a fact as that the
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, excopting
daps some of the very lowest, sexual reproduction seems to bo
essentially similar.  With all, as far as is at present known, the
le is the same; so that all organisms start from a
origin, If we look even to the two main divisions—
amely, 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
ed, “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 existence” 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 bave been de-
veloped; and, if we admit this, we must likewise admit that all
the organic beings which have ever lived on this earth may be
descended from some one peital o But this inference is
chiefly grounded on analogy, and it is immaterial whether or not
it be accepted. No doubt it i e, as Mr. G. H. Lewes has
e\ tiq i ommaiamomnt of Hfo‘many difarent fornd
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, Amcnlm &c., wo have distingt evidence in their
embryological, homologons, and rudimentary stroctures, that
within R
Progenitor.

B b ems:sdvancet Dy me in this vnl\\me, and by Mr.
Wallace, or when analogous views on the origin of species are
generally admitted, we con dimly foresee that g
considerable revolution in natwal history. Systematists will bo
able to pursue their labours as at present; but they will not be
incessantly haunted by the sladowy doubt whether this or that
form be a true specics. This, T feel sureand T speak after experience,
ill 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) whother
any form be sufficiently constant and distinet from other forms,
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t0 be capable of definition ; and if deiable, whothr the diffrences
be sufficiently important to deserve a specific name. This Intter
poi, will becoms e raos avesatia il o .
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 species.

Hereafter we shall be compelled to acknowledge that the only
distinction between species and well-marked varieties i, 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 between any two forms, we shall
bo 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
be thought worthy of specific names ; and in this case seientific and
common language will come into accordance, In short, we al
Tave to treat spocies in the same manner as those naturalists treat
who admit that genera are merely artificial cmnbmn(mnl
made for convenience. This may not be  cheering prospect; but
we shall at least be freed from the vain search for the undiscovered
and undiscoverable essence of the term species.

‘The other and more general departments of natural history will
rise greatly in interest, The terms used by naturalists, of affnity,
relationship, community of type, paternity, morphology, adaptive
characters, rudimentary and aborted organs, &c., will cease to be
‘metaphorical, and will have a plain signification. When we no
longer look at an organic being as a savage looks at a ship, as some-
thing wholly beyond his comprehension; ko o regand every
production of nature as one which has istory ; when we
Sontatapiate evecy complex sicostuss sad aatinck s 116 eunmivg
up of many contrivances, each useful to the possessor, in the same
way as any great mechanical invention s the summing up of the
Iabour, the experience, the reason, and even the blanders of nume-
rous workmen; when wo thus view each organic being, how far
more interesting,—1 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 effcots of use
and disuse, on the direct action of external conditions, and so forth.
he study of domestic productions will rise immensely in value. A
mew variety ried by man will b  more important and ineresting
subject for study than one more species added to the ininitude of
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already recorded species.  Our classifications will come to be, as far
s they can be so made, genealogies; and will then truly give what
‘may be 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 ; and we have to dis-
cover and traco the many diverging lines of descent in our natural
,.,.1,,9... by characters of any kind which have long been in-
Rudimentary organs will speak infallibly with Temect i
m ‘mature of long-lost structures, Species and groups of species
B o et o which vy Sy b milod living
fosils, will aid us in forming a picture of the ancient forms of life.
BRsolory will i seval o us e siucis, s dagres
obscured, of the prototypes of each great
B Tk T sl s i o vl the st
species, and all the closely allied species of most geners, have within
4 Dot very remote period descended from one parent, and have
migrated from some one birth-place ; and when we better know
el migncon, dion, by the ight which guogy
now throws, and will_continue to throw, on former changes of
B el ot the o, e bl sy e enabim
trace in an admirable manner the former migrations of the inhabi-
tants of the whole world. Even at present, by comparing the
difforences between the inhabitants of the sea on the opposite sides
of a mnﬁncn',, 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
B 5e i Geitory owes. iy, from) tho watroms
imperfootion of the record. The crust of the earth with its em-
bedded remains must not be looked at as a well-filled museum, but
48 a poor collection made at hazard and at rare intervals. The accu-
mulation of each great fossiliferous formation will be recognised as
having depended on an unusual concurrence of favourable circum-
stances, and the blank intervals between the successive stages as
having been of vast duration. But we shall be able to gauge with
some security the duration of these intervals by a comparisor
preceding and succeeding organic forms, We must be S
inattempting to correlate as strictly contemporancous two forma-
tions, which do not include many identical species, by the general
succession of the forms of life. As species aro produced and ex-
terminated by slowly acting and still existing causes, and not by
mirnculous acts of creation ; and as the most important of all causes
of organic chango is one which is almost independent of altered
and perhaps suddenly altered physical conditions, namely, the
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mautual relation of organism to organism,—the improvement of
one organism entailing the improvement or the extermination
of others; it follows, that the amount of organic change in the
fossils of consecutive formations probubly serves as a fair measuro
of the relative, though not actual lapse of time. A number of
species, however, keeping in & 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 become modified; so that wo must not
overrate the accuracy of organic change as a measure of time,

In the future 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 seem to be fally 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
‘matter 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
as 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 a far distant futurity ; for the
‘manner in which all organic beings are grouped, shows that the
greater number of species in each genus, and all the species i
‘many genera, have left no descendants, but have become utterly
extinct. W can so far take a prophetio 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 dominant
species. As all the liviug forms of life are the lincal descendants of
those which lived long before the Cambrian cpoch, wo may feel
certain that the ordinary sucoession by generation has never once

en, and that no cataclysm has desolated the whole world.
Henco we may look with some confidence to a secure future of
great length, And as natural selection works solely by and for the
g00d of each being, all corporeal aud mental endowments will tend
10 progress towards perfection.
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Tt is interesting to contemplate o 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 sese, being Growth
with Reproduction ; Inheritance which is almost implied by repro-
duction; Vasiability from the indircot and direct action of the con-
ditions of life, and from use and disuse: a Ratio of Increase so high
a8 to lead to & Struggle for Life, and as & consequence to Natural
Selection, entailing Divergence of Character and the Extinction of
less-improved forms. Thus, from the war of nature, from famine
and death, the most exalted object which we are capable of con-
civing, namely, the production of the higher animals, direotly
follows._There is grandeur in_this view of life, with its several
powers, having been originally breathed by the Creator into a few.
forms or into one; and that, whilst this planet has gone cycling on
according to the fixed law of gravity, from so simplo & beginning
endless forms most beutiful and most wonderful have been, and
aro being evolved.

GrossaRY.
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GLOSSARY

or uE

PRINCIPAT, SCIENTIFIC TERMS USED IN THE
PRESENT VOLUME.*

——ocieto—

x7.—Forms or groups of animals or plants which deviate in im-
portant, character from. Shelr ataret alich 40 as nok o b sty o
cluded in the same group with them, are said to be aberrant.

Avpnan pticsin the refuction of light by  conves Lo the

e through Aifkeent partatl foelan g cus at

bty diffrent distancas;-ths 5 called & ns at the

o0 fimo the coloured Faye are esperated by tho pridmaia oeion of

he lons and likewiso brought to a foous at diferent istamces,—-ths s
clromatic aberration

B G e e

aborted, when its development has been

y s

Auprxisy.—Albinos are animals in which the usual colouring matters
characteristic of the species have not, been produced in the skin and its
appendages.  Albinism i the state of beiug an albino.

Aoz clas of plaats inluding tho oxianry sea-weeds ad. tho f-

Smenaratn or Gt S1hh bt applied to a pecaliar mode
of reproduction which pr mong many of the lower wnimals, in
phih th g produce  livng orm quie diflrent rom b ety bt
wiich e porea-form s oprodaced by o proces of bukin, ce

S i oF i seinianc of G s et o S
Amaosrr—i, grup of fel, eyl chabersd bl .uk: to the

isting sty Nantiluy but i itions ham-
bers waved in complicated patterns ook L
wall of the shll.

Amisoor.—That rwsnblane of sirutere which_depends upon sim
hnlyn“‘uncuan,u in the wings of nsects and birds. Such structures

ilogous and to o analaies of each other.

L am ndbid to e s of B, 5. Dt r i Gy i b
iven because soveral raders bave compiained o me that some of the {ems used were
gt o . Dl b sadentoutd v s xplanation of e
terms in s populr  form a3 possble.
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‘vLE—A minute animal : generally applied to those visible only by
the microscope.

Auaa6—A class of worms in which the surface of the body exhibits a
‘more or less distinct division into rings or segments, generally provided
with appendage o Tocnmotion and wih gill, 1 nchudes he odinary
‘marine worms, the earthworms, and the lecches.

mu_-h.ma organs appended to the head in Tnsects, Crustacea and

ntipet\n, and not belonging to the mouth.

Asm “The summits of the stamens of flowers, in which the pollen or
erfliing dust s produced

APLACENTALIA, APLAGENTATA or Aplacental Mammals. See Mamnali

AncuEEYEAL=O0f or blonging to the Archetype or del primitive fom
B st oo e

Vit ot e Kl Ko Gt gt
ly by ikving surfice of i B aiiisd g A e
nts, 8 greater or less number of which are furnished with jointed legs

i Cetacsns i Contipaiu’
Having the two sides unlike.
Arrested in development at a very early stage.

BuaN—The ganus incluing the common Acorn-hells which live in
abundance on the rocks of the sea-coust.
Barmacaxs—A s o[ snimals alid to the Taptles but undergol
s, in which the young amimal is zumm]ly
e i l:y gills. (Gsamples, Froge, Toads, and Newts.
Bovupms—Large transported blocks of ston generally imbedded in clays
or gravels.
Bracmorons—A class of marine Mollusca, or soft-bodied animals, fur-
sishd with o bivlvo shell attached to submaring bjects by v salk
passes through an apertur in one of the vales, and furnished
vmh !nngud arms, by the action of which food is carried to the
mout

o organs for respiration in water.
BrANCHIAL —Pertainiag to gills or branchie.

Chommrax Svsmear—A Serie of vory ancient Palaosoio ocks botwesn tho
Laurentian and the Silurian. Until recently these were regarded
the oldest fosiliferous rocks.
oo —The Dog family, ncludin the Doy Wolf, For, Ik, .
CaRAPACE.—The shell ey the anterior part bod
e i the hand sagdy pess of hs oo
Thi '.zrm s appie to_the great formation;which
other Tocks, the conl-measures. It belongs to the
el synlem s
CAUDAL —Of or belonging to the
GePuivonone.—Tho hightst clas of the Molluscs, or sof-bodied animals,
characterised by having the mouth surrounded by a greater or less
numbor of leshy arms or tentacles, which, in most living species, are
farnished with sucking-cups. (Ezamples, Cuttle-fish, Nautilus.)
CErackA—An order of Mammalia, including the Whales, Dolphins, &c.,
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having the form of the body fish-like, the skin naked, and only the fore-
limbs developed.

~—An onder of Reptiles including the Turtles, Tortoises, &.
i ook ¥ et Pieg R S S s
“whes medure L7 ke sl Faswt R ORI e sl Vit
diretly or by menss of o stalky and their bodies are aclowed by
calcarcous shell composed of pieces, two of which can open to
give ssu to a bunch of curied, Jfntad tentacles, which represet the
im

CAOCIIQATI» genus of Tnsects including the Cochineal. Tn these the xmh
winged fly, and the female generally a motionless, ber

.—A case nsually of silky material, in which insects are frequently
enveloped during the second or restiug-stage (pupa) of Rl
The term “ cocoon-stage ™ is here used as equivalent to  pupa-stage.”
Caor term_applied to those fruits of the Umbellifer
A e T itlemat o o

- Bestle, un e of Insecs, baring 8 bing month and the

or less aths for the second
pair, and usually meeting in a stroight line e e il of

Cvinenl peslec s bnsianes £
i T and stigma G

or Coxros Rl e

ts of m.mmn.. sl (ﬂureu) brought together intoa

dense head, o of which iy snclsed by o common envalops.

(Bampis e Dt Duniclon )

CosvERy%—The ﬁ.l:.\m:nlnus T

CosoioumrsTa— reck made up of frapments of reck o pibbe
cemented together by somo other mate

onpiz e The acond el o€ Hoves, Y composed of coloured,
TeaFlik arguas petale which may be wited by ther edg aither

or throughout.

CORRELATION.—The normal coincidence of one phenomenon, character, &.,
with another.

Convam—A bunch of flowers in wmh those springing from the lower
part of the flower stalk are supported on long stalks so as to be nearly
on a level with the upper o

nwhich the stamens,

CRUSTACEANS—A class of articulated mm.u., b
generlly mare or s hasdened by the depostion
i o menc o gl CEicempin, Casy Labaess Shronp 863
Oomoutao—The old it e the Resl knovs s Wi s
4 by thelr fourinted ft and by thehend eing produced
e oo oh ek e o are inserted.
CoTaxtous—Of or belonging to the

DroraDATION.—The wearing down of land by the action of the sea or of
‘meteoric agencies.
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DENUDATION.—The wearing away of the surfuce of the land by water.
‘Devostax Svsrex or formation—A series of Palozoio rocks, inclu
the O Red Sanilstone, v

08 DIOTTLADOXOUS PLANTS—A cls of plants charactr-

s by having two seed-leaves, by ok rmation o between

LV vk L0014 wood (sxogeao growth snd by the rtioulation

of the veius of the leaves. ~ The parts of the flowers are generally in
ipl

walt
DieFERENTIATION.—The separation or discrimination of parts or organs

which i simpler R v o s e S e

two distinct f it the condition of
the appearance of the same species undor two dissimilar forms.

| il ey ‘wpon distinet,individuals,
Dionrre—A peculiar form of Greenstone.
Dossar.—Of or belonging to the back.

EpmNmaTA—A peculiar order of Quadrupeds, charaoterised by the absence
B e o o ke G
the Sloths and Arm

BurmeA—The hardened r.m--, s of Beetles, serving as sheaths for the
mbranos Rind-wiage, which et oo e organs of flight.

BABBrO—Tho young animal undergoing development within the ogg or

T study of the development of the embryo.
o
»{ the c\nn Crustacn having al the sog
gills attached to the foot or org

o7 ove goaseely

10
‘ments of tho b hudy usually
ofthe mouth, and the el ingod ith e ha

I size.

Do T sl ofth thise iviosof the Tertiary epoch of geolo-
gots.Recksof thia ago costan a mall roporton of shlls dntical
with species now living.

Brsczsons Tnsscrs—lasecta sl t0 the Moy-fy.

PAUSA—The totality of the animals naturally inh:
country or region, or which have lived during a given epieeet
ol

FELDE—The Cat-family.

Fit.—Having become wild from a state of cultivation or domestication.

Fme.—The totality of the plants growing naturally in a country, or

duting a given geological perio

Fiones—Flowers (mp!n'urlly developod in some respects, and collected
into a dense spike or head, as in the Grasses, the Dandelion, &c.

'«ﬂ'm~oror h-lmgmg to the futus, or embyro in course of develop-

s of of very low organisation, and generally

ol i, v ik oty om 1 urfac of which el
cate filaments en-be given off and retracted for the prehension of
el abjcte “and faving o ‘cleareous or sandy shell, usually
divided fnto chambers, and perforated with small apertures.

ln.mmsm
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Sae SR e A
Fossotar.—Having a faculty of digging. The Fossorial Hymenoptera are
a group o Wasp ke Tnsets, which birrow i saady. o 6 ks aets
for their young.
¥z LR feps e e i
¥oxar (sing, Fuaus). of cellular plunte,of which Mushrooms,
s 20 My, e Sty
FnTLL—The fnkol bots fred by Mgt o i AN Bbtthar
irds, such as the common Fowl.

Gatgaxacrous Biuna—An oxde of Birds of which the common. Fowl,
key, and Pheasant, are well-known example
Nekniin g o ik nciai (kS S
Gaxoutox.—A swelling or knot from which nerves are given off as from a
centre.
Gayom Fis es covered with peculiar enamellod bony scales.
Most o them are extinet,
L Vosious—A minste vescle i the eggs of nimals, from which
S
e e e
Yo upon the Savtios of ths etethe 1t ' llevad thek sl pirods
Have ocoured repatedly durin the gedlogielhistery oA' the earth, but
the term is generally app! poch, when
ncarly the whls of Burops was sukjected 0 4n arote chunate
GLAND.—An organ which secretes or separates some peculiar product from
the blood or sap of animals or pl
o openlng ot amioneni i s gullet.
ock a ing granite in composition, but more or less
P iimvietem iy i by the alteration of a sedimentary
depasit after its consolidation.
—The so-called Wading-birds (Storks, Cranes, Snipes, &c.),
which are generally furnished with long logs, bare of feathers above

AT —A rock conssting essenially of erystals of folapar and mica in
a mass of quartz,

HamTaT.—The locality in which a plant or animal naturally lives.
Burana.—An order o suborder of Insets
son of o Jlnted bk o rostrum, 1nd by Baviog th frs-wiogs hursy
sl portion and membrancas a dhe exremity, where they cros
T e, Tk i Bt G i e
‘HERaapERODITE.—Possessing the organs of both sexes.
uoxomy.qmmm.un etween parts which rents fram ther deve-

win leo case of the arm of man, the ire hg of a quadruped, and the
rdea, Pt oL U4 and

g and the
e he Dot r Wt ntipaie, o g The
T e P . nhhun
4o cach other are said to be Amologous, and one such part or organ is
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ealled the homologue of the nthen In different plants the parts of the

fower are homologous, and in goneral these purts are regarded as
homolo
Howorrsud.—An order or euborir of Tnsects having (ke the Homi-

ylzn)u‘nlnbed ek but in which the fore-wings a1 iher wholy
v wholy loathery.  The " Gioad ¥rog-hoppers, aut
Tphides, are wel-Known example
‘Henuan—Tho ofspring of the union of two distinct speces.
HngexoPtEnA—An ordor of Inssts posesing bitng Juws and, wsually
four. membranous win there are a few veius. Bees and
Wasps are familiar examples Ve
Hypimreopurep.—Escessively developed.

lcuxEONONTD&-—A. faraily of Hymenopterous insects, the members of
‘which lay their eggs in the bodies or eggs of other insects.

IntaGo.—The perfect (generally winged) reproductive state of an insect.

InpioENs —The aboriginal animal or vegetable inhabitants of a country
or region.

InPLomEsOENCE.—The mode of arrangement of the flowers of plants. *

il o e it il S
s of the mouth.,
INSECrIVOROUS —Feeding on Insects.
B i e D nn Asreats—Thoe actnal whish 8ok
a backbone or spinal column.

LAGUN—Spaces left among the tissues in some of the lower aimals,
and serving in placo of vessels for ids of the body.
LaertATED. —Furnished with lamellie or little plates.
2).—The first condition of an insect at its issuing from tho
‘usually in the form of & grub, caterpillar, or maggot.
LARYNX.—The upper part of the Shg the gullet.
Lagmemrugs.4 group of grot aad vry anciet ks, whih
Tevlped slong the course of the St. Laurence, wheic 4
these that tho earliest known traces of organic bodies
have been found.
Leamrsoss—An axder of plants reprosetad by the common Pese and
having an irregular flower in which one petal stauds up like a
wiag, aud s stamens and pistl are eaclosed i o sheath formed by o
other petals. The fruit is a pod (or legume).
Lewumia.—A group of four-handed SR g from the Monkeys
28 sppronchng e asetivorons Quadrapeds s some,of e charac-
Tt members have the nostrls curved or visted, and
e mma of a nail upon the first finger of the hind hands.
o.—An order of Inscets, characterised by tho possession of &
ol probonen an of fout nrge mare o les saly wing I includes
“well-kaows Batterlies and Moths,
272
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Lirrorar.—Inhabiting the seashore,

Lopss.—A marly deposit of recent (Post-Tertiary) date, which occupies &
great part of Lluy:lllny of the Rhi st i

MALACOSTRACA—The higher division of the Crustacea, including the
e &, together with the Woodlice and

Sand-hopy
Mioinecas Tk Wghs i S ety incluing the orinary hairy
quadrupeds, the Whales, and Man, and characterised by the production

of living young which are nourshed afer et by milk fom. the
tests Cammna, Mammary lands) of the mother, 4 sriking difrence
in embryoale developmeat has this class fnto two
great groups ; in one of these, wh!n m embryo has .mma o coriain
stage, & vascular connection, called the placena, is forme n the
pom o s e s e

plete state. The former, including
greater part of the class, are called Placental mammals the latter, or
lude the Marsupials and Monotremes (Orni-

St A e

1 t or uppermost pair of

mmuy mlld hurny, \nllng ergans. T Birds the teimn s np,.m-l T
e horuy corseings. 1n Quadrupads, o mdodible

R

nsPIALS.—An onder of Mammalia in which the young are born in a

S il it of osspmert B K A0 SN

ing, h (marsupium), such as the Kan

e Mmoo

MaXivL, in Tnsects.—The second or lower pair of
posed of sevaal, ol . furiahed i sl e
called palpi, or

Mitumsos T orp om ; an undue development of colouring
‘material in the skin and its n)\pemhgu.

Meraxonrinc Rooks.—Sedimentary rocks which have undergone altera-
tion, generally by the action o Toa, subomsaatly.fo.thee degociton

MoLcsca-—0ne o the geeat ivisions af the Animal Kinglom, nclding
animals ave 3o body, uaaaly faraished with  shely
i i ‘angll, or ceptres, prosent 1o duite general
arrangement, They are_generally known che denomination of
“shellfsh 3 the cuttlo-fish, and the i, whelks, oyster,
AR examples of them.

ke which m
e e upoaly o single esdnf (oF wlyl:dlm),

the ahwencn of somecutivs layers of woad 1n the stem (und

growii), by the vei of the levves bing generalystra .,.m ﬁ; the

il 1;.‘.;:.. generally in multiples of three.

Monars.—The accumulations of fragments of rock brought dowa by

glaciers.
MowruowaY.—The law of form or structure independent of function.
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in the development of certain Crustaceans
B e s Vi they cloely P e i e o)
belongiog to a slightly lower grouj

‘Nasomsr.—Commencing development.

Narronv.—Adapted for the L of swimming.

epely belooging to the lower groupe. In phisstags the amimal s
 shar boly,with, idistict. fodlcations of 3 divison into sgmenty
and three pairs of fringed limbs. This form of the common fresh.
Cheaps wia desribed s . disinct gonca uide the adme of Naupies:

NevmATiON.—The arrangement of the veius or nervures in the wings ot
Tnsects.

el rl'()fﬂy developed females of certain social fnsects (such as

Ants dich perorm all the labours of the commuaity.
e By o el wori

MurTATING MeMILLXE.—A sen-traaparent membruse, which can be
L e e o e s gt moderate the

efects of 8 e 1082 o o o parite o dumt B, s
I face of the ¢

Ockuwr—The simple eyes or stemmata of Tosects, usually situsted on the
crown of the head between the great compound eyes.
@sopmaGs.—The gullet.
Oouimic—A great series of secondary rocks, o called from the texture of
some of its members, which appear to be made up of a mass of small
ke caleareous bodies.

—A calcareous plate employed by many Mollusca to close the
aperture of their shell. The opercular valces of Cirripedes are the
which close the aperture of the shell.

Ornrz—The bany cavity for the reception of the ey
ounu- An nrglnuui being, whether plant or animal.
—A term applied to thoso fruits of the Umbellifers
vh!eh have the seed straight.

~—Forms o groups appareatly intermedinte beeen aad cn-

g e il o e oo
A—Eg;

g

OVARIN or OVARY (in plants).—The lower part of the pistil or female
oganaf the flwer, containng the ovules o ncpent seds, by growih
e the ather orgas of th flower bavo fulln it wnally Vecames
converted iato the fuit

Oviaknovs.—Eg m

OO (fplate)—Th sl i the arlot. condition.

Paow —A group of Mammalia, so called from their thick skins,
i including tho Elghants Rainooee, Hippopitamus

PAL02010.—The oldest system of fossliferous rocks.

Patrt—Jointed appendages to some ar m. organs of the mouth in Insects
aud Crustacea
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Pamronkcsm—An order Gk Plants (teo Luvairsosa)—_Th
these or butterfly-I
fncied et gy superior petals to the wings of a

terily.

pirart i plant living upon or in, and at the expense of,
another organism.

PARTHENOGENESIS—The production of living organisms from unimpreg-
el

LatED—Supported upon a stem or stalk. The pedunculated oak

a1 o boras Gpen & Botstal

Paonid or Prtogas.——Tho sppestncs of roglarity of struture i the
Hlowers of plants which normally bear irregular flo

Petvin—Tho bony v b i the b limbaofvestsate aatmilhsey
e

Pen:

i leaves of the corolla, or second circle of organs

“They are uatally o dalente astace sur Lelghtly bolomei

Purtopssovs—fiaving fattensd, lelike lw;g. or leafstalk:
e leaves.

Pisors) Tha et atetal peocaced femealy o i Srpieb
Jarts of amimals.  The oels secreing i aro il pigment <l
Prxxare—Dearing leaflts on each side of & central stalk,

Pisriis—The female organs of a fower, which occupy a pos
centre of the other floral organs. Tho pistil is generally divisible into
the orary or germen, the siyle and the stigma.

PLACENTALIA, PLACENTATA, o Placontal Mammals,—Seo MAMMALIA.

PugNTIGRADIS—Quadrapeds which walk upon the wholo sl o tho fot,

e the B

Puastic.—Readily capablo of change.

PLEISTOCENE PERion.—The latest portion of the Tertiary epoch.

Puuvi i plnte)—Tho minuts bud betwoen the sed-eaves of nowly-
p e

Putox: to have heen produced by i
o the depths of the earth.

e ST e

du tho anthers, whichy by coniact with the sigma afts the
fecundation of the seeds. mproguatio i brought aluut by means
fn-fubes) which lesue fkom the pollencgrains adhring to

N until they roach the

v ine e Tioyuria i e S
Poure.ors Puets_-Ploats in whih sme lower gre nmissual and
others

e same or on difirent plants
PoLysoRPIIC—Presenting many forms.

Poursoar.—The common structure formed by the cels ofthe Polyos,
Such s the well-known Seacma

Premexsizs.—Capable ofgrlaplng.
PrevoreT.—Having a superiority of power,
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Puncamza—The fathers orming the tp of the wing of & bind, sud i
serted upon um part which represents the hang

‘PRocesses.—Projecting portions of bones, usually R e
sl ligamentiy &

Paoros—A xeinous material collsted by the Hive-Bess fom the

fson of the Avimal Kingdom. These

animalsszo composed of a glatinous materal, aud show serely any
56s o it cegini.  The Infasorie, Forsminitors; mod Spiagey
e e

PurA (pl. PUR).—The second stage in the development of an Tnsect, from
which it emerges in the perfect (winged) reproductive form. Tu most
insects the pupal stage is pussed in perfect repose, The chrysals is the
Pl sate of Batterdi

b

Bl oo i ot the o jaw in. the Ma ois, The  portion which
A e

Rumz.—’l‘he s e i

Range in time expresses the u..mm..... o a species or group

hrngh ihe Sl e o e o' v

R L T Sl nin e oo of Lhe ey, oraad by marvons s
spreuting from tho optc nere, and. serving for th perception of the
o predned by gt

Ess10%.—Back

lopment, When an._animal, s it ap-
e 3 perfectly organised m... might be
ed from its early stages and known relationships, i
undergo a retrograde development of matamorplois.
Buzzorons,—A clas oflovly orgunsed animals (Protozon) havng o gola-
s bod, the srfuc of which can bo prtruded n the form ofsot-
Tike process or Alaments, which servo fo locomotion and the prohen-
= A mioriant order s thal f the Focsmuitors
B The guuwing Mammalia, such as the Lats, Tabity and
Squireels, They are especially characterised by the possession of
ingle uir of liselliko cuttng teeth in each jaw, beween which i
the grinding teeth there is a great gap.
Runos—The Bramble Genus.
RUDMENTARY.—V . imperfoctly developed.
Ruurxa p of Quadrupeds which the
esen shocp, and der. They e
e o e

SacRAT.—Belonging to the sacrum, or the bone composed usually of two
o more united vertebra to which the sides of the pelvis in vertebrate

animals are attached.
Stagons._~The gelatinons materisl of which the bolis of the lowest
‘animals (Protozon) are composed.

SCUTE L The horay.plates with which the feet of birds are genorally
more or less covered, especially i front.
SEDIMENTARY FORMATIONS.—Rocks deposited as sediments from water.
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SroNENTS.—~The tranevene rings of which the bady of an artculte
prosi g ol
Seraia—The lesver o an ents of the eslys, ar outermost ennlupu of
rinary fiower. They are ueually ross, but sometimos brg

Sn\u‘nuu»n—Teeth ke those of  saw,
s ol suppurad o stem oe o

el i ancent sstemn o uiton s belonging
to the earlier part of the Palax

SPECTALISATION. —The setting apar ot b gl egan e i peskaes
ance of & particalar function.

Seckit Groan, heThe sentral porton of the nervoussystem in the Verter
Lo, e s B s b througa e e AR e
{ehre, aad gires offnearly sl 1he nerves 40 the vasions orgase of tha

y.

T mal organs o fiwering lant standing n a circle within
“ibe, paals, They. moually ot of . Blamant 45w wathes the
ARt R | seni pas ki A yollin b Mrsusbula

dust, is formed.

SrenxUM—The breast-bone.

“The apieal portion o the pistil in flowering plan

Small Ity organs placed ot the base of e fottalkaof the

leaves iu many plan

SrvLE.—The middle pmm of the perfict pistil, which rises like a columa
from the oray ead exppurty the i s o

UBCUTANEOUS.—Situated beneath the skia.
Adupted for sucking.
Soru Gn the skul)—The lines of unction of the bonesof which the
ull

{Taseue (oL Tana,—Theflued ot of sl il soch s o
LEOSTEAX Fisiiks.—Fishes of the kind fumiliar o us in the present day

ing the skeleton usually completely ossified and the scales horny.

‘TeTacuLa or TeNTAGLES—Delicte flshy arguns of prehension o touch
Yomed by isany o e lower i

Tamtianr.—The ltest guological ?mh immediatoly preceding the esta-
Blhenect o the prescat and

ThacHBL~The winiipipe of pesenge for th adimbmion of s o th Iongh.

TRaDACTYL:— Three-fingered, r cornpased of three movable parts atached

o a common base.

resembling
the Woodlice in externsl ﬁmn,.nd like some of them, mplhle of m“ll‘
are found oul

ReiIC.—Presenting three distinct forms,

Uunitssrn—An ordr of plats in which the fiowers, wiich cotaln
five stamens il a piil with o syle, e uppo

S e  topof th flower st .,mﬁ..z i e
e of bt G TR bt il
Cembely nearly to the suime level. (Esampies, Paraloy and
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UsauzaTA—Hoofed quadrupeds.
UsoBLLULAR —Consisting of a single coll.

v‘mu-.—cune.inan, ‘blood-vessels.

L 5 Avnuata—Tho Highest diviin of the
il | kmp!nm, o alld fiom the prosmce ofa
‘bone ‘mumerous joints or mauw, whidh sosettutes the
cent of the skeleton and i1 the s and protects
e cantrl Jarts o the nervous system.

WiioRts—The clru:'u or q}lnl Jine in which the parts of plants are
the axis
Wonkaaa—Ses Neaters.

Tokaeruan—The llesstagein tho devlopment of manyof the bigher

50 callodfrom o 2ot applid. o these young
i s Vopo i cniliies pecaliar genus.

a0l many o tho lowa asimls (suh as the Coaly Modus, ke

Toproducton takee two ways, namaly, by means of eggs and

i roces of budding with o without separsion from tho parent of

ik of the latior, which I oftom very diffreat from thet of th

a5 Tho individuity o tho speces s o the whole of

B e i (o ] v amaoonss ao sy s,
which are apparently individual animals, s e et i

Ispex.
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INDEX.

ABERRANT.

PAER.

A

ApERBaxT groups, 979.
Abyssinia, plants of, 340,
Actimatisation, 113

, 8
—— of organic bei g.,s.s.
Agestz, on Amblyopsis,

—, on_groups of speclu suddenly

rophetic forms, 301,
o’ elbryologiaal” suceesios,
B

—, on the Glacial period, 330.
—. on embryological characters,

368.
— on the latest tertiary forms, 278.

= of embryological
dovlopment and_gological suc-
B G e, 10
ige Zealand, 338,
‘Alligators, males, ﬁghtmg 69.
enerations,
Ambiops bind i, 115,
America, North, pmnm.m allied to
those of Europe,
e el
835.
— Sonth, o modern formations
onwest cous
rmeie nlon sxtinction o, 267,
Amngals sterility of, 235.
Amlogy
Ancylus, 34;
Antoman inds {ahabted by tod,

Amm\., not domesticated from being
variable,

—, domestic, descended from seve-
mal stocks, 14.

o

50 telimatiation o 112,
— of Australi
i ket Lclimates,

als, blind, in caves, 110,
o Sl AnatliB10

Anom
Am.mm ilhaae aniens Bara 1o

Antechnus, 573,
Ants attending .,.»..An, 201,
— sl 217,
e trashues oF 300,
% ol hlvmg acquired intelleotual

Ahilon, itonied by aats, 07,
A developmeat o, 330.

FonyeE

Aralo-Caspian S 11
Archeopteryx, 28;

Arehiae, 3 b s e
speci

Anuhake, !enanlem 114,

, plants of, 847,
Aicepian po“en of, 151,

g 8

ey .u.wl 127,
improved by selection, 30
Nteushas, 105.

Aucapitaine, on land-shells, 353.
Aulubon, on babie of frigato-bid,
e L vcikica . i il

208,

——, on heron eating seds, 546
Awstralia, nimaly o, 9
—, dogs of
— gxtinet mm\ulx of, 8
— Burupean plants i, 0.
——, gactem of 5
(B o i datiorag it 90
Asores, flora of 328,

Tibingte Mo Bk e 8
Beer, Van, st Jiard of Highne
o b e

308
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Baer, Yon, embryonic similarity of
th vmnbm-.a
the giraffe, 178,
Balawcement "oF grow, 117,
Baleen, 182.
Basberry, flowers o,
Barrande, M., on iy

—,‘on the succession of species,
2

— o pursllelsn of palsosole
Fmat

ies of ancient species,

B"ner-, importance of, 31

Tt
B, 76,

Batrachians on islands, 350.

Bate, how stracture scquired, 140.

—, distribution of, 551.

Bear, catching water-insects, 141,

Beaaty, bow aoquired, 133, 414.

Bee, sting of, 16

e by mnltee

— “Austialian, extermination of,

Bees fertilising fowers, 5
i o kg 4 e et

5.

—, Ligurian, 75.

— hive, cell-making instinet, 220,
i

== humlﬂ&, celln of, 220
Beetles,

9.

in Madeira, 1
o asieok are 10
Bentham, Mr., on British plants, 87,
—, on classification, 369.
Berkeley, . on seds n st water,
uda, birds of, 3
B Aeglring s 208,
o sty ot 161,
nnually cros the Atantic 920,
et LR
— footstey
umndlr{ Torks, 284,
Tossl in ae ol‘Bn.d.L 310,
and Ga-

o

— tranporting eeds, 828,
rs, 545,
.wm,lm, 108, 140.

Bizeacha, 3

it of, S

Bladder for s n fish, 147,

ey A

Blyth, Mr., on distinctness of Indian
cattle, 14,

— o stiped nzmxom,m.

Boreow Moo on fe Spvaiah petathr

2.
Bory St.Vincent, on Batrachians, 850,
Bosue, M. o8 foil Chthamalus,

erratic, on the Azores, 526,
l‘mnnhlm 148, 145.

rustaceans, 152,

Braus, Prof, on the seeds of Fama-

174
, o8 house- tamblers, 210,
Brital, ‘mammals of 5

. "en. Navuml Selcton,

B, Profy on duraton of speifi
forms, 275,
—, various abjections by, 170,
Brown, Rabrt,on clasifaton, 800
m; on inherited mutila-

Bunmm‘nu, ey of viotio

o
Cabbage, varieties of, crossed, 78.
Caleeolaris, 259.

Canary-birds, sterility of hybrids,

Caped de Verde islands, productions of,
— punu of, on mountains, 837.
Copeof Gond e, plans o1, 101,
Carpester, Dr, on oramlafer, 308,
Carthamus, 17
Catasetum, 155, 372.
oo i bl o dn 9,

Variati

Wy 200,
— clulmg tail when going to

cattle du'.myl

fir-trees, 56.
5 dtroyed

y fles in. Paraguny,
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Gl b of Joaly xtiont 88, | Conkroach, 0.
—— furility of Indian and European | Collections, palontological, ~poor,

w

—, Indian

Cave, ...n.m.ne. oL blind, 110.

Cecidom;

Celts, pmvmg antiauityof man, 13,

Genres o cration, 520, "

Genta it uchure o sy 151,

e loment of 500,
reopithecus, ml op 159

Ceroxylus lacerat

Gervalus

Getacan Joth and har, 115,

S relopmaent of tho whalabons,

182,

Cotaoens, 185

Ceylon, plants of, 338.

Chalk formation, 297.

Charucters, divergence of, 8

ol verkble 11, 128,
or analogical, 373.

Checks to ...mm,

— — mutua, 55,
Gt of Crastacme 195,
Chickens, instinetive famenoss of, 211.
Chizonoma, s ssoxul roproducton,

Cllhwinaline, 271,
Chthamalu reaconn spoces of, 284,
nces favourable to seléotion

et el

na, 148,

‘nn m, "o the succession of t7pes,

Climae, e o, in checking -

7
opnmn o, 6
it by bee, 75,
Cnbkm, Tnieton o 147

270.

Dotoseth ety Shnats, Tor

—, In relation to attacks by fi
150.

, parent of domestic

Colyn

i of i,

Composita, fiowers and St of, 115,
outer and inner florets of, 173,

ol lowers o, 898,

Conclusion, general, 4

Conition, St an s, vt

y, 25

Gonvetgense o gabere, 100

Coot, 142.

Gope, Prof, on_the acceleration or
xetanlation of the period of ropr-
duction, 149,

alislnads sods drifted to 326,

— reefs, indicating movements of
arth 335

Corn-crike, 143.

ol yeciubion S demoesin g
d 0.

Coryanthes, 154,
Creation, single centres of, 820,
Crinum, 238,

Croll, Mr., on subaerial denudation,

267, 269.
—; on the ag of our oldst orm-
ations,
S Gl puriods in
the Noth and Southy 3
Crosses, reciprocs
Crosingofdomes als, import-
o ]h'm\u hxmb« 15.
, advantages of, 76,

ction, 80.

cmm-m blind, 110.
nstinet of, 205, 21:
o Wi, g e mgm of
ded d

et w.
Currents of sea,
Gavier,on condtionsofesatence, 205,
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INDEX.

‘ExTINCTION,

Cavier o fosil monkeys, 288, 284,
—, Fred., on instinct, 205,
Gretostom, rusisting salt

Dogs, inherited civilisation of, 21
— fetlty of beeds ogethr, Yo,

e body in diferent
g, 592

eriatin valeny By

g, Mr, 'on fruit-trees in Ame-
.

868, | —) — o
g breeds, when
Dana, Prof. 1o 111,
- on eltion of crusaceas of | Double lowers, 230
Japan, 334.
——, on_crustaceans of New Zea-
land, 33

o, D on anson
De Candalle, Aug. 1»,.., A

m Gundole, Aiph, on the
s, 40.
" S Towiant, wikaly gl

. - widly.unging plants being

vaviable, 4
— o nlt\lnl!utlﬂlﬂ. 80.
"~ on winged seeds, 117,
— o dipie Specis muidenly be-
coming rare
e on disteibation of plants with
large seeds,
Jon nof Autralle 340.

Degraiation
Demudation, ‘mm o of, 264
+ ok, 387,
el
Development of ancient. forms, 807.
Devonian system, 305.
Diasthus lxerhhlv of crosses, 243
imorphism in plants, 35, 252,
Dirt on foet of Jirds, 38

aring Ghacl ytiod, 390,
Ditribution, geogmhicl, 31.
Dirase effcts n! i nature, 108,
Divergence of character, 86.
s ol means for same

3.
Diviion Phyno]ogluL o labour, 8,
of

nen o w40 thet
the Thylacinus,

Do bairlss,wich mportut teth, 8.

—descended from several wild
.mh, s,

lomestic instincts of, 210,

Drnxnn i ekt Wt
timber, 526,

Drones e by other m., 104,
Duck, domestc wn luced, 8,
i |oggnr endet, 140,

Duckweed,

Dagong,aftdten of,

Dusgbatis wih decint ar, 108,
Dytiscus,

E

Bar, M. V) on tho My Archipe-

Tat oo declo et

—, rudimentary, 400.

Fart, seeds I rois of tres, 928
charged with secds, 32

oLl

100,
Bon, 20,

onomy of organiation, 117.
Ednnlu'z. tte:}?‘nu{l hl(r l\S

il species of, 4
ey - Siyscloget

Bdwards,
division of labour,
ks k1o
—, on embryolog ters,
563,
Eggs, young birds escaping from, 68,

Egph rofuctions of, nok modiied,

Elorio ergans, 150
Elephant, rate of incs

—, of Glacial
Lmbrynlngy, a5
wadense,

Bty mhnnhd,
Existence, struggle fras,
conditions of, 167.
Ectidotion, 15 boarag. on natansl
selection, 96.
— of domestie varieties, 9.
p— Ty

rease, 51,
‘period, 113,

257,

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



—_—

wve. INDEX.  caveopmmects 447
Lighershe of, 144 composita and umbelli-
on for aberration, 163. r.-. m 175,
By eodoned i sl 110 T o1,
F. Flysch f.,mm...., dottute of ore
Fabre, M., on hymenoptera fighting, | _ ganic remains,
69, Forbes,

ic sphes, 216
394,

—— and Cautley, on mammals of
et imainyad b 311
Falkland lslands; wolf of, 351,
Faalt, 268
Faunas,

Four, i Ilukllu(we, in binds, 911,
Bt of biris, young. mallusce ad-

hering

Forilision vsiouly efcted, 154,

Fertilit of bybids, 238
= o light” changes in con-

o 355,

Fertility of crossed varieties, 235.

Fir-trees destroed by cattle, 56.

Fish, lying, 14
o ltler-mn, sudien appearance
of, 2

ﬁ..zx..,;.ead.,w 346,
-water, distribution of,

Fihen, uncid, now confned 10 fredh
83,

T Gassio ongan of, 150.
—, gamoid, living in fresh water,

.
thern hemisphere, 538.
Flnuhh, their structure, 186,
Hight, powers of £, how acquired, 140,
proving antiquity of mag,

Flower, Prof, on the Lagyus, 190

—, o Halitherium,

S N s b
R st g ot iy

Bt hamelogy o the kot
certain marsupials, 382,
Flovary iructare of, in relation to

r. n,, o gl soiin 12
335,

E.:

> on colours of hell, 107.
on_abrupt range of shells in

_dopthy 15,
n poorness of paleontological
ealectibay, 370,
—, on continuous sucoession ot
genern,

— :mhnenhl exnsion, 525,
poviod, 35

- ylnlltlum in time and

space, 3¢
Vo e dacis Americs, 5.
Fomation, Devonian, 30

jan, 287.
Formn'.wnu. thickaes of, n Britaln,

—, ml:rmmnnt, .
Tormio rolcney 21
—, sangui
s e oL 231,
Towly o , long. en-

Forms
duri

ng, 00,
ovigerous, o cirripedes, 148.
Frediwier producion, dpperal
' Y large geners
i sy s s

Frigate-bird, 142,
Frogs on islands, 35
Fruit-trees, gradual improvement of,

27,
— n United Stato 65,
of, dcclimatised in
“United mm it
Fuc, crossed, 2
Fur, thicker i cold simate, 107,
Furze,

[
Galapagos Archipelgo,bils of, 345,
oductions of, 355, 3
Gelavis its wide reoge, 343.

Galeopithecus, 139,
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Game, increase of, checked by ver-

Girtuer, ou sterility of hybrids, 237,
24

—, b reciprocal crosses, 243,
maize and verbas-

cun,
,un rnn\\'llrlm of hybrids and
ongrels,

Prot. on xnum@:.m gomern
fosil mammals in A
Gy B when evoy BT,

Isido
" peited parts, 11
—, on correlation, in monstrosi-
ties, 9.
— o conlation, 115,
riable parts being often
astrous, 122
Geographical dribution, 816.
Gengraphy, ancient, 427,
Geology, future progres of, 427,
imperfection of the  record,
a2,

ot an Typotherium, 302.
of, 157.

Glachl poro
. nl[c:lmg i North aud South,

o5
Umehu. on dumnuuu.., 590,

Godwiu-Austen, Mr, e Malay
Archipelago, 280,
Goothe, on compensation of growth,

117,
Gomplia, 174,

Gouseberty, grafts o, 348,

Gou r! Aug. Ao on extbete,

e n ooty srAgm o

., on instincts of cucko, 214
listribution of genera.

s, 558,

Gousds, crossed, 258.

of

INDEX.

WELIANTHEMUM.

Grab, on the Uria Incrymaus, 72,

Grattng, capacity of, 245, 24

Granit, aroe of denided, 274

G s, 8

Gray, Dr. Asa, on the variability of
ks, 40.

— o

man mot causing vria-

bility,
——, on sexes of the holly, 74.
—, on trees of the United States,

s Isturlied plants o the

— on Alpine p
o ity of bermethidiin:
ricties,
B, 1, o sripad mal, 198,
Grobe, 14
Grimm, on asexual reproduction, 387.
Groups,abarrant, 975,
Grouse, colours of,
red, a dm\hu'ul qmm, 38,

Growth, compe
Gither, Dr., on o ity 107,

o probensil il 189.
— on the

a1z,

ou4be mangeat it

" hahes, 343,

—, on the limbs of Lepidosiren,
309,

-4
ast, D on glaciors of New Zoa-
land, 33
n.m, arrm of, under domestica-

of, under nature,
) A 03
fickel, Prof, du lasitation” and
the lines of descent, 981.
Hain 10 ooty coraatody 15,
Halitherium,
Harcourt, M, E. V., on the birds of
Madeirs, 348
Hartung, m on boulders in the
Azores,
Haseoel, 355
Hearne, on habits of bears, L
Heath, changes in vegetation,
r, Onvald, on auciet el
ts,

lants o Mdeie, 83,
H.mm&m, frce
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Helxpomatis, 350, Dr., on plants of mountains
tn My on the imperfction e A
of the human ’{-. Hooks on paly 135,
Helosciadiam, el on slands, 349,
Headonns, s5ipd, 134 o denudation, 274,
T e Hma.u, e i of,

lopods, 132

Herbert, W., on struggle for exist-

ence, 9.
—, on sterility of hybrids, 238,
Hectar, Dr., on glaciers of New Zea-
335,
Hermaphrodites crossing,
T ting sty e, 355,
Heron eating seed, 346.

i &, on peacocks, 70.
, oa. white animala pol

certain plants, 9.

Howith, My on. sterility of fist
crosses, 245,

vt

ility of Corydalis, 238,
Higeador, ou i s

Hippocampus,
Hofmeister, w on the movements

, 7
e e
selimatistion of Hims-
Slijaa by 1
S eiti] Ziclihes, 410,

— B8 s ot
- ants o Teera del Fuego,

== un Australian plants, 337, 35.,.
relations of flora of Ame
——on flora of the Antarctic lands.
341, 354,
~——, on_the plants of the Gala-
Jaciers of the Leba
—. o glaciers of the Lebanon,
Ty O lciers n

~— on man ot causing v
oL not causing variability,
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204,
—, proportions of, when young,
392,
Horses destroyed by flies in Para-
56.

—, striped, 128,

Hortioulturists, selection applied by,
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