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ADDITIONS AWD CORRIXTIONS 

TO TIIE SIXTH EDXTIOIY. 

- 

N JJAIEROUS small corrections have been made in the last 
RII~ present editions on various subjects, according as 
t,he evidence has become somewhat stronger or weaker. 
The more important corrections and some additions in 
the present volume are tabulated on the following page, 
for the convenience of those interested in the subject, 
and who possess the fift,h edition. The second edition 
was little more than a reprint of the first. The third 
edition was largely corrected and added to, and the 
fourth and fifth still more largely. As copies of the 
present work will be sent abroad, it may be of use, if I 
specify the state of the foreign editions. The third 
French and second German editions Tqere from the third 
English, with some few of the additions given in the 
fourth edition, A new fourth French edition has been 
trandat~d hy Colonel MmliniB ; nf which the. first half 

is from the fifth English, and the latter half f&m the 
present edition. A third German edition, 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 



X ADDITIOSS AND CORRECTIONS. 

fe\v of the additions given in the third; and a third 
American edition has been printed from the fifth Eng- 
li& edition. The Italian is from the third, t,he IMtll 
nud three Russian editions from the second Eirglielh 
ndition, and the Swedish from tha fifth English edition, 

CMef Additions and Correctiona 
__ 

“20 221 

O‘)? L-3 227 
25) 233 

231 234 
23.3 237 , 

influence of fortuitous destruction on natural selection. 
On the convergence of specific forms. 
Account of the Ground-Woodwckcr of La Plata 

modified. 
On the modification of the dye. 
Transitions thruu$l the accrlerstion or retardation 

of the period of rel~rotluction. 
‘l’hc accouct of the electric organ of fishes added to. 
Analogical resembiancc between the eyes of Ccpha- 

lopods and Certebrates. 
234 230 Claparde cm the xnnl~~gical resemblance of the hair- 

claspers of the Acnnde. 
248 264 ‘I‘he probable use of the rattIe to the Rattle-snake. 
248 2i4 IIelmboltz on the imperfection of the human eye. 
255 262 ‘The first part of this new chapter consists of lxjrtions, 

in a much modificti xttltn, t,nlcpTl fram chap. iv. of 
the former editions. ‘i‘he latter and larger part is 
new, and relates chiefly to the supposed incom- 
petency of mtural selection to account for the 
incipient stages of useful structures. There is 
nlso a discussion on the causes which prevent in 
many cases the acquisition through natural selec- 
tion of useful structures. Lastly, reasons arc 
given for disbelieving in great and sudden modifi- 
cations. Gradations of character, ofteu nccom- 
pmiell hy changcn of functiun, 81-e likewiaa here 
inci<cntnIly conR&red. 

268 , 333 The sta.tement with respect to young cuckoos ejecting 
their foster-bathers wnfirmed. 

270 334 On the cuckoo-like habits of the Molothrus. 
vol. ii. 

307 9 On fcrtiIe hvbrid moths. 
319 22 The discussion on the fertility of hybrids not having 

been acquired through natural selection condensed 
an4 modified. 
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326 
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521 240 
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552 275 
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Chief Additions and Ca~r~cti ,ns. 
-- 

On the causes of sterility of hybrids, added to aud 
corroctod. 

I’yrpls hound in the chalk. 
Extinct forms serving to connect existing groups. 
()n earth adhering to the feet of migratory birds. 
On the wide geogra$~icnl raqe of a species of 

Calaxias, a fresh-water fish. 
l&csczfiyd on analogical resemblances, enlarged and 

, . 
Homological structure of the feet of certain mar- 

supial animals. 
On serial homologies, corrected. 
Mr. IC. Ray Lankcstcr on morphology. 
On the asexual reproduction of Clrironomus. 
On the origin of rudimentary parts, corrected. 
Recapitulation on the sterility of hybrids, corrected. 
Recapitulation on the absence of fossils beneath the 

Cambrian system, corrected. 
Natural selection not the exclusive agency in the 

modification of species, as always maintained in 
this work. 

The belief in the separate creation of species generally 
held by naturalists, until a recent! period. 



l’ Rut with regard to the material world, we cmn at least go so far 
LR this-we can perceive that events are hroqht about not ty 
insulated interpositions of Divine power, exerted in each particular 
case, but by the e&abliuhment of general laws.” 

WIIEWELL : Bridgewater Treatise. 

‘*The only distinct meaning of the word ‘natural’ is @ted, 
fixed, or settled; since what is natural as much requires and 
presupposes an intelligent agent to render it so, i.e., to effect it 
continually or at stated Cmes, as what is supernatural or miraculous 
doee to effect it for once.” 

BUTLER : Analogy ff Revealed .ReFligion. 

“To conclude, therefore, let no man out of a weak conceit nf 
sobriety, or an ill-applied moderation, think or maintain, that a 
man can search too far or be too well studied in iho book of God’s 
wonI, or in the hook of GFod’s works; dlvimty or philosophy; but 
rather let men endeavour an endless progress or praftcence in both.” 

Down, Beckertfiam, Knit, 
First Ldrtiort, November Z&h, 1869. 
Sixth Edition, Jau. 1872. 



AN IUSTORICAL SKETCH 
OF THE PROGRESS OF OPINOX ON THE OBIGIX OF SPECIES, 

PREVIOVSLY TO TUE PUBLICATIOB UF THUS IlKTT EDIIIOS 

OF TlUS WORK. 

I WILT, here give a brief sketch of the progress of 
opininn ou the Origin of Species. Until recent,ly the 
great majority of naturalists believed that species were 
immutable productions, and had been separately created. 
This view has been ablg 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 
preexisting forms. Passing over tillusions to the sub- 
ject in the classical writers,* the first author who in 

* Aristotly, in his ‘Physicsz Auscultattioncs’ (lib. 2, cap. 8, s. 2), 
after remarkmg that rain dots not fel in order to make the corn 
grow, any more than it Llls to spoil the farlller’s corn whrn 
threshed out of doors, applies the same argument to organisatiou ; 
and adds (as translated by Mr. Clair Grace, who first pointed out 
tb.e passage to me), “So what hinders the dilTercnt parts [of I~IE 
bdy] from havng this merely accidental relation in nature 1 as the 
teeth, ior example, grow hy nccessit,)r, the front ones sharp, adailttd 
Ibr divitiinz, and the grdcrs flat, ,rn<i acrviocablo for mosticatin~ 
t,hc foul1 ; rince they were nut nude fur t!re *ake of this, but it WH 
the result c’f accideut. And in like manner as to the other parts in 
which there np]~ara to exist an adapratlun to HII end. Whereso- 
evw, therebn!, all thing together (that is all the parts of one 
whole) hnl~pcncd like as if they were made for the sake of some- 
Lhing, these were preserved, havm :: been q’pruyt iately cunstitutcd 
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modern times has treated it in a scientific spirit was 
Buffon. Cut as his opinions fluctuated greatly at 
different periods, and as he does not enter on the cause3 
or means of tlze transformation of species, I need 110% 
hero cntcr on dctailu, 

Lamar& was the first man whose conclusions on the 
subject escbit.d wn1r.h a.thnt,inn. Tllie justly-celebrated 
lAuralist first published his views in 1801; he much 
enlarged them in 1809 in his ‘ Philosophie Zoologiclue,’ 
and subsequently, in 1815, in the Introduction to his 

‘ Hist. Nat. dcs Animaux sans VertE!rres.’ In these 
works he upholds the doctrine that all species, in&din: 
man, APB descended from other species. He first did 
the eminent service of arousing attention to the pro- 
l)ability of all change in t,lle organic, as well as in the 
inorganic world, king the result of law, and not of 
miraculous interposition. Lamarck seems to have been 
cl&fly led to his conclusion 6n the gradual change of 
species, by the difficulty of distinguishing species and 
varieties, by the almost perfect gradation of forms in 
certain groups, and by t.he analogy of domestic produc- 
tions. With respect to the means of modification, he 
attributed something to the direct action of the physical 
conditions of life, something to the crossing of already 
eaiuking forms, and much to use and disuse, that is, to 
the effeck of habit. To t,his latter agency he seems to 
attribute all the beautil’ul adq&tions in nature ; SlICll 

11s ;hc long neck of the giraffe for browsing on the 

by nn internal spontaneity ; and whatsoever things were not tllua 
cullstituted, lAsheri, and still rwish.” WC here set the t,rirlcitmle 
of naturAl ‘&lection -shadowed &nth, but huw litt.le Brist&lc f’uily 
comIwehended the priuciple, is shown by his reumka on thtl 
form&n of the teeth. 
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branches of trees. But he likewise believed in a law of 
progressive devcloprncnt ; and as all the forms of life 
thus tend to progress, in order to account for the 
existence at the present day of simple productions, he 
m&ains that such forms are nnw spnntnneonsly 
generated.’ 

GeofEoy Saint-Hilaire, as is stated iu his ‘ Life,’ 
written by his son, suspected, as early as 1795, that 
what we call species are various tlegenerntions of the 
same type. It was not until 1828 that 1~2 publisl~ed 
his conviction that the same forms have not been 
yeq~~lualcd since the 0ri;rin of all tltings. Geofli-oy 
seems to have relied chiefly on the conditions of life, or 
the L( 7nonAe ambinnt ” as the cause of change. He was 
cautious in drawing conclusions, and did not believe 
that existing species are. now undergoing modification ; 
and, aa his son adds, “ C’cst done un probkme B r&ervcr 
cntibrement B l’arenir, suppo& mirilic que l’avenir doive 
avoir prisc sur lui.” 

In 1813, Dr. W. C. Wells read before the ILoyal 

* I have talren the date of the first publication of Lamarclr from 
Lid. Genffrov Saint-Uilaire’s C Hist. Xat. G6n6ralc.’ turn. ii. 1). 
103, 18hO) &oLllont hi&,ry 02 opinion on this hubjkt. In this 
wurk a full account is given of HU~CO?J co~~iusiuns on the same 
subiect. It is curious huw iarnrlv mv crandfbther. Dr. Erasmus 

.  .  .c 

Ihkin. nnti,i (ated the views nn~l ermneour grounds of opinion of 
I,amarck in his ‘ Zoonomia (vol. i. IJP. 600~610), published in 
1794. According to Isid. Geoffroy them is no doubt that Goethe 
was an extreme partisan of similar views, as shown in the lnt,rrr 
d.Jction to a work written in 1794 and 1795, but not nublished till 
k;ng afterwards : he h:\x I\ointedlg remarked (‘ Goethe ala Natur- 
furscher,’ von Dr. Karl Meding, s. 34) tllat the future qnesriqltl for 
naturalisrs will be how, for Instance, cattIe gut their h~ros, and not 
fur what they arc used. It, is rather a singular instance of the 
mmcer in which similar views arise at about the same time. that 
Goethe in Germmy, DC. I)zrmin in I’:n,:irtud, and Geuflroy Saint- 
lIil.lire (as wc sbnll itltmcdi;ltely see) .n Vlnnre, came to the same 
couclusion on the &in of spcias, in the yeurs 1 iM-5. 
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Society ( An Account of a White female, part of whose 
skin resembles that of n Negro ’ ; but his paper was net 
published until his famous ‘ Two Essays upon Dew a1111 
Single Vision ’ appeared in 1815. In this paper ho 
tlisfinctly recognises the priuciple of natural selwt.im, 

and this is the first recognition which has been intli- 
cated ; but he applies it only to the races of man, and 
t.0 certni II characters alone. After .remnrking that 
negroes and mulattoes enjoy an immunity from certain 
tropical diseases, he observes, firet.ly, that all animals 
tend to vary in some degree, nud, secondly, that agri- 
cultul-isla irnpn~ve Iheir dumesLiouLed unimals by selec- 
tioii n , ;~nd then, he adds, lxlt, what is done in this latter 
cast “ by art,, seems to be done with equal efficacy, 
though more slowly, by nature, in the formation of 
vnrictics of manl~ind, fitted for the country which they 
inhnlit. Of the accidental varieties of man, which, 
would occur among the first few and scattered inhabi- 
t,ants of the middle regions of Africa, some one would 
be better fitted than the others to 1~1r the disenscs of 
the country. This race would consequently multiply, 
while t,he others would decrease ; not only from their 
inability to sustain the attaclis of disease, but from their 
incapacity of contending with their more vigorous 
ncighbourc. The oohr of this vigorous rncc 1 tnkc for 

granted, from what has been tilrca.dy said, wnuld be 
dark. But the same disposition to form varieties still 
existing, a darker and a darker race would in the course 
of time occur : and as the darkest would be the best. 
iitted 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 

those snine views to the white inhabital& of colder 
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cl imates. I am indebted to Mr. Rowley, of the United 
States, for having called my attention, through Mr. 
Brace, to the above passage in Dr. Wells’ work. 

The Hon. and Rev. W. Herbert, afterwards Dean’ of 
Manchester, in the fourth volume of the I Horticultural 
Transactions,’ 1822, and in his work on the ‘Amaryl- 
lidaceac ’ (1837, pp. 19,339), cleolares that “horticultural 
experiments have established, beyond the possibility of 
refutation, that botanical species are only a higher and 
more permanent class of varieties.” He extends the 
same view to animals. The Dean believes that, single 
species of each genus were created in an ori@nnlly 
highly plastic condition, and that these have produced, 
chiefly by intercrossing, but likewise by variation, all 
our existing species. 

In 1826 Professor Grant, in the concluding para- 
graph in his well-known paper (’ Edinburgh Philosophi- 
cal Journal,’ vol. xiv. p. 283) on the Spongilla, clearly 
declares his beIief that species are descended from other 
species, and that they become improved in the course of 
modification. This same view was given in his 55th 
Lecture, published in the ‘ Lancet ’ in 18.14. 

In 1831 Mr. Patrick Matthew published his work on 
‘Naval Timber and Arboriculture,’ in which he fives 
precisely the same view on the origin of species as that 
(presently to be alluded to) propounded by Mr. Wallace 
and myself in the ‘Linnean Journal,’ and as that en- 
larged in the present volume. Unfortunately the view 
ma8 gien by Mr. Matthew very briefly in scattered 
passages in an Appendix to a work on a different 
subject, so that, it remained unnoticed until Mr. Matthew 
himself drew attention to it in the ’ Gardener’s 
Chronicle,’ on April ‘it*h, 1860. The differences of Mr 

2 
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Matthew’s view from mine are not of much importance : 
he seems to consider that the world was nearly de- 
populated at successive periods, and then re-stockcbd ; 
and he gives as an alternative, that new forms may-h 
generateil “without the presence of any mould or germ 
of former aggregates.” I am not sure that I understand 
some passages ; but it seems that he attributes much 
influence to the direct action of the conditions of life. 
He clearly saw, however, the full force of the principle 
of natural selection. 

The celebrated geologist and naturalist, Von Buch, 
in his excellent ‘Description Physique des Isles. 
Canaries’ (1836, p. 147), clearly expresses his beliuf 
tllat varieties slowly become changed into permanent 
species, which are no longer capable of intercrossing. 

Rafinesque, in his ‘Xew Flora of North America,’ 
published in 1836, wrote (p. 6) as follows :-“A11 
species might have been varieties once, and many 
varieties are gradually becoming species by assuming 
constant and peculiar charnctcrs ;” but farther on 
(p. 18) he adds, ‘I except the. original types or ancestors 
of the genus.” 

In 1843-44 Professor Haldeman (’ Boston Journal of 
h’at,. .Hist. U. States,’ vol. iv. p. 468) has ably given the 
arguments for and against the Ihypothesis of the develop- 
ment aud modification of spccics : he seems to lean 
towards the side of change. 

The ‘ Vestiges of Creation ’ appeared in 1844. In 
111~ teln& and much improved edition (1853) the 

anonymous author says (p. 165) :-“ The proposition 
rlctermined on after much consideration is, that the 
several series of animated beings, from the simplest ant1 
oklest up :LI the highest and most recent,, are, under the 
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pmvidcnce of God, the results,&&, of an impulse which 
has been imparted to the forms of life, advancing them, 
in definite times, by generation, through grades of 
organisation terminating in the highest dicotyledons 
nlld vellebrata, these grades being few in number, and 
generally marked by intervals of organic character, 
which we find to .be a practiml dificulty in ascertaining 
affinities ; second, of another impulse connected with the 
vital forces, tending, in the cours0 of generations, tu 
modify organic structures in accordance with external 
circumstances, as food, the nature of the habkat, and 
the meteoric agencies, these being the ‘adaptations ’ of 
the natural theologian.” The author apparently believes 
that organisation progresses by sudden leaps, but that 
the effects produced by the conditions of life are gradual. 
1Ie argues mith much force’011 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 see. throughout nature; I cannoL 
see that we thus gain any insight how, for instance, a 
woodpecker has become adapted to its pamliar habits 
of life. The work, from its powerful and brilliant styla, 
though displaying in the earlier editions little accurate 
knowledge and a great want of scientific caution, imme- 
diately had a very wide circulation. In my opinion it 
has dune excellent service in this country in calling 
attention to the subject, in removing prejudice, and in 
thus prepnring tlic ground for the reaeplion of analogous 
riews. 

In 1846 the veteran geologist X. J. d’0maIius 
d’IIalloy p&&shed in an excellent though short, paper 
(’ Bulletins de I’Aead. Boy. Bruxclles,’ tom. xiii. p. 581) 
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his opinion that it is more probable that new species 
have been produced by desc.ent with modification than 
that they have been separately created: the aut,hor 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 
progrcssion of such organic phenomena may hnvo been 
committed, we, as yet; are ignorant.” In hi_s Address 
to the British Association, in 1858, he speaks (p. li.) of 
“the axiom of the continuous operation of creative 
power, or of the ordained becoming of living t,hings.” 
Farther on (p. xc.), after referring to geographical dis- 
tribution, he adds, ‘( These phenomena shake our con& 
dence in the conclusion that the Apteryx of New 
Zealand and the Red Grouse of Eugland were dist,inct 
creations in and for those islands respectively. Always, 
also, it may be well to bear in mind that by the word 
‘ creation ’ the zoologist meane ‘a process he knows not 
what.’ ” He amplifies this idea by adding that when 
such cases as that of the Red Grouse are “ enumerated 
by the zoologist as evidence of distinct creation of the 
bird in and for such islands, he chieily 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 bheir origin to a great first 
Creative Cause.” If we interpret these sentences given 
in the same Address, one by the other, it appears that 
this eminent philosopher felt in 1858 his confidence 
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shaken that the Apteryx and the Red Grouse first 
appeared in their respective homes, “ he knew not how,” 
or by some process ‘(he knew not what.” 

This Address was delivered after the papers by Mr. 
Wallace and myself on the Origin of Species, presently 
to be referred to, had been read before the Linnean 
Society. 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 I included Professor Owen with 
other paheontologists as 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 I 
inferred, and the inference still seems to me perfectly 
just, from a passage be,oinning with the words ‘(no 
doubt the type-form,” &c. (Ibid. vol. i. p. xxxv.), 
that Professor Owen admitted that natural selection 
may have done something in the formation of a new 
species ; but this it appears (Ibid. vol. iii. p. ‘798) is 
inaccurate and without evidence. I also gave some 
extracts from a correspondence between Professor Owen 
and the Editor of the ‘London Rcvicw,) from which it 
appeared manifest. to the Editor as well as to myself, 
that Professor Owen claimed te have promulgated the 
theory of natural selection before I had done so ; and I 
expressed my surprise and satisfaction at this announoe- 
ment; but as far as it is possible to understand certain 
recently published passages (Ibid vol. iii, p. 798) I 
have either partially or wholly again fallen into error, 
It is consolatory to me that others find Professor Owen’s 
controversial writings as difficult to understand and to 
reconcile with each other, as I do. As far as the mere 
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enunciution of the principle of natural selection is con. 
cerned, it is quite immaterial whether or not Professor 
Owen preceded me, for both of us, as shown in this 
hjstorical sketch, were long ago preceded by Dr. Well! 
and Mr. M&hews. 

M. Isidore Geoffroy Saint-Hilaire, in his lecturee 
delivered in 1850 (of which a R&urn6 appeared in the 
‘ Revue et Nag. du Zoolog.,’ Jan. 1851), briefly gives 
his reason for believing that specific characters “ sont 
fix&, pour chaque esp&ce, tam? qu’elle se perp0tue au 
milieu des mames circonstancea : ils se modifient, si les 
circonstances ambiantes viennent & changer.” “ En 
r&umQ, E’obstvwation des animaux sauvages demontre 
d4jb la variahilit6 limits% des esp8ces. Les eqhiences 
sur les animnux sauvages devenus domestiqnes, et sur 
les animaux domestiques redevenus saw-ages, la dbmon- 
trent, plus clairement encore. Ces m&mes exp6riences 
prouvent, de plus, que les diff&ences produites peuvent 
&ire de z;aleur ge’ndripue.” In his ‘ Hist. h’at. G&&ale’ 
(tom. ii. p. 450,1859) he amplifies analogous conclusions. 

From a circular lately issued it appears that Dr. 
Freke, in 1851 (‘Dublin Medical Press,’ p. 322), pro- 
pounded the doctrine that all organic beings have 
descended from one primordial form. His grounds of 
belief and treatment of the subjecl art: wholly different 
from mine ; but as Dr. Frcke has now (1861) published 
his Essay on the (Origin of Spcics by means of 
Organic Affinity,’ the di Wcult attempt to give any ida 
of his views would be superfluous on my part,. 

Mr. Herbert Syence.r, in an Essay (originally pub- 
lished in the ’ Leader,’ March, 1852, and republished in 
his ‘Essays,’ in 1868), has contrasted the theories of the 
Creation and the Development of organic beings with 
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remarkable skill and force. He argues from the analogy 
of domestic productions, from the changes which the 
embryos of many species undergo, from the difficulty 
of distin,tishing species and varieties, and from thu 
principle of general gradation, that species have been 
modified ; and he attributes t,he modificat.ion to the 
change of circumstances. The author (1855) has also 
treated Psychology on the principle of bhc necessary 
acquirement of each mental power and capacity by 
gradation. 

In 1852 M. Naudiu, a distinguished botanist, ex- 
pressly stated, in an admirable paper on the Origin of 
Species (’ Revue Horticole,’ p. 102 ; since partly repub- 
lished in the ‘ Nouvelles Archives du Mu&urn, tom. i. 
p. l’i’l), his belief that species are formed in an 
analogous manner as varieties are under cultivation ; 
and the latter 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 calIs the principle 
of finality, ” puissance myst&euse, ind6termin6e ; 
fatalit pour les uns; pour les autres, volont6 provi- 
dentielle, d0nt l’action incessante sur lea &es vivants 
d&ermine, B toutes lea Bpoyues de l’existence du monde, 
la forme, le volume, et la dur&e de chacun d’eux, en 
raison de sa de&in&e dans l’ordre de chases dent il fait 
partie. C’est cette puissance qui harmonise chaque 
membre B l’ensemble, en l’appropriant g la fonction qu’il 
doit remplir dans I’organisme g&n&al de la nature, 
function qui est pour lui sa raison d’6tre.” * 

* From refrrencos in Ikonn’s ‘Untersuchungen tibcr clie Ent- 
wickelungs-Gesetxe,’ it appears that the celebrated bota>itrt 
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In 1853 a celebrated geologist, Count Keyserling 
(‘ IWetin de la Sot. GQolog.,’ 2nd Ser., tom. x. p. 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. 

In this same year, 1853, Dr. Schaaflhausen published 
an excellent pamphlet (‘Verlrand. des Naturhist. Vereina 
der Preuss. Rheinlands,’ 8x.), in which he maintains 
the development of organic forms ou the darb. He 
infers that many species have kept true for long periods, 
whereas a few have become modified. The distinction 
of species he explains by bhe destruction of intermediate 
graduated forms. ‘[ Thus living plants and animals are 
not separated from the extinct .by new creations, but 
are to be regarded as their descendants through continued 
reproduction.” 

A well-known French botanist, M. Lecoq, writes in 
1854 (‘Etudes sur GBograph. Bat.,’ tom. i. p. 250), 
“ On voit que nos recherches sur la fixit& ou la variation 
de l’espkce, nous conduisent directement wx id& bruises, 

palacontologist Unger published, in 1852, his belief that species 
undergo development and modification. Dalton, likewise, in 
Pander and Dalton’s work on Fossil Sloths, expresselI, in 1821, a 
srmllar belief. Similar views have. as is well known, heen mam- 
tained by Oken in his mystical ‘ Natnr-I’bilosoiQie.’ From other 
references in Godron’s work ‘SW l’%pBce,’ it se(‘ma tbat Eory 
Ot. Tiuccnt, Burd~h, I’oirnL, srd Fries, have all admitted Ihat new 
species are continually being produced. 

I may add, that of the thirty-form anthers named in this 
Historical Sketch, who believe in the modification of species, or at 
least disbelieve in separate acts of creation, twenty-seven have 
written on special branches of natural history or geology. 
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par deux hommes justement c&bres, Geoffroy Saint- 
IIilaire et Gcethe.” Some other passages scattered 
through M Lecoq’s large work, make it a little 
doubtful how far he extends his views on the modifiea- 
lion of species. 

The ‘Philosophy of Creation ’ has been treated in a 
masterly manner by the Rev. &den Powell, in his 
‘ Essays on the Unity of Worlds,’ 183% Nothing can 
be more striking than the manner in which he shows 
that the introduction of new spccics is “ a.re@r, not a 
casual phenomenon,” or, as Sir John Herschel expresses 
it, “ a natural in contradistinction to a miraculous 
process.” 

The third volume of the ‘Journal of the Linnean 
Society’ contains papers, read July lst, 1855, by Mr. 
Wallace and myself, in which, as stated in the intro- 
ductory remarks to this volume, the theory of Natural 
Selection is promulgated by Mr. Wallace wit,h admir- 
able force and clearness. 

Von Baer, towards whom all zoologists feel so pro- 
found a respect, expressed about the year 1859 (we 
Prof. Rudolph Wabmer, ‘ Zoologisch-Anthropologischo 
Untersuchungen,’ 1861, s. 51) his conviction, chiefly 
grounded on the laws of geographical distribution, that 
forms now perfectly distinct have descended from a 
eingle parent-form. 

In June, 1859, F’rofessor Huxley gave a lecture 
before the Royal Institution on the ( Persistent Types 
of Animal Life.’ Referring to such cases, he remarks, 

‘*‘It is difficult to comprehend the meaning of sue11 
facts as these, if we suppose that each species of animal 
and plant, or each great type of organisation, was 
formed and placed upon the surface of the globe at 
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long intervals by a distinct act of creative power ; a.nd 
it is we11 to recollect that such an assumption is as 
ansuppnrtcd by tmlition or rcvelafion as it is opl~3rcl 
to the general analogy of nature. If, on the other 
Ilaud, wo view ’ Persistent Types’ in relation to that 
llppothesis which snpyoses the species living at any 
time to be t,lle result of the gradual modification of 
pre-existing species a hypothesis which, though un- 
proven, and sadly damaged by some of its supporters, 
is yet the only one to which physiology lends any 
count.enancc; their esirtence would seem to show t,hat 
the amount of modliication which living beings haye 
undergone during geolug$cal time is but very small in 
relation to the whole series of cllangp which they have 
suffered.” 

In December, 1859, Dr. Hooker published his ( Mro- 
duction to the Australian Flora.’ In the first part of 
this great work he admits the truth of the descent and 
modiiication of spec.ics, and supports this doctrine 1,~ 
many original observations. 

The first edition of this work was published on 
November 24th, 1859, and the second edition on 
January 7th, 1860. 



OBIGIN OF SPECIES. 

INTRODUCTION. 

‘W’mN on board H.M.S. ‘ Bcwgle,’ as naturalist, I was 
much struck wit,h certain facts in the distriL&on of 
the organic beings inhabiting South America, anti in 
the geological relations of the present to the past 
inhabitant3 of that continent. These facts, as will 
be seen in the latter chapters of this volume, seemed 
to throw some light on the origin of species-that 
mystery of mysteries, as it has been called by one of 
our greatest philosophers. On my return home, it 
occurred to me, in 183’7, that something might perhaps 
be made out on this question by patiently accumulating 
and reflecting on all sorts of facts mhich could possibly 
have any bearing on it. After five years’ work I 
allowed myself to speculate on the subject, and drew 
up some short notes ; these I enlarged in 1844 into a 
sketch of the conclusions, which then seemed to me 
probable : from that period to the present day I have 
steadily pursued the same object. I hope that I may 
be excused for entering on these personal details, as 
I give them to show that I have not been hasty iu 
coming to a decision. 
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My work is now (1859) nearly finished ; but as it will 
take me many more years to complete it, and as my 
health is far from strong, I have been urged to publish 
this Abstract. I have more especially been induced 
to do this, &8 Mr. Wallace, who is now studying the 
natural history of the Malay archipelago, has arrived 
at eImost exactly the same general conolusions~ that 
I have on the origin of species. In 1858 he sent me 
R memoir on this suhaject, wit,h a request that I would 
forward it to Sir Charles Lyell, who sent if to the 
Linnean Society, and it is published in the third 
volume of the Journal of that Society. Sir C. Lyell 
and Dr. Hooker, who both knew of my work-the 
latter having read my sketch of 1844-honoured me 
by thinking it advisable to publish, with Mr. Wallace’s 
excellent memoir, some brief extracts from my manu- 
scripts. 

This Abstract, which I now publish, must necessarily 
be imperfect. I cannot here give references and au- 
tlw+,ies for my several statements; and I must trust 
to the reader reposing some confidence in my accuracy. 
No doubt errors will have crept in, though I hope I 
have always been cautious in trusting to good authorities 
alone. I can here give only the general conclusions 
at which 1 have arrived, with a few facts in illustration, 
but which, I hope, in most cases will suffice. No one 
citn fed mure se&He than I do of the necessity of 
hereafter publishing in detail all the facts, with refer- 
ences, on which my conclusions have been grounded; 
and I hope in a future work to do this. For I am 
well aware that, scarcely a single point is discussed in 
this volume on which facts cannot be adduced, often 
apparently lendin, m to conclusions directly opposite to 
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those at which I have arrived. A fair result can be 
obtained only by fully stating and balancing the facti 
and arguments on both sides of each question ; and this 
ia here impossible. 

I much regret that want of space prevents my having 
the satisfaction of acknowledging the generous assistance 
which I have received from very many uatuialists, some 
of them personally unknown to me. I cannot, however, 
let this opportunity pnss without expressing my deep 
obligations to Dr. IIooker, who, for the last fifteen 
years, has aided me in every possible way by his large 
stores of knowledge and his excellent judgment. 

In considering the Origin of Species, it is quite 
conceivable that a naturalist, reflecting on the mutual 
affinities of organic beings, on their embryological 
relations, their geographical distribution, geological 
succession, and other such facts, might come to the 
conclusion that species had not been independently 
created, but had descended, like varieties, from other 
species. Neverthclcss, such a conclusion, even if we11 
founded, would be unsatisfactory, until it could be 
shown how the innnmemble species inhabiting this 
world have been modified, so as t,o acquire that perfec- 
tion of structure and coadaptation which justly excites 
our admiration. Naturalists continually refer to ex- 
ternal conditions, such as climate, food, &c., aa the 
only possible cause of variation. In one limited sense, 
as we shall hereafter see, this may be true ; but it is 
preposterous to attribute to mere uxLerna1 conditions, 
the structure, for instance, of the woodpecker, with its 
feet, tail, beak, and tongue, so admirably adapted to 
catch insects under the bark of trees. In the case of 
the mistletoe, which draws its nourishment from certain 
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trees, which has seeds that must be transported by 
certain birds, and which llaa flowers with separate sexes 
absolutely requiring the agency of certain insects to 
bring pollon from one flower to the other, it is equally 
preposterous ti accuuut for the structure of this parasite, 
with its relations to several distinct organic beings, by 
the effects nf external oonditions, or of habit, or of the 
volition of the plant itself. 

It is, therefore, of the highest importance to gain a 
clear insight into the means of modification and co- 
adaptation. At 6he commencement, of my nhservations 
it seemed to me probable that a careful study of domes- 
ticated animals aud of cukivated plants would offer the 
best chance of making out this obscure problem. Nor 
have I been disappinted ; in this and in all other 
yerpledng cases I have invariably found that our 
knowledge, imperfect though it be, of variation under 
domestication, afforded the best a.nd safest clue. I may 
venture to express my conviction of the high value of 
such studies, although they bnve been vary commonly 
neglected by naturalists. 

From these considerations, I shall devote the first 
chapter of this Abstract to Variation under Domesti- 
cation. We shall thus see that a large amount of 
2~~clitory modification is at least possibIe ; and, what 
is equally or more important, we shall see how great 
is the power of man in accumulating by his Selection 
successive slight variations. I will then pass on to 
the variahilifSy of species in a state of wature ; but 1: 
shall, unfortunately, be compelled to treat this subject 
far too briefly, as it can be treated properly only by 
giving long catalogues of facts. We shall, however, be 
enabled to discuss what circumstances are most fauutue 
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able to variation. In the next chapter the Struggle for 
Existence amongst all organic beings throughout the 
world, which inevitably follows from the high geo- 
metrical ratio of. their increase, will be considered. 
Tlh is the doctrine of M&hus, applied to the wholo 
animal and vegetable kingdoms. -4s many more in- 
dividu& of each qecies are born than can possibly 
survive; and as, consequently, there is a frequently 
recurrin,o struggle for existence, it follows that any 
being, if it vary however slightly in any manner 
profitAle to itself, under the complex and sometimes 
varying conditions of life, will have a better chance of 
surviving, and thus be n.aturally selecied. From the 
strong principle of inheritance, any selected variety 
will tend to propagate its new and modified form. 

This fundamental subject of Natural Selection will 
be treated at some length in the fourth chapter; and 
we shall then see how Natural Selection almost in- 
evitably causes much Extinction of the less improved 
forms of life, and leads to what I have called Diver- 

gence of Character. In the next chapter I shall discuss 
the complex and little known laws of variation. In 
the five succeeding chapters, the most apparent and 
gravest difficulties in accepting the theory will be 
given : namely, first, the diKculties of transitions, or 
how a simple being or a simple organ can be changed1 
and perfected into a Lighly developed being or into an 
daborately constructed organ ; secondly, the subject of 
Instinct, or the mental powers of anim& ; thirdly, 
Hybridism, or the infertility of species and the fertility 
of varieties when intercrossed ; aud fourthly, the im- 
perfection of the Geological Eecord. In the nest 
chapter I shall consider the geological succession of 
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organic beings throughout time ; in the twelfth and 
thirteenth, their geographical distribution throughout 
space ; in the fourteenth, their classification or mutunl 
afinities, both when mature and in an embryonic con- 
dition. In the last chapter I shall give a brief reeapitu- 
lation of the whole work, and a few concluding remarks. 

No OIW ought to feel surprise at much remaining aa 
yet unexplained in regard to the origin of species and 
varieties, if he m&c due allowance for our profound 
ignorance in regard to the mutual relations of the many 
beings which live arnnnrl us. Who can explain why one 
species ranges widely and is very numerous, and why an- 
other allied species has a narrow range and is rare+ Yet 
these relations are of the highest importance, for they 
determine the present welfare and, as I believe, the future 
success and modification of every inhabitant of tf is 
world. Still less do we know of the mutual relations of 
the innumerable inhabitants of the world during the 
many past geological epochs in its history. Although 
much remains obscure, and will long remain obscure, I 
can entertain no doubt, after the most deliberate study 
and dispassionate judgment of which I am capable, that 
the view which most naturalists until recently enter- 
tained, and which I formerly entertained-nnmely, that 
each species has been independently created-is erro- 
neous. I am fully convinced that species are not 
immutable; but that those belonging to what are called 
the same genera are lineal descendants of some other and 
ger~erdly extinct species, in the same manner as the 
acknowledged varieties of any one species are the de- 
scendants of that species. Furthermore, I am convinced 
that Natural Selection has been the most important, 
but not the exclusive, means of modification. 
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CTIAPTEX L 

VARIATION UNDER DOMESTICATION. 

Cansee of Variability-Effects of Habit and the use or disuse of 
Parts-Correlated Variation-1nheritanceCharacter of RI- 
mestic Varieties-Dificulty of distinguishing between Varieties 
and Species-Origin of Domestic Varieties from one or more 
Species-Domestic Pigeons, their Differences and Origin- 
Principles of Selection, anciently followed, their Effeects- 
Methodical and Unconscious Selection-Unknown Origin of 
our Domestic Productions -Circumstances favourable to Man’s 
power of Selection. 

Causes of Var;ability. 

WHIPI we compare the individuals of the same variety 
or sub-variety of our older cultivated plants and animals, 
one of the first points which strikes us is, that they 
generally diKer more from each other than do the 
individuals of any one species or variety in a state of 
mture. And if we reflect on the vast diversity of the 
plants and animals which have been cultivated, and 
which have vrkcd during nil ages under the most 
different climates and treatment, we are driven to 
conclude that this great variability is due to our 
domestic productions having been raised under con- 
ditions of life not so uniform as, and somewhat 
different from, those to which the parent species had 
been exposed under nature. There is, also, some pro- 
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bability in the view propounded by Andrew Knight, 
that this variability mn,y be partly connected with 
excess of food. It seems clear t.hat organic beings 
must be exposed during several generations to new 
conclit.ions to cause any great amount of variation; and 
that, when the organisation has onde begun to vary, it 
generally continues varying for many generations. No 
case is on record ,of a variable organism ceasing to vary 
under cultivation. Our oldest cultivated plants, such 
as wheat, still yield new varieties: our oldest do- 
mesticated animals ztrc still capable of rapid improv- 
ment or modification. 

-4s far as I am able to judge, after long attending to 
the subject, the conditions of life appear to act in two 
ways,- dirent,ly on the whole organisation qr on oertain 
parts alone, and indirectly by affecting the reproductive 
system. With respect to the direct action, we must 
bear in mind that in every case, as Professor Weis- 
mann has 1ateIy insisted, and as I have incidentally 
shown in my work on ‘ Variation under Domestic.ation,’ 
there are two factors : namely, the nature of the orgnn- 
ism, and the nature of the conditions. The former seems 
to be much the more important ; for nearly similar vari- 
ations sometimes arise under, as far as we can judge, 
dissirniIar conditions ; and, on the other hand, dissimilar 
variations <arise under conditions which appear to be 
nearly uniform. The effects on the offspring are eit.her 
definite or indefinite. They may bt: considered as deii- 
nite when all or nearly all the otrspring of individuals 
exposed to certain conditions during several generations 
are modified in the same manner. It is extremely 
difficult to come to any conclusion in regard to the 
extent of the changes which have been thus definitely 
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induced. There can, however, be little doubt about many 
slight changes,-such as size from the amount of food, 
&our from the nature of the food, thickness of the skin 
and hair from climate, &c. 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 generabions on many 
individuals, all probably would be modified in the same 
mii~mer. Suc;h f%.cls as Lhe cun~ylex and extraordinary 
out-growths which variably follow from the insertion 
of a miuute drop of poison by a gall-producing insect, 
show us what singular modifications might result iu 
the case of plants from a chemical change in the nature 
of the sap. 

Indefinite variability is a mu& more commnn result 
of changed conditions t,ban clefinite variability, and has 
probably played a more important part in t,he forma- 
tion of our domestic races. We see indefinite vari- 
ability in the endless slight peculiarities which 
distinguish the individuals of the same species, and 
which cannot be accounted for by inheritance from 
either parent or from some more remote ancestor. 
Even strongly-marked differences occasionally appear 
in the young of the same litter, and in seedlings from 
the same seed-capsule. At long intervals of time, out 
of milliwU8 UP individuals reared in the same 
count,ry and fed on nearly the same food, deviations of 
structure EO strongly pron()uuccd w to deserve to be 
called monstrosities arise ; but monstrosities cannot be 
separated by any distinct line from sligllter variations. 
All such changes of structure, whether extremely 
slight or strongly marked, which appear amongst 

many individuals Living tcgether, may be considered 
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aa the indefinite effects of the con.ditions of life on each 
individual organism, in nearly the same manner a3 the 
chill affects different men in an indefinite manner, 
according to their state of body or constitution, causing 
cou$~s or colds, rheumatism, 01 ilrtlmrunation Of varions 
orpns. 

With respect . to what I have mlled tho indirect 
action of changed conditions, namely, through the 
reproductive system of being affected, we may infer 
that variability is thus induced, partly from the fact of 
this system being ext.remely sensitive to any change in 
the conditions, and partly from the gimilarity, as 
Kiiilreuter and others have remarked, between the 
variability which ~OIIOWS from the crossing of distinct 
species, and that which may be observed with plants 
and animals when reared under new or unnatural 
condit,ions. Many facts clearly show how eminently 
susceptible the reproductive system is to very slight 
changes in the surrounding conditions. Nothing is 
more easy than to tame an animal, and few things 
more d@xlt than to get it to breed freely under 
confinement, even when the male and female unite. 
Row many animals there are which will not breed, 
though kept in an almost free state in their native 
country ! Tliis is generally, but erroneously, attributed 
to vit;iat.ed instincts. Many cultivated plants display 
the utmost vigour, and yet rarely or never yeed 1 In 
some few cases it has been discovered that a very 
trifling change, such CLS a little more or less water at 

some particular period of growth, will determine whether 
or not a plant will produce seeds. I cannot here give the 
details which I have collected and elsewhere publish03 
on this curious subject; but to show how singular the 
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laws are which determine the reproduction of animals 
under confinement,, I may mention that carnivorous 
animals, even from the tropics, breed in this country 
pretty freely under confinement, with the exception of 
the plantigrades or bear family, which seldom produce 
young; whereas carnivorous birds, with the rarest ex- 
ceptions, hardly ever lay fortilc eggs. Many exotic 
plants have pollen utterly wort,hless, in the same 
condition as in the most sterile hybrids. When, on 
the one hand, we see domesticated animals and pIa&, 
though often weak and sickly, breeding freely under 
confinement; and when, on the other hand, we see 
itldividuals, though taken young from a state of nature 
perfectly tamed, long-lived and healthy (of which I 
could give numerous instances), yet having their re- 
productive system so seriously affected by unperceived 
causes as to fail to act, we need not be surprised at this 
system, when it does act under confinement, act,ing 
irregularly, and producing orspring somewhat unlike 
t,heir parents. I may add, that as some organisms 
breed freely under the most unnatural conditions (for 
instance, rabbits and ferrets kept in hutches), showing 
that their reproductive organs are not easily aff’ected ; 
so will some animds and plants withstand domestica- 
tion or cultivation, and vary very slightly-perhaps. 
hardly more than in a state of nature. 

Some natura1ist.s have maiutaiuetl Lhat all variations 
are connected with the act of sexual reproduction; but 
this is certainly an error ; for I have given in another 
work a long list, of “ sporting plants,” aa they are called 
by gardeners ;-that is, of plants which have suddenly 
produced a single bud with a new and sometimes 
widely diffcrcnt charnctcr from that of the other buds 
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on the same plnut. These bud variations, as they may 
be named, can be propagated by grafts, offsets, kc., and 
sometimes by seed. They occur rarely under nature, 
but are far from rare under culture. As a single bud 
UUL ul the lllarly thousands, produced year after year on 
the same tree under uniform conditions, has been 
known suddenly to assume a new character; and as 
buds on distinct trees, growing under different con- 
ditions, have sometimes yielded nearly the same variety 
-for instance, buds on peach-trees producing nec- 
tarines, and buds on common roses producing moss- 
roses- we clearly see that the nature of the con- 
ditions is of subordinate importance in comparison 
w<th the nature of the organism in determining each 
particular form of variation ;-perhaixs of not more 
importance than the nature of the spark, by which a 
mass of combustible matter is ignited, has in deter- 
mining the nature of the flames. 

h”exts of Habit and of the Use or Dime of Parts; 
Correlated Variation ; Inheritance. 

Changed habits produce an inherited effect, as in the 
period of the flowering of plants when transported from 
one climate to another. With animals 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 and the bones of the leg more, in 
proportion to tl le whule slieletorr, than do the we 
bones in the wild-duck ; and this change may be 
&ely attributed to the domestic duck flying much 
less, and walking more, than its wild parents. The 
great and inherited development of the udders in cows 
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and goats in countries where they are habitually 
milked, in comparison with these organs in other 
countries, is probably another instance of the effects of 
use. Not one of our domestic animals can be named 
which has not in some country drooping ears ; and tho 
view which has been suggested that the drooping is due 
to disuse of the muscles of the ear, from the animala 
being seldom much alarmed, seems probable. 

Many laws regulate variation, some few of which can 
be dimly seen, and will hereafter be briefly discussed. 
I will here only allude to what may be called c.orrclated 
variation. Important changes in the embryo or larva 
will probably entail changes in the mature animal. In 
monstrosities, the correlations between quite distinct 
parts are very curious ; and many instances are given 
in Isidore GeoEroy St. Ililaire’s great work on this 
enb,ject. Breeders believe that long limbs are almost 
always accompanied by an elongated head. Some 
instances of correlation arc quite whimsical: thus cats 
which are entirely white and have blue eyes are 
generally deaf; but it has been lately stated by Mr. 
‘Fait t,hat this is confined to the males. Colour and 
constitutional peculiarities go together, of which many 
remarkable cases could be given amongst animals and 
plants. From facts collec~ted by Heusinger, it appears 
that whito sheep and pigs are injured by certain plants, 
whilst dadw010ured individual3 escape : Professm Wy 
man has rcceutly communicated to me a good illustra- 
tion of this fact; on askin, snme fwmers in Virginia 
110% it was that all their pigs were black, they informed 
him that the pigs ate the paint-root (Lachnanthes), which 
coloured their bones pink, and which caused the hoofs 
of all but the black varieties to drop off; and one of the 
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&' crackers " (i.e. Virginia squatters) added, “we select 
the black members of a litter for raising, as they alone 
have a good chance of living.” Hairless dogs have 
imperfect teeth ; long-haired and coarse-haired animals 
are apt to have, as is asserted, long or many horns; 
pigeons with feathered feet have skin between their 
oLzter toes ; pigeons with short beaks have small feet, 
and those with long beaks la,rge feet. Hence if man 
goes on selecting, and thus nugmen ting, any peculiarity, 
he will almost certainly modify nnintentionally 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 a.re infinitely complex and 
diversified. It is well worth while carefully to study 
the several treatises on some, of our old cultivated 
plants, as on the hyacinth, potato, even the dahlia, &c. ; 
and it is realIy surprising to note the endless points of 
structure and constitution in which the varieties and 
sub-varieties differ slightly from each othor. The 
whole organisation seems to have become plastic, and 
departs in a slight degree from that of the parental 
type. 

Any variation which is not inherited is unimportant 
for ix Hut the number and diversity of inheritable 
deviations of structure, bat11 those of slight and those of 
c~xZ~rairle physiological importance, are endless. Dr. 
Prosper Lucns’s treatise, iu two la.rge volumes, is the 
fullest and the boat on &is aub.ject. No breeder duubLs 
how strong is the tendency to inheritance ; that like 
produces like is his fundamental belief: doubts have 
been thrown on this principle only by theoretical 
writers. When any cIe\iation of structure often ap 
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pears, and we see it in the father and child, we cannot 
tell whether it may not be due to the same cause 
having acted on both ; but when amongst individuals, 
apparently exposed to the same conditions, any very 
rare deviation, due tu MJIW extraordinary combination 

of circumstances, appears in the parent-say, once 
amongst sc~crrtl million individ\lals-and it reappears 

in the child, the mere doctrine of chances almost com- 
pals us to attribute its reappearance to inheritance. 
Every one must have heard of cases of albinism, 
prickly skin, hairy bodies, kc., appearing in several 
members of the same family. If strange and rare 
deviations of structure are really inherited, less strange 
and commoner deviations may be freely admitted to be 
inheritable. Perhaps the correct way of viewing the 
whole subject would be, to look at tlla inheritance of 
every character whatever as t.he rule, and non-in- 
heritance as the anomaly. 

The laws governing inheritance are for the most part 
unknown. Wo one can say why the same peculiarity 
in cliffcrent individuals of the same species, or in 
diflerent species, is sometimes inherited and sometimes 
not so ; why the child often reverts in certain characters 
m its grandfather or grandmother or more remote 
ancestor ; why a peculiarity is often transmitted from 
one sex to both sexes, or to one sex alone, more com- 
monly but not exclusively Lo the like sex. It is a fact 

of some importance to us, that peculiarities appearing 
in the m&s of ow domestic breeds are often trans- 

mitted, either exclusively or in a much greater degree, 
to the males alone. A much more important rule, 
which I think may be trusted, is that, at whatever 
period of life a peculiarity first appears, it tends to 
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reappear in the offspring at a corresponding age, 
though sometimes earlier. In many cases this could 
not be otherwise; thus the inherited peculiarities in 
the horns of catt.le could appear only in the offspring 
vhcn nearly mature ; p eculinrities in the silkworm are 
known to appear at the corresponding caterpillar or 
cnc.oon st.ab+e. But hereditary diseases and some other 
facts make me believe that the rule has a wider exben- 
sion, 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 appeared in the y&rent.. I 
believe this rule to be of the highest importance in 
explaining the laws of embryology. These remarks are 
of courie confined to the first appearance of the pe- 
culiarity, and not to the primary cause which may hsve 

acted on the ovules or on the mnle element; in nearly 
the same manner as the increased length of the horns 
in the offspring from a short-horned cow by a long- 
horued hull, thou& appe-aring late in life, io clearly 
due to the male element. 

Having alluded to the subject of reversion, 1 mny 

here refer to a statement often made by naturalists- 
namely, that our domestic variet,ies, when run wild, 
gradually but invariably revert in charzter to their 
abori$nal stocks. Hence it has hecn argued that no 
deductions can be ~Irawn from domestic races to species 
in a state of nature. ,I have in vain endeavoured to 
discover on w&at decisive facts the above statement 
has so often and so boldy been made. There would be 
great difficulty in proving its truth : we may safely 
conclude that very many of the most strongly marked 
domestic varieties could not possibly live in a wild 
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atate In many cases we do no know what the abo- 
riginal stock was, and so could not tell whether or not 
nearly perfect reversion had ensued. It would 3ne 
necessary, in order to prevent the effects of inter- 
c1vssiug, that only a single: variely &ould have ~JWXI 

turned loose in its new home. Nevertheless, a3 our 
varieties certxCnly 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 d&uite action of the poor soil), that 
they would, to a large extent, or even wholly, revert 
to the wild aboriginal stock. Whether or not the 
experiment would succeed, is not of great importance 
for our line of argument ; for by the experiment itself 
the conditions of life are changed. If it could be shown 
that our domestic varieties manifested a strong tendency 
tn reversion,--that is, to lose their acquired characters, 
whilst kept under the same conditions, and whilst kept 
in a considerable body, so that free intercrossing might 
check, by blending together, any slight deviations in 
their structure, in such case, I grant that we could de- 
duce nothing from domestic varieties in regard to 
species. But there is not a shadow of evidence in 
favour of this vi?w : to assert that we could not breed 
our cart and race-horses, long and short-horned 
cattle, rind poultry of r-arioua brocds, and ommlcnt 
vegetables, for an unlimited number of generations, 
would be opposed to all experience. 
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Character of Domestic Varieties ; d@‘icubty of &is- 
tinguislhg between Varieties and bpecies ; origin o/ 
.Rom.&ic Variebies from one or more Species. 

When we look to the hereditary varieties or races of 
our domestic nnimals and plants, and compare them 
with closely allied species, we generally perceive in 
each domest,ic race, as already remarked, lms uniformity 
of character than in true spec.ies. Domestic races often 
have a somewhat monstrous c.haracter ; by which I 
mean, that, although diKering from each other, and 
from other species of thesame genus, in Several trifling 
respects, they often differ in an extreme degree in some 
one part, both when compared one with another, and 
more especially when compared with the species under 
nature to which they are nearest allied. With these 
exceptions (and with that of the perfect fertility of 
varieties when crossed ,-a subject hereafter to be 
discussed), domestic races of the sa.me species dXer 
from each other in the same manner as do the closcly- 
allied species of the same genus in a state of nature, 
but the differences in most cases are less in degree. 
This must be admitted as true, for the dome&c races 
of many animals and plants have been ranked by some 
compctcnt judges as the descendants of aboriginally 
distinct species, and by other cu~rqxLe~~L judges as mere 
varieties. If any well marked distinction existed 
between a domes& race and a spocios, this source of 
doubt would not so perpetually recur. It has often 
been stated that domestic races do not differ from each 
other in characters of generic value. It can be shown 
that this statement is not correct ; but naturalists differ 
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much in determining what characters are of generic 
value; ‘all such valuations being at present empirical. 
When it is oxplaiwd how genera originate under 
nature, it will be seen that we have no right to expect 
often to find a generic :tmounL of di&refice 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 whether they are 
descended from one or several parent species. This 
point, if it could be cleared up, would be interesting; 
if, for instance, it could be shown that the greyhound, 
bloodhound, terrier, spaniel, and bull-dog, which we 
all know propagate their kind truly, were the offspring 
of any single species, then such facts would have great 
weight in making us doubt about the immutability of 
the many closely allied natural species-for instance, 
of the many foxes-inhabiting different quarters of the 
world. I do not; believe, as we shall presently see, that 
the whole amount of difference between the several 
breeds of the dog has been produced unde.r domesti- 
cation ; I believe that a small part of the difference is 
due to their being descended from distinct species. In 
the case of strongly marked races of some other domes- 
tic,ated species, there is presumptive or even strong 
evidence, that all are descended from a single wild 
stock. 

It has often been assumed that man has chosen for do- 
mcstioation animals aud plants having an extraordinary 
inherent tendency to vary, and likewise to withstsLnd 
diverse climates. I do not dispute that these capacities 
have added largely to the value of most of our domes- 
ticated productions m but how could a savage possibly 
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know, when he first tamed an animal, whether it would 
vary in succeeding generations, and whether it would 
endure other climates 3 Has the little variability of 
the ass and goose, or the sn4.l power of endurance of 
warmth by the reindeer, or of cold by the common 
camel, prevented their domestication ? I cannot doubt 
that if other animals and plan@ equal in number to 
our domesticated productions, and belonging to equally 
diverse classes and countries, were. taken from rr, state 
of nature, and could be made to breed for an equal 
number of generations under domestication, they would 
on a average vary as largely as the parent species of our 
esistimg domesticated productions have varied. 

In the case of most of our anciently domest,ioated 
animals and plants, it is not possible to come to any 
definite conclusion, whether they are descended from 
one or several wild species. The argument mainly 
relied on by those who believe in the multiple origin of 
our domestic animals is, that we find in the most 
ancient times, on the monuments of Egypt, and in the 
lake-habitations of Switzerland, much diversity in the 
breeds ; and that some of these ancient breeds closely 
resemble, or are even identical with, those still existing, 
But this only throws far backwards the history of 
civil&&n, and shows that animals were domesticated 
at a much earlier period than has hitherto been supposed. 
The lake-iinhabitants of SwiLzarland cultivated several 
kin& of wheat and barley, the pea, the poppy for oil, 
and flax; and t.hcy possossod several domestbated 
animals. They also carried on commerce with other 
nations. All this clearly shows, as Heer has remarked, 
that they had at this early age progressed considerably 
in civilisation ; and this again implies a long continued 
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previous period of less advanced civilisation, during 
which the domesticated animals, kept by different 
tribes in different districts, might have varied and given 
rise to distinct races. Since the discovery of flint tools 
in the superficial forma~iun~ uf mung part;r of the world, 
nil geologists believe that barbarian man existed at an 
enormously remote period ; and \vo know that at the 
present day there is hardly a tribe so barbarous, as not 
to have domest,icated 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 the domestic dogs of the whole world, 
I haIre, after a laborious collection of all known facts, 
come to the conclusion that several wild species of 
Canidze have been tamed, a.nd that their blood, in some 
cases mingled together, flows in the veins of our do- 
mestic breeds. In regard to sheep and goats I can form 
no decided opinion. From facts communicated to me 
by Xr. Blytb, on the habits, voice, constitution, and 
structure of the humped Indian cattle, it is almost 
certain that they are descended from a different 
aboriginal stock from our European cattle ; and some 
competent judges believe that these latter have had 
two or thrco wild progenitors,-whether or not these 
deserve to be called species. ‘l&is conclusion, as well 
;tg that of the speci& distinction between the humped 
ad commoIl caLLlv, may, indeed, be looked upon as 
established by the admirable researches of Professor 
Riitimeyer. With roapect to horses, from retion:! 
which I cannot here give, I am doubtfully inclined 
to believe, in opposition to several authors, that all 
the races belong to the same species. Having kept 
nearly all the English breeds of the fowl alive, having 
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bred and crossed them, and examined their skeletons, 
it appears to me ahost certain that all are the 
descendants of the wild Indian fowl, Gallus bankiva; 
and this is the conclusion of Xr. Blyth, and of others 
TAO have studied this bird in India. In regard to 
ducks and rabbits, some breeds of which differ much 
from each other, the evidence is clear that they aro all 
descended from the common wild duck and rabbit. 

The doctrine of the origin of our several domestic 
races from several aboriginal stocks, has been carried to 
an absurd extreme by some authors. They believe that 
every race which breeds true, let the distinctive 
characters be ever so sljght, has had its wild prototype. 
At this rate t,herc must have existed at least a score of 
species of wild cattle, as many sheep, and several goats, 
in Europe alone, and several even within Great Britain. 
One author l.Jelieves that there formerly existed eleven 
wild species of sheep peculiar to Great Britain! When 
we bear in mind that Britain has now not one peculiar 
mammal, and France but few distinct from those of 
Germany, and so with Hungary, Spain, kc., but that 
each of these kingdoms possesses several peculiar breeds 
of cattle, sheep, &c.; we must admit. that many domestic 
breeds must have originated in Europe; for whence 
otherwise could they have been derived? So it is in 
India. Even in t.he cnse of the breeds of the domestic 
dog throughout the world, which I admit xi-e descended 
from several wild species, it cannot be doubted that 
there 1~s hoen an immense amount of inherited 
variation ; for who will believe that animals closely 
resembling the Italian greyhound, the bloodhound, the 
bull-dog, pug-dog, or Blenheim spaniel, &C.-SO unlike 
all wild Canida-ever existed in a st.ate of nature 1 It 
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has often been loosely said that all our races of dogs 
have been produced by t,be crossing of a few aboriginal 
species ; but by crossing we can only get forms in some 
de,me intermediate between their parents ; and if we 
acoount for our scvcral domcstio races by this procc89, 
WC must admit the former existence of the most extreme 
forms, as the Italian greyhound, bIoodhounr1, hull-dog, 
&c., in the wild state. Moreover, the possibility of 
making distinct races by crossing has been greatly 
exaggerated. Many cases are on record, showing that a 
race may be modified by occasional. crosses, if aided by 
the careful sclcction of the individuals which present 
the desired character; but to obtain a race intermediate 
between two quite distinct 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 
everything seems simple enough; but when these 
mongrels are crossed one with another for several 
generat.ions, hardly t.wo of them are alike, and then the 
difbculty of the task becomes manifest. 

Breeds of the lkmestic Pi!Teon, thir DiIerenms and 
Origin. 

Believing tlmh it is always best to study some spo&l 
goup, I have,, after deliberation, taken up domestic 
pigeons. I hxve kept every brcsd which I could 
purchase or obtain, and have been most kindly favoureti 
with skins from several quarters of the world, more 
especially by the Hon. W. Elliot from India, and by 
the Hon. C. Murray from Persia. Many treatises in 

4 
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different languages have been published on pigeons, 
and some of them are very important, as being of 
considcrsble antiquity, I have associated with several 
eminent. fanciers, and have been permitted to jcin two 
of the London Pigeorr. Clubs. The diversity of the 
breeds is something astonishing. Compare the English 
carrier and the short-fuccd tumbler, and set: the 
wonderful difference in their beaks, entailing corres- 
ponding differences in their skulls. The carrier, more 
especially the male bird, is also remarkable from the 
wonderful development of the carunculated skin about 
the head ; and this is accompanied by greatly elongated 
eyelids, very large ext.ernal orifices to the nostrils, and 
a wide gape of mouth. The short-faced tumbler has a 
beak in outline almost like that of a finch; and the 
common tumbler has the singular inherited habit of 
flying at a great height in a compact fleck, and tumbling 
in the air bead over heels. The runt is a bird of great 
size, with long massive bertli and large feet; some of the 
sub-breeds of runts have very long necka, others very 
long wings and tails, others singularly short tails. The 
barb is allied to the carrier, but,, instead of a long beak 
has a very short and broad one. The pouter has a 
much elongated body, wings, and legs; and itu 
enormously developed crop, which it glories in inflating, 
may well excite astonishment and even laughter. The 
tubit has a short amI conical beak, with 8 line of 
reversed feathers down the breast; and it has the habit 
of continually expanding, slightly, the upper part of the 
cosophagus. The Jacobin has the feathers so much 
revcrscd along the back of the neck that they form a 
hood; and it has, proportionally to its size, elongated 
wing and tail feathers. The trumpeter and laugher, aa 
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their names express, utter a very different coo from the 
other breeds. The fantail has thirty or even forty tail- 
Eeathers, instead of twelve or fourteen-the normal 
oumbar in all the members of the great pigeon family : 
Wlese feathers aro kept expanded, and are carried so 
erect, that in good birds the head and tail touch: the 
oil-gland is quite aborted. Several other less distinct 
breeds might be specified. 

In the skeletons of the several breeds, the develop- 
ment of the bones of the face in length and breadth and 
curvat,nre diifers enormously. The shape, at8 well as the 
breadth and lengthof the ramus of the lower jaw, varies 
in a highly remarkable manner. The caudal and sacral 
vertebrcc vary in number; as does the number of the 
ribs, together with their relative breadth and the pre- 
sence of processes. The size and shape of the apertures 
in the sternum are highly variable ; so is the degree 
of divergence and relative size of the two arms of 
the fureula. The proportional width of the gape of 
mouth, the proport,ional length of the eyeliilu, uf the 
orifice of the nostrils, of the tongue (not always in strict 
correlation with the length of beak), the size of the crop 
and of the upper part of the cesophagus; the develop- 
ment and abortion of the oil-gland; the number of the 
primary wing and caudal feathers; the relative length 
of the wing and tail to each other and t,o the body ; the 
Aative length of the leg and foot; the number of 
bG:utellae on the toe?, the development. of skin between 
Lhe toes, are all points of structure which are variable. 
The period at which the perfect plumage is acquired 
varies, as does the state of the down with which the 
nestling bi.rds are clothed when hatched. The shape 
and size of the eggs vary. The manner of flight, and in 
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some breeds the voice and disposition, direr remarkably. 
Lastly, in certain breeds, the males and females have 
come to differ in a slight degree from each other. 

Altogether at least a score of pigeons might be chosen, 
which, if shown to an ornithologist, and he aerc told 
that they were wild birds, would certainly be ranked 
by llim as well-defined species. Moreover, I do not 
believe that any ornithologist would in this case place 
the English carrier, the short-faced tumbler, the runt, 

the barb, pouter, and fant#ail in the same genus ; more 
enpccinlly RS in mch of t,hese breeds several trulp- 
inherited sub-breeds, or species, as he would call them, 
could be sl~own him, 

Great as are the diflerences between the breeds of 
the pigeon, I am fully co&need that the common 
opinion of naturalists is correct, namely, that all are 
descended from the rock-pigeon (Columba livia), in- 
cluding under this term several geogaphical races or 
sub-species, which ditier from each other in the most 
trifling respects. As scvcral of the reasons which 

have led me to this belief are in some degree apqlicntJe 
in other CCMW, I will here Iridy give t,hem. Tf f,he 
several breeds are not varieties, and have not proceeded 
from the rock-pigeon, they must have dcsccnded from 
at least seven or eight aboriginal stocks; for it is 
impossjble to make the present domestic breeds by the 
cxossiug of any lesser number: how, for instance, could 
R pouter be produced by crossing two breeds unless 
one of the parent-stocks possessed the characteristic 
enormous crop 1 The supposed aboriginal stocks must 
all have been rock-pigeons, tbat is, they did not breed 
or willingly perch on trees. Eut besides C. livia, with 
ita geographical sub-species, only two or three other 
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species of rock-pigeons are known ; and these ha.ve 
not any of the characters of the domestic breeds 
Hence the supposed aboriginal stocks must either 
still exist in the countries where they were originally 
domesticated, and yet be unknown to ornithologists; 

and this, considering their size, habits, and remarkable 
characters, seema impm~~nl~lo; OP they must have 

become extinct in the wild state. But birds breeding 
on precipices. and good fliers, arc unlikely to be ex- 
terminated ; and the common rock-pigeon, which has 
the same habits v&h the domestic breeds, has not 
been exterminated even on several of the smaller 
British islets, br on the shores of the Mediterranean. 
IIence the snpposcd extermination of so many species 
having similar habits with the rock-pigeon seems a 
very rash assumption. Moreover, the several above- 
named domesticated breeds have been transported to 
all parts of the world, and, therefore, some of them 
must have been carried back again into their native 
country ; but not one has become wild or feral, though 
the dovecot-pigeon, which is the rock-pigeon in a very 
slightly alt.r:red state, hm become feral in several places. 
Again, all recent experience shows that it is difEcult 
to get wild animals to breed freely under domesti- 
&ion; yet on the hypothesis of the multiple origin 
of our pigeons, it must be assumed that at least seven 
01 eigllt spccics wwo SO thoroughly domesticated iu 

ancient times by half-civilised man, as to be quib 
~r01ifIc i~dftr mnfhement. 

An argument of great weight, and applicable in 
several other cases, is, that the above-specified breeds, 
though agreeing generally with the wild rock-pigeon 
in constitution, habits, voice, colouring, and in most 



28 DONESTIC PIOEOPI’S. CCHAP. 1. 

parts of their structure, yet are certainly highly abnor- 
md in other parts ; we may look in vain through the 
whole great family of Columbids for a beak like that 
of the English carrier, or that of the short-faced tumbltir, 
or barb; for reversed feathers like those of the J;icubi,in ; 
for a crop like that of t,he pouter ; for tail-feathers like 
thnse of the fantail. Hence it must be assumed not 
only that half-civilised man succeeded in thoroughly 
domesticating several species, but that he intention- 
ally or by chance picked out extraordinarily abnormal 
species ; and further, that these very species have since 
all become extinct or unknown. So many strange 
contingencies are improbable in the highest degree. 

Some facts in regard to the colonring of pigeons well 
deserve consideration. The rock-pigeon is of a slaty- 
blue, mith white loins; but the Indian sub-species, 
C. intermedia of Strickland, has this part bluish. The 
tail has a terminal dark bar, with the outer feathers 
externally edged at the base with white. The wings 
have two black bars. Some semi-domestic breeds, and 
some truly wild breeds, have, besides the two black 
bars, the wings chequered with black. These several 
marks clo not occur together in any other species of 
the whole family. Now, in every one of the domestic 
breeds, taking thoroughly well-bred birds, all the above 
marks, even to the white edging of the outer tail- 
feathers, sometimes conc.ur perfe’eclly cleveloped. More- 
over, when birds belonging to two or more distinct 
hreds are crossed, none of which are blue or hnvo 
any of the above-specified marks, the mongre1 offspring 
are very apt suddenly to acquire these characters, 
To give one instance out of several which I have 
observed:-I crossed some white fantails, which bred 
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very true, with some black barbs-and it so happBns 
that blue varieties of barbs arc so rare that I never 
heard of an instance in England; and the mongrels 
were black, brown, and mottled. I also crossed a barb 
with a spnt, which is a white bird with a red tail and 
red spot on the forehead, and which notoriously breeds 
very true; the mongrels were dusky and mott,led. I 
then crossed one of the mongrel barb-fantails with a 
mongrel barb-spot, and they produced a bird of as 
beautiful a blue colour, with the white loins, double 
black wing-bar, and barred and white-edged tail- 
feathers, ;ts any wild rock-pigeon ! We can uncler- 
stand these facts, on the well-known principle of 
reversion to ancestral characters, if all the domestia 
breeds are descended from the rock-pigeon. But if we 
deny this, we must make one of the two following 
highly improbable suppositions. Either, first, that ali 
the several imagined aboriginal stocks were ooloured 
and marked like the rock-pigeon, although no other 
existing species ia thus coloured and marked, so t,hat 
in each separate breed there might be a tendency to 
revert to the very same colours and markings. Or, 
secondly, that each breed, even the purest, has within 
a dozen, OS at most within a score, of generations, been 
crossed by the rock-pigeon: I say within a doz,er~ or 
twenty generations, for no instance is known of crossed 
descendants reverting to an ancestor of foreign blood, 
usmoved by a greater number of generations. In a 
breed rvtich has been crossed only once, the tendency 
In revert to any character derived from such a cross 
will naturally become less and less, as in each suc- 
ceeding generation there will be less of the foreign 
blobd ; but when there has been no cross, and there 
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is a t,endency in the breed to revert to a charactc!r 
which was lost during some former generation, this 
tendency, for all that we can see to the contrary, may 
be transmitted undiminished for an indefinite number 
of gencratiox3. These two distinct cases of reversion 
arc Of&h confounded together by those who have 
wrlttell on inheritance. 

Lastly, the hybrids or mongrels from between all the 
breeds of t,he pigcon are perfectly fertile. as I can 
state from my own observations, purposely made, on 
the most distinct breeds. Now, hardly any cases have 
been ascertained with certainty of hybrids from two 
quite distinct species of animals bciug perfectly fertile. 
Some authors believe that long-continued domestication 
eliminates this strong tcndcncy to sterility in species. 
From t,he history of the dog, and of some other domestic 
animals, this conclusion is probably quite c.orrect, if 
applied to species closely related to each other, Eut 
to extend it so far as to suppose that species, aborigi- 
nally as distinct as carriers, tumblers, pouters, and 
fantails now are, should yield ol’fspring perfectly fertile 
inter se, would be rash in the extreme. 

From these several reasons, namely,-the improba- 
bility of man having formerly made seven or eight 
supposed species of pigeons to breed freely under 
domestication ;-these supposed species being quit0 
unknown in a w-ild State, aud their not having become 
anywhere feral;-these species presenting certa.in very 
abnormal characters, as compared with all otlxr 
Columbidae, though so like the rock-pigeon in most 
respects ;-the occasional re-appearance of the blue 
colour and various black marks in all the breeds, both 
when kept pure and when crossed;-and lastly, t’he 
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mongrel offspring being perfectly fertile ;-from these 
several reasons, taken to&ether, we may safely conclude 
that all our domestic breeds are descended from the 
rock-pigeon or Columba livia with its geographical 
oub-syeaies. 

In favour of this view, I may add, firstly, that the 
w&l C. livia has beon found capable of domestication in 
Europe and in India ; and that it agrees in habits and 
in a great number of points of structure with all the 
domestic breeds. Secondly, 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, art 
almost perfect series ; so we can in some other cases, 
hut not with all the breeds. Thirdly, those characters 
wl;ich are maiuly distinctive of each breed are in each 
eminently variable, for instance the wattle and lengt,h 
of beak of the carrier, the shortness of that of the 
tumbler, and the number of tail-feathers in the fantail ; 
and the explanation of this fiact will be obvious when 
we treat of Selection. Fourthly, pigeons have been 
watc.hed and tended with the utmost care, and loved 
by many people. They have been domesticated for 
thousands of years in several quarters of the world ; 
the earliest ~UUW.IL racuril ul’ pigeclus is in the fifth 
Egyptian dynasty, about 3000 LG., as was pointed 
out to me by Professor Lop&s ; bnt Mr. Biroh informs 
me that pigeons are given in a bill of fare in the 
previous dynasty. In the time of the Romans, as we 
hear from Pliny, immense prices were given for 
pigeons ; “ nay, they are come to this pass, that they 
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can reckon up their pedigree and race.,’ Pigeon3 were 
much valued by Akber Khan in India, about the year 
lGO0; never less than 20,000 pigeon3 were taken with 
the court. ” The monarch3 of Iran ahd Turan sent him 
eomc very rare birds;” and, CUI&IIU~S the courtly 
historian, ‘I His Majesty by crossing the breeds, which 
methnd WCL~ never practiced before, haa improved them 
astonii3hingly.” About this same period the Dutch were 
as eager about pigeons as were the old Romana. The 
paramount importance of these considerations in ex- 
plaining the immense amount of variat,ion which pigeons 
have undergone, will likewise be obvious when we treat 
of Selection, We shall then, also, see how it is that-the 
several breeds so oft.en have a somewhat monstrous 
charac.ter. It is also a most favourable circumstance 
for the production of distinct breeds, that male and 
female pigeon3 can be easily mated for life ; and thus 
different breeds can be kept, together in the same 
aviary. 

I have discussed the probable ori$n of dnmestic 
pigeon3 at some, yet quite insufficient, length ; because 
when I first kept pigeons and watched the several 
kinds, well knowing how truly they breed, I felt fully 
aa much difficulty 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 Lht: many specie3 Of 
snches, or other groups of birds, in nature. One 
circumstance has struck me much; namely, that 
nearly all the breeders of the various domestic 
animals and the cultivators- of plants, with whom I 
have conversed, or whose treatises I have read, are 
firmly convinced that the several breeds to which each 
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has attended, are descended from so many aboriginally 
distinct species. Ask, as I have asked, a celebrated 
raiser of Hereford cattle, whether his cattle might not 
have descended from Long-horns, or both from a 
common parent-stock, and he will laugh you to scorn. 
I have never met a pigeon, or poultry, or duck, or 
rabbit fancier, who was not fully convinced that each 
main breed was descended from a distinct species. 
Van Mons, in his treatise on pears and apples, shows 
how utterly he disbelieves that the several sorts, for 
instance a Ribston-pippin or Codlin-apple, could ever 
have proceeded from the seeds of the same tree. In- 
numerable other examples could be given. The ex- 
planation, I t,hink, 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, yet they ignore all 
general arguments, and refuse to sum up in their 
minds slight differences accumulated during nmny 
successive generations. May not those naturalists 
who, knowing far less of the laws of inheritance t,han 
does the breeder, and knowing no more than he does of 
the intermediate links in the long lines of descent, yet 
admit t,hhat many of our domestic races are ile+scended 
from the same parents-may they not learn a lesson 
OF caution, when they deride the idea of species in D 
state of nature being lineal descendants of other 
tjyefk3 0 
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Principles of Selection anciently followed, ano! t7Wil 
Effbk 

Let us now briefly consider the steps by which 
domestic ractx have been produced, either from one or 
from several allied species. Some effect may be at- 
tributed to the dire& and definite action of llra 
external conditions of life, and some to habit; but he 
would be a bold man who would account by such 
agencies for the differences between a dray- and race- 
horse, a greyhound and bloodhound, a carrier and 
tumbler pigeon. One of the most remarkable features 
in our domesticated races is that we see in them 
adaptation, not indeed to the animal’s or plant’s own 
good, but to man’s use or fancy. Some variations 
useful to him have probably arisen suddenly, or by one 
step ; many botanists, for instance, believe that the 
fuller’s teasel, with its hooks, which cannot be rivallcd 
by any mechanical contrivance, is only a variety of the 
wiId Dipsacus; and this amount of change may have 
suddenly arisen in a seedling. So it has probably been 
with the turnspit dog ; and this is known to have been 
the case with the ancon sheep. But when we compare 
the dray-horse and race-home, the dromedary and 
camel, the various breeds of sheep fitted either for 
cultivated land or mountain pasture, with the wool of 
one breed good fur uric purpose, and that of another 
breed for another purpose; when we compare the 
many breeds of dogs, each good for man in dil&rent 
ways ; when we compare the game-cock, so pertinacious 
in battle, with other breeds so Little quarrelsome, with 
‘ everlasting layers ” which never desire to sit, and 
yith the bantam so small and elegant; when we 
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compare the host of agricultural, culinary, Orchard, 
and flower-garden races of plants, most useful to man 
at different seasons and for different pnrposcs: or so 
beautiful in his eyes, we must, I think, look further 
t,han to mere variabilily. Wt: CUlLtUt Sll~~~JJYt: LlliLL all 
t.he breeds were suddenly produced as pe.rfect and as 
Ireful ns wc now see thcrn ; indeed, in mnny ewes, me 
know that this has not been their history. The key is 
mfl.71’8 power of accumulative selection: nature gives 
successive variations ; man adds them up in certain 
directions useful to him. In this sense he may be said 
to have made for himself useful breeds. 

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 rcalise what they have done, it is almost 
necessary to read several of t,hc many treatises devot.cd 
to this subject, and to inspect the animals. Breeders 
habitually speak of an animal’s organisation as some- 
thing plastic, which they can model almost as they 
please. If I had space I conld quote numerous pas- 
sages to this effect from highly competent authorities. 
Yonntt, who was probably better acquainted with the 
works of agiculturists than almost any other indi- 
vidual, and who was himself a very good judge of 
animals, speaks of the principle of stJccLir,ll w ” Lhal 
which enables the agriculturist, not only t,o modify t,he 
oharaoter of his ffocir, but to change it altogether. It 
is the magician’s wand, by means of which he may 
summon into life whatever form and mould he 
pleases.” Lord Scmerville, speaking of what breeders 
have done for sheep, says t” It would seem as if they 
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had chalked out upon a wall a form perfect in itself, 
and. then had given it existence.” In Saxony the 
importance of the principle of selection in regard to 
merino sheep is so fully recogrised, that men follow it 
as a trade: the sheep are placed on a table and are 
studied, like a picture by a connoisseur; this is done 
three times at intervals of months,.and the sheep are 
each time marked and classed, so that the very best 
may ultimately be selcetcd for hrccding. 

What English breeders have actually effected is 
proved by the enormous prir.r?.s given for animala with 
a good pedigree ; and these have been exported to 
almost every quarter of the world. The improvement 
is by no means generally due to crossing different 
breeds ; all the best breeders are strongly opposed to 
this practice, except sometimes amongst closely allied 
sub-breeds. And when a cross has been made, the 
closest selection is far more indispensable even than in 
ordinary cases. If selection consisted merely in sepa- 
rating some very distinct variety, and breeding from it, 
the principla would be so obvious as hardly to be 
worth notice ; but its importance consists in the great 
effect produced by the accumulation in one direction, 
during successive generations, of difkrences absolutely 
inappreciable by an uneducated eye-differences which 
I for one have vainly attempted to appreciate. Not 
one man in a thousand has accuracy of eye and judg- 
merit sufficient, to become an eminent breeder. If 
gifkd wiLh Lhse qwtlities, and he studies his subject for 
years, and devotes his lifetime to it with indomitable 
pe.rscverance, he will succeed, and may make great 
improvements ; if he wants any of these qualities, he 
will assuredly fail. Few would readily believe in the 
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natural capacity and years of practice requisite to 
become even a skilful pigeon-fancier. 

The same principles arc followed by horticulturists ; 
but the variations are here often more abrupt. No one 
supposes thaw uur choicest productions have been pro- 
duced by a single variation from t,he aboriginal stock. 
We have proofs that thie has not been so in several 
cases in which exact records have been kept ; thus, to 
give a very trifling instance, the stearlily-i~lc.roasing size 
of the common gooseberry may be’ quoted. We see 
a~ astonishing improvement in many florists’ flowers, 
when tbe flowers of the present day are compared with 
drawings made only twenty or thirty years ago. When 
a race of plants is once pretty tie11 established, the 
seed-raisers do not pick out the best plants, but merely 
go over their seed-beds, and pull up the Cc rogues,” as 
they call the plants that deviate from the proper 
standard, With animals this kind of selection is, in 
fact, likewise followed ; for hardly any one is so care. 
less as to breed from his worst animals. 

In regard to plants, there is another means of ob- 
serving the accumulated effects of selection-namely, 
by comparing the diversity of flowers in the different 
varieties of the same species in the flower-garden ; the 
diversity of leaves, pods, or tubers, or whatever part is 
valued, in the kitchen-garden, in comparison with the 
~~O\VWJ of Ge EWU~: varieties ; and the diversity of fruit 
of the same species in the orchard, in comparison with 
~he leaves and flowers of the same set of varietius. 
see how merent. the leaves of the cabbage are, and 
how extremely alike the flowers ; how unlike the 
flowers of the heartsease are, and how alike the leaves; 
how much the fruit of the different kinds of goose. 
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berries differ in size, colour, shape, and hairiness, and 
yet the flowers present very slight diff’crences. It is 
not that the. varieties which differ largely in some one 
point do not difrer at all in other points; this is hardly 
cvor,~I speak nftcr careful observation,-perhaps 
never, the case. The law of correlated variation, the 
impartanrm of w1Gr.h shonld never be ol-erlookod, will 
ensure some differences ; but, M a general rule, it 
cannot be doubted that the continued selection of 
slight variations, either in the leaves, the flowers. or 
the fruit,, will produce races d&ring from each other 
chiefly in these c.haracters. 

It may be objected that the principle of selection has 
been reduced to methodical practice for scarcely more 
t.han three-quarters of a century ; it hns certainly becu 
more attended to of late years, and many treatises have 
been published on the subject ; and the result has bee]], 
in a corresponding cle.gee, rapid and important. But 
it is very far from t.rue that the principle is a modern 
discovery. I could give several references t,o Tvorks of 
high antiquity, in which the full importance of the 
principle is acknowledged. I.n rude and barbarous 
periods of English history choice animals were often 
imported, and laws were passed to prevent their ex- 
porlatiun : the destruction of horses under a, certain 
size was ordered, and this may be compared to the 
“ roguing ” of plants ljy nurscryincn. The princ;iple of 
sclcctiou I find distinctly g&n in an ancient Chinese 
encyc!opzdin. Explicit rules nre hid down by some 
of the Roman clikc~l writers. From p<assages in 
Genesis, it is clear that the colour of domestic animals 
was at that early period attended to. Savages now 
~metimes cross their dogs with wild canine animals, 
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to improve the breed, and they formerly did 80, as is 
attested by passages in Pliny. The savages in South 
Africa match their draught cattle by colour, as do some 
of the Esquimaux their teams of dogs. Livingstone 
&&es thaZ good domestic breeds are highly valued by 
the negroes in the interior of Africa who have not 
nssooiatcd with Europeans. SWIK of t,hhese facts do not 
show actual selection, but t’hey shorn that the breeding 
of domestic animals wag carefully attended to in 
ancient times, and is now attended to by t,he lowest 
savages. It would, indeed, have been a strange fact, 
had attention not been paid to breeding, for the in- 
heritance of good and bad qualit,ies is so obvious, 

Umonsciozis Xelation. 

At the present time, eminent breeders try by 
methodical selection, with a distinct ob*ject in view, to 
make a new strain or sub-breed, superior to anything of 
the kind in the oou~try. But, for our pu~puse, a form 
of Selection, which may be called Unconscious, and 
which results from evf3*y one trying to possess and 
breed from the best individual animals, is more 
important. Thus, a man who intends keeping pointers 
naturally tries to get as good dogs as he can, and 
afterwards breeds from his own best dogs, but he has no 
wish or expectation of permanently altering the breed. 
Nevertheless we may infer that this pmcess, contintied 
during ceuturieu, would improve and modify any breed, 
in the same way as Bakewell, Collins, stc., by t&s very 
same process, only carried on more methodically, did 
greatly modify, even during their lifetimes, the forms 
and qualit& of their cattle. Slow and insensible 

5 
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changes of this kind can never be recognised unless 
actual measurements or careful drawings of the brtreds 
in question have been made long ago, which may SC~YO 
for comparison. In some cases, however, unchanged, or 
but little changed individuals of the same breed exist in 
less civilised districts, where the breed has been 1~:s 
improved. There is reasm to believe that King 
Charles’s spaniel has been unconsciously modified to a 
large extent since the time of that monarch. Some 
highly competent authorities are convinced that the 
setter is directly derived from the spaniel, and has pro- 
bably been slowly altered from it. It is known that the 
English pointer has been greatly changed within the last 
c.entury, and in this case the change has, it is believed, 
been chiefly effected by crosses with the foxhound : but 
what concerns us is, that the change has been effected 
nnconsciously and gradually, and yet so effectually, 
that, though the old Spanish pointer certainly came 
From Spain, Mr. Borrow has not seen, as I am informed 
by him, any native dog in Spain like our pointer. 

By a similar process of selection, and by careful 
training, English racehorses have come to surpass in 
fleetness and size the parent Srabs, so that the latter, by 
the rcgnlations for the Goodwood Races, are favourcd 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 t,his country. By comparing the 
acoounLs given in various old treatises of the former and 
present state of carrier and tumbler pigeons in Britain, 
India, and Persia, we can t.raee the stages through 
which they have insensibly passed, and come to differ 
so greatly from the rock-pigeon. 
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Touatt gives an excellent illustration of the effects 
of a course of selection, which may be considered as 
unconscious, in so far that the breeders could never have 
expected, or even wished, to produce the result which 
ensued-namely, the production of two distinct strains. 
The two flocks of Leicester sheep kept by Mr. Buckley 
and Mr. Burgess, 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 al11 acquainted with 
the subject, that the owner of either of them hn~ 
deviated in any one instance from the pure blood of 
Mr. Bakewell’s flock, and yet the difference between the 
sheep possessed by t,hese two gentlemen is so great that 
they have the appearance of being quite diflerent 
variet,ies.” 

If there exist savages so barbarous as never to think of 
the inherited character of the offspring of their domestic 
animals, yet any one animal partic.ularly useful to them, 
for any special I)urpoBc, would be carefully preserved 
during famines and other accidents, to which savages 
are so liable, and such choice animals would thus 
generally leave more offspring than the inferior ones; 
so that in t,his case there would he a kind of 
unconscious selection going on. We see t.he value set 
on animals even by the barbarians of Tierra de1 l&ego, 
by their killin, 0 and devouring their old women, in 
time, of dcart,h, as of less value than their dogs. 

In plants the same gradual process of improvement, 
through the occasional preservation of the best i.ndi- 
viduals, whether or not suffmiently distinct to be 
ranked at their first appearance a~ distinct varieties, 
and whether or not tmo or more species or races have 
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become, blended together by crossing, may plainly be 
rccognisad in the increased size and beauty which 
we now see in the varieties of the heartsease, rose, 
pelargonium, dahlia, and other plants, when compared 
with the older varieties or with their parent-stockr 
No one would ever expect to get a first-rate heartsease 
or dahlia from the seed of a wild plant. No one woud 
expect to raise a first-rate melting pear from the seed of 
the wild pear, though he might succeed from a povr 
seedling growing wild, if it had come from a garden- 
stock. The pear though cultivated in classical times, 
appears, from Pliny’s description, to have been a fruit 
of very inferior quality. I have seen great surprise 
expressed in horticultural works at the wonderful skill 
of gardeners, in having produced such splendid results 
from such poor materials ; but the art has been simple, 
and, as far as the ‘tinal result is concerned, has been 
followed almost unconsciously. It has consisted in 
always cultivating the beat known variety, sowing its 
seeds, and, when a slight,ly better variety chanced LO 
appear, selecting it, and so onwards. But the gardeners 
of the olassicnl period, who cultivated the best pears 
which they could procure, never thought what splendid 
fruit we should eat ; t,hough we owe our excellent fruit 
in some small degee, to t,heir having naturally chosen 
and preserved the best varieties they could anywhere 
find. 

A large amount of change, thus slowly and un- 
consciously accumulated, explains, aa I believe, the 
well-known fact, that in a number of casea we cannot 
recognise, and therefore do not know, the wild parent- 
stocks of the plants which have been longest cultivated 
in our flower and kitchen gardens. If it has taken 



CHAP. I.1 UNCONSCIOUS SELECTION. 43 

centuries or thousands of years to improve or modify 
most of our plants up to their present standard of 
usefulness to man, we can understand how it is that 
neither Australia, the Cape of Good Hope, nor any other 
region inhabited by quite uncivilised man, has afforded 
us a single plant worth culture, It is not that these 
rmntrien, sn rir.h in npwies, do nnt by a strange chance 
possess the aboriginal stocks of any useful 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 stru,, nvle for their own food, at least 
during certain seasons. And in two countries very 
differently circumstanced, individuals of the same 
species, having slightly different constitut,ions or 
structure, would often succeed better in t,he one country 
than in the other; and thus by a process of “natural 
selection,” as will hereafter be more fully explained, 
two sub-breeds might be formed. This, perhaps, partly 
explains why the varieties kept by savages, as has been 
remarked by some authors, have more of the character 
of true speck than the varialies kuyt in timed 
countries. 

On the view here given of the important part which 
selection by man haz played, it becomes at once 
obvious, how it is that our domestic races ~hn~ 

adaptation in their structure or in their habits to man’s 
war&, or fancies. We can, I think, further understand 
the frequently abnormal character of our domestic races, 
and likewise their differences being so great in external 
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characters, and relatively so slight in internal parts or 
organs. M,an can hardly select, or only with much 
difficulty, any deviation of structure exce,pting such as. 
is externally visible ; and indeed he rarely cares for 
what is internal. Hc can never act by &election, 
excepting on variations which are first given to him in 
some slight degree by nat,nre. Ns man would over try 
to make a fantail till he saw a pigeon wit,h a tail 
developed in some slight degree in an unusual manner, 
or a pouter till he saw a pigeon with a crop of 
somewhat unusual size ; and the more abnormal or 
unusual any character was when it iirst appeared, the 
more likely it, would be to catch his attention. But to 
use such an expression as trying to make a fantail, is, I 
have no doubt, in most cases, utterly incorrect. The 
man who first selected a pigeon with a slightly larger 
tail, never dreamed what the descendants of that pigcon 
would become through long-continued, partly un- 
conscious and partly methodical, selection. Perhaps the 
parent-bird of all fantails had only fourteen tail-feathers 
somewhat expanded, like the present Java fantail, or 
like individuals of other and distinct breeds, in which 
as many as seventeen tail-feathers have been counted. 
Perhaps the first pouter-pigeon did not inflate its crop 
much more t,han the tm%iL now does the upper part of 
its cesophagus,-a habit which is disrqnrdcd by all 
fanciers, as it is not one of the points of the breed. 

Nor let it be thought that some great deviation of 
structure would be necessary to catch the fancier’s eye : 
he perceives extremely small differences, and it is in 
human nature to value any novelty, however slight, in 
one’s own possession. Nor must the value which would 
formerly have been set on any slight differences in the 
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individuals of the same species, be judged of by the 
value which is now set on them, after several breecls 
have fairly been established. It is known that with 
pigeons many slight variations now occasionally appear, 
buL Lheut: art: r~jjeold aa hulls ur tlaviaLiUns hur~l Lht: 
etandard of perfection in each breed. The common 
goose hm not given rise to any msrked varieties ; hence 
the Toulouse and the common breed, which difYer only 
in colour, that most fleeting of chtlracters, hove lately 
been exhibited as distinct at our poultry-shows. 

These views appear to explain what has sometimes 
been noticed-namely, that we know hardly anything 
about the origin or history of any of our domestic 
breeds. But, in fact, a breed, like a dialect of a 
language, can hardly be said to have a distinct origin. 
A man preserves and bleeds from an individual with 
some slight deviation of structure, or takes more care 
than. usual in matching his best animals, and thus 
improves them, and the improved animals slowly spread 
in the immediate neighbonrhood. But, they will as yet 
hardly have a distinct name, and from being only 
slightly valued, their history will have been disreKarcle,tl. 
When further improved by the same slow and gradual 
process, they will spread more widely, and will be 
recognised as something distinct and valuable, and will 
t,hen 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 
process. As so:m ns the I)Oiuts of vnluc arc once 

acknowlcdgcd, the principle, as I have called it, of 
unconscious sele&ion mill always tend,-perhaps more 
at one period than at another, as the breed rises or falls 
in fashion,-perhaps more in one district than in 
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another, according to the state of civilisation of the 
inhabitants,-slowly to add to the characteristic feature+? 
of the breed, whatever they may be. But the chants 
will be infinitely small of any record having been 
preserved of such &w, varying, and insensilllo 
changes. 

Chw.mstances favourable to Man’s Pow*er of Xelection. 

I will now any a few mords on the oirclzmstances, 
favourable, or the reverse, to man’s power of selection. 
A high degree of variability is obviously favoumhle, a8 
freely giving the materials for selection to work on ; 
not that mere individual differences are not amply 
suficient, with extreme care, to allow of the accumula- 
tion of a large amount of modification in almost any 
desired direction. But as variations manifestly useful 
or pleasing to man appear only occasionally, the chance 
of their appearance will be much increased by a large 
number of individuals being kept. Hence, number is 
of the highest impnrtance for success. On t.his principle 
Marshall formerly remarked, with respect to the sheep 
of parts of Yorkshire, ‘( as they generally helong to 
poor people, and are mostly in small lots, they never 
can be improved.” On the other hand, nurserymen, 
from keeping large stocks of the same plant,, are 
generally far more succcssf’ul t,han amateurs in raising 
IICW and valuable varieties. A large number of 
individuals of an animal or plant can be reared only 
where the conditions for its propagatiun are fkvourable. 
Wllen the individuals are scanty, all will be allowed to 
breed, whatever their quality may be, and this will 
effectually prevent selection. But probably the most 
important element is that the animal or plant should 
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be so highly valued by man, that the closest attention 
is paid to even the slightest deviations in its qualities 
or structure. Unless such attention be paid nothing 
can be effected. I have seen it gravely remarked, that 
it was most fortunate tlral the strawberry began to 
vary just when gardeners began to attend to this plant. 
No doubt the strawberry had always varied since it wita 
cultivated, but the slight varieties had been neglected 
AS soon, however, as gardeners pinked out individual 
plants with slightly larger, earlier, or better fruit, and 
raised seedlings from them, and again picked out the 
best seedlings and bred from them, then (with some aid 
by crossing distinct species) those many admirable 
varieties of the strawberry were raised which have 
appeared during the last half-century. 

With animals, facility in preventing crosses is an 
important element in the formation of new races,-at 
least, in a country which is already stocked with other 
races. In this respect enclosure of the land plays a 
part. Wandering savages or the inhabitants of open 
plains rarely possess more than one breed of the same 
species. Pigeons can be mated for life, and this is a 
great convenience to the fancier, for thus many races 
may be improved and kept true, though mingled in the 
same aviary ; and this circumstance must have largely 
favoured the formation of new breeds. Pigeons, I may 
add, can be propagated in great numbers and at a very 
quick rate, and inferior birds may be freely rejected, as 
when killed they serve for food. On the other haud, 
cats, from their nocturnal rambling habits, cannot be 
easily matched, and, although so much valued by 
women and children, we rarely see a distinct breed 
long kept up ; such breeds as we do sometimes see are 
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almost always imported from some other country. 
Although I do not doubt that some domestic animals 
vary less than others, yet the rarity or absence of 
distinct breeds of the cat, t.he donkey, peacock, goose, 
AC., may be attributed in main part tu seleotivu xwt 

having been brought into play : in cats, from the 
difficulty in pairing them j in donkeys, from only 5 few 
being kept by poor people, and little attention paid m 
their breeding ; for recently in certain parts of Spain 
and of the United States this animal has been 
surprisingly modified and improved by careful selection : 
in peacocks, from not being very easily reared and a 

large stock not kept: in gecsc, from being valuable 
only for two purposes, food aid feathers, and more 
espc’cinlly from no pleasure having been felt in t,he 
display of distinct breeds ; but the goose, under the 
conditions to which it is exposed when domesticated, 
seems t.0 have a singularly inflexible organisation, 
though it has varied to a slight extent, as I have else- 
where described. 

Some authors have maintained that the amount of 
variation in our domestic product,ions is soon reached, 
and can never afterwards be exceeded. It would be 
somewhat rash to assert that tho limit has been attsiued 
in any one c.ase ; for almost all our animals and p1nnt.s 
have been greatly improved in many ways wkllin a 
recent period ; and t.his implies variation. IL \VUUld h 
equally rash to assert that clrnractcrs now increased to 
their utmost limit, could not, after remaining fixed fc,r 
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. F0r 
instance, there must be a limit to the fleetness of any 
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terrestrial animal, as this will be determined by t,he 
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 
varieties of Lht: same species differ from each other in 
almost every character, which man has attended to and 
selected, more than do tho dietinot species of the FXLIIX 
genera. Isidore GeoEoy St. Ililaire 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 
fi~r fleeter, and a dray-hors 9 is incomparably stronger 
than any two natural species belonging to the same 
genus. So with plants, the seeds of the diO’ercnt 
varieties of the bean or maize probably differ more in 
size, than do the seeds of the distinct species in any one 
genus in the same two families. The same remark 
holds good in rcgnd to the fruit of the several varieties 
of the plum, and still more strongly with the melon, as 
well a8 in many other analogous cases. 

To sum up on the origin of our domest.ic races of 
animals and plants. Changed conditions of life are of 
the highest importance in causing variability, both by 
acting directly on the orgnnisation, and indirccfly by 
ntfecting the reproductive system. It is not probable 
that variability is an inherent and necessary contingent, 
under all eironmslanceu. The greater or less force of 
inheritance and reversion determine whether variations 
shall en(lur0. Varishility is govcmcd by many unknown 
laws, of which correlated growth is probably the most 
important. Somethirqg, but how much we do not 
know, may be attributed to the definite action of the 
conditions of life. Some, perhaps a great, eflect may 
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be attributed to the increased use or disuse of parts. 
The final result is thus rendered infinitely complex, 
Jn some cases the intercrossing of aboriginally distinct 
species appears to have played an important part in 
the origin of our breeds. When several breeds have 
once bee; formed in any country, thoir occasional 
intercrossing, with the aid of selection, has, no doubt, 

largely aided in the formation of new sub-breeds ; but 
t*he importance of crossing has been much exaggerated, 

both in regard to animals and to those plants which 
are propagated by seed. With plants which are 
temporarily propagated by cuttings, buds, &c., the 
importance of crossing is immense ; for the cultivator 
may here disregard the extreme varinbihty both of 
hybrids and of mongrels, arid the sterility of hybrids ; 
but plants not propagated by seed are of little import- 
ance to us, for t,heir endurance is only temporary. 
Over all these causes of Change, the accumulative 
action of Selection, whether applied methodically anti 
quickly, or unconsciously and slowly but moro 

etticiently seems to have been the predominant Power, 
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CHdPl’ER II. 

VARIATION USDER NATURE. 

Variability-Individual differences-Donbtful species-Wide rang- 
ing, much diffused, rind common species, vary most-Species cbl 
the larger genera in orrch country vnry mcsc frequently than 
the speciea of the smaller genera-Many of the speciee of the 
larger genera resemble varieties in being very closely, but un- 
equally, related to each other, and in having restricted ranges. 

BEFORE applyin ,g the principles arrived at in the last 
chapter to organic beings in a state of nature, we must 
briefly discuss whether these latter are sulziect to any 
variation. To treat this subject properly, a long 
catalogrre of dry facts ought to be given ; but these 
I shall reserve for a future work. Nor shall I here 
discuss the various definitions which have been given 
of the term species. No one definition has satisfied al1 
naturalists ; yet every naturalist knows vaguely what 
he means when he speaks of R species. Genemlly the 

term includes the unknown element of a distinct act of 
creation. The term “variety ” is almost equally 
dificult to define; but here community of descent 
is almost universally implied, t&mgh it can rarely be 
prored. We have also what are called monstrosities ; 
but they graduate into varieties By a monstrosity I 
presume is meant some considerable deviation of 
structure, gen‘erally injurious, or not useful to the 
species. Some authors use the term “ variation” in a 
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technical sense, as implying a modification directly due 
to the physical conditions of life ; and “ variations ” in 
this sense are supposed not to be inherited ; but who 
can say that the dwarfed condition of shells in the 
brackish waters of the Baltic, or dwarfed plants on 
Alpine summits, or the thicker fur of an animal from 
far northwards, would not in some cases be inherited 
for at least a few generations? and in this case I 
presume that the form would be &led a vuriely. 

It may be doubted whether sudden and considerable 
dwiatinns of structure such as we occasionaE:y see in 
our domestic productions, more especially tiith plants, 
are ever permanently propa,gated in a state of nature. 
Almost every part of every organic being is so beauti- 
fully related to its complex conditions of life that it 
seems as improbable that any part should have been 
suddenly produced perfect, as that a complex machine 
should have been invented by man in a perfect state. 
Under domestication monstrosities sometimes occur 
which rcscmble normal structures in widely &lTerent 
animals. Thus pigs have occasionally been born 
with a sort nf proboscis, and if any wild specioa of the 
same genus had naturally possessed a proboscis, it 
might have been argued that this had appeared as a 
monstrosity ; hut I have as yet failed to find, after 
diligent search, cases of monstrosities rcscmbling 
nomal structures in nearly allied forms, and these 
alone bear on the question. If monstrous forms of 
this kind ever do appear in a state of nature and are 
cnpahle of reproduction (which is not always the case), 
as they occur rarely and singly, their preservation 
would depend on. unusually favourable circumstancea 
They would, also, durin g the first and succeeding 
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generations cross with the ordinary form, and thus their 
abnormal character would almost ineTritably be lost. 
But I shall have to return in a future chapter to the 
preservation and perpetuation of single or occasional 
variations. 

Inr~~i~idzral Diflkcnces. 

The many slight differences which appear in t,he 
offspring from the same parents, or which it may be 
presumed have thus arisen, from being observed in t;he 
individuals of the same spec.ies inhabiting the same 
confined locality, may be called individual differences. 
h’o one supposes that all the individuals of the same 
species are cast in the same actual mould. These 
individual differences are of the highest importance for 
us, for they are often inhe.rited, as must be familiar to 
every one ; and they thus afford materials for natural 
selection to act on and accumulaie, in the same manner 
as man accumulntcs in any given direction iudividunl 
differences in his domesticated productions. These 
individual differences generally affect what naturalists 
consider unimportant parts ; but I could show by a 
long catalogue of facts, that parts which must be 
called important, whether viewed under a physiological 
or classificatory point of view, sometimes vary in the 
individuals of the same species. I am convinced that 
t,he most cxpcricnccd naturalist would be surprised at 
the number of the cases of variability, even in im- 
pnrt,n.nt parts of structure, which he could col1ec.t on 
good authority, as I have collected, during a course of 
years. It should be remembered that systematists 
are far from being pleltscd at finding variabilit,y in 
imporbant characters, and that there are not many 
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men who will laboriously examine internal and 
important organs, and compare them in many specimens 
of the same species. It would never have been ex-. 
pected that the branching of the main nerves close ti 
the great central ganglion of an insect would have been 
variable in the same species ; if might have been 
thought that changes of this nature could have been 
effected only by slow degrees; yet Sir J. Lubbock has 
shown a degree of variability in these main nerves in 
Coccus, which may almost be compared to the irregular 
branching of the stem of a tree. This philusuyhi~l 
naturalist, I may add, has also shown that the muscles 
in the larva3 UP certain insects are far from uniform, 
Authors sometimes argue in a circle when bhey state 
that important orgnns never vary; for these same 
authors practically rank those parts as important, (as 
some few naturalists have honestly confessed) which do 
not vary ; and, under this point of view, no instance 
will ever be found of an important part varying; but 
under any other point of view many instances assuredly 
can be given. 

There is one point connected with individual 
differences, which is extremely perplexing: I refer to 
those genera which have been called ri protean ” or 
‘( polymorphic,” in which the species present an 
inordinate amount of variation. With respect to many 
of these forms, hardly two naturalist8 agree whether to 
rauk them as species or as variialies. We may instance 
Rubs, Rosa, and Hieracium amongst plants, several 
genera of iwects and of Erachiopod shells. In most 
polymorphic genera some of the species have fixed and 
definite characters. Genera which are polymorphio 
in one country seem to be, with a few exceptions, 
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polymorphic in other countries, and likewise, judging 
from Braohiopod 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 to suspect that we 
see, at least in some of these polymorphic genera. 
variations which are of no service or disservice to the 
species, and which consequently have not been seized 
on and rendered definite by natural selection, as 
hereafter to be explained. 

ImIividu& of the same species often present, as is 
known to every one, great differences of structure, 
indcpendent~ly of variation, u in the two sexes of 
various animals, in the two or three castes of sterile 
females or workers among& insects, sud in the 

immature and larval states of many of the lower 
animals. There are, also, cases of dimorphism and 
trimorphism, both with animals and plants. Thus, 
Mr. Wallace, who has lately called attention to the 
sub,jcct, 11~ shown that the fern&s of certain species 
of butterflies, in the Ullaynn archipelago, regula.rly 
appear under two or even three conspicuously distinct 
forms, not connected by intermediate varieties. Fritz 
Miiller has described analogous but more extraordinary 
cases with the males of’ certain Brazilian Crustaceans : 
thus, the male of a Tanais regularly occurs under two 
tlistinct forms ; one of these has strong and differently 
allapoLl pincers, and the other bss antennae much more 
abundantly furnished with smelling-hairs, Although 
in most of these oases, the twu or three forms, both 
with animals and plants, are not now connect,ed by 
intermediate gradations, it is probable that they were, 
once thus connected Mr. Wallace, for instance, 

6 
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describes a certain buttetiy which presents in the 
same island a great range of varieties connected by 
intermediate links, and the ext.reme links of the chain 
closely resemble t,he two forms of an allied dimorphic 
species inhabiting another part of the Malay archipelago: 
Thus also with ants, the several worker-castes are 
generally quite distinct ; but in some cases, as we 
shall hereafter see, the castes are connected together by 
finely graduated varieties. So it is, as I have myself 
observed, with some dimorphic plants. It certainly at 
first appears a highly remarkable fact that the same 
female butterfly should have the power of producing at 
Llx sdiue time three distinct fwnale forms and a male j 
and that an hermaphrodite plant should produce from 
the aamc seed oapsulc thrco dist.inct hcrmaphroditc 
forms, bearing three different kinds of females and 
three or even six diirerent kinds of males. Never- 
theless these cases are only exaggerations of the 
common fact that the female produces offspring of 
two sexes which sometimes differ from each other in a 
wonderful manner. 

Doubtful speck. 

The forms which possess in some considerable degree 
the character of species, but which are so closely similar 
to other forms, or are so closely linked to them by 
intermediate gradations, that naturalists do not like to 
rank them a8 distinct species, are in several respects the 
mmt important for us. We have every reason to 
believe that luany or Lhese doubLCul ad duaely trllid 
forms have permanently retained their characters for a 
long time ; for as long, as far as we know, as have good 
a11d true spccica Practically, when a naturalist can 
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unite by means of intermediate links any two forms, 
he treats the one as a variety of the other ; ranking the 
most common, but sometimes the one first described, as 
the species, and the other as the variety. But cases of 
great difficulty, which I will not here enumerate, 
sometimes arise in deciding whether or not to rank 
one form as a variety of another, even when they are 
closely connected by intermediate links ; nor will the 
commonly-assumed hybrid nature of the intermediate 
forms always remove the difliculty. In very many cases, 
however, one form is ranked as a variety of another, not 
because the intermediate links have actually been 
found, but because analogy lezads t.he observer to 
suppose either that they do now somewhere exist, or 
may formerly have existed ; and hcrc a wide door for 
the entry of doubt and conjecture is opened. 

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

That varieties of this doubtful nature are far from 
uncommon cannot be disputed. Compare the several 
floras of Great Britain, of France, or of the United 
St&es, drawn up by different botanists, and see what a 
surprising number of forms have been ranked by one 
botanist as good species, and by another as mere 
varieties. Mr. H. C. Watson, to whom I lie under 
deep obligation for assistance of all kinds, has marked 
for me 182 Brit,isE plants, which are generally con- 
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sidercd as varieties, but which have all beeu ranked by 
botanists a.s species; and in makiug this list he has 
omitted many trifling varieties. but which nevertheless 
have been ranked by some botanists as species, and he 
has entirely omitted several highly polymorphic genera 
Under genera, including the most polymorphic forms, 
Mr. Babington gives 251 species, whereas Mr. Rentham 
gives only 112,- a diKcrence of 139 doubtful forms ! 
Amongst animals which unite for each birth, and which 
arc highly locomotive, doubtful forms, ranked by one 
zoologist as a species and by anot,ller as a variety, can 
rarely be found within the same country, but are 
common in separated areas. Row many of t,he bids 
and insects in Sorth America and Europe, which differ 
very slightly from each other, have been ranked by 
one eminent naturalist as undoubted species, and by 
another as varieties, or, as they are often called, 
geographical races. 1 1Mr. Wallace, in several valuable 
papers on the various animals, especially on the 
Lepidoptera, inhabiting the islands of the great 
Malayan archipelago, shows that they ma.y be classed 
under four heads, namely, as variable forms, aa local 
forms, as geographical races or sub-species, and as t,rue 
representative species. The first or variable forms vary 
much within the limits of the same island. The local 
forms are motlerately constant and distinct in each 
separate island; but when all from the several islands 
are compared togeLher, the diirerences are seen to be so 
slight and graduated, that it is impossible to define or 
describe them, though at the same time the. extreme 
forms are sufikiently distinct. The geographical races 
or sub-species are local forms completely fixed and 
isolated ; but as they do not differ from each other by 
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strongly marked and important characters, I( there is no 
possible test but individual opinion to determine which 
of thorn shall be considered IW species and which as 
varieties.” Lastly, representative species fill the same 
place in the natural economy of each island as do t,he 
local forms and sub-species; but as they are dis- 
tinguished from each other by a greater amount of 
difference than that bctwee.n t.he local forms and 
sub-species, they are almost universally ranked by 
naturalists as true species. Fevertlieless, no certain 
crilclion can possibly be given by vr-hich variable foi-ms, 

local forms, sub-species, and representative species can 
bo rccogniscd. 

Many years ago, when comparing, and see.@ others 
compare, the birds from the clnsely neighbowing islands 

of the Galapagos archipela,go, one with another, and 
with those from the American mainland, I was much 
struck how entirely vague and arbitrary is the dis- 
tinction between species and varieties. On the islets 
of the little Madeira group there are many insects 
which are characterised as varieties in Mr. Wollaston’s 
admirable work;but which would certainly be ranked 
as distinct species by many entomologist,s. Even 
lreland has a few animals, now generally regarded as 
varieties, but which have been ranked as species by 
same zoologists. Several experienced ornithologists 
consider our British red grouse as only a strongly- 
marked race of a h’orwegian species, wherens the 
great,er number rank it a9 an undoubted species 
peculiar to Great Critnin. A wide distanoe between 
the homes of two doubtful forms leads many naturalists 
to raalk them as distinct species; but what distance; it 
has been well asked, will ~uifice ; if that between 
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America and Europe is ample, will that, between Europe 
and the Azores, or Madeira, or the Canaries, or between 
the several islets of these small archipelagos,be sufficient ? 

Mr. B. D. Walsh, a distinguished *entomologist of the 
IJuited States, has described what he calls Phytophagic 
varieties and Phytophagic species. Most vegetable- 
feeding insects live on one kind of plant or on one 
group of plants; some feed indiscriminately on many 
kinds, but do not in consequence vary. IU several 
cases, however, insects found living on different plants, 
hn=vo been observed by Mr. W&h to prcscnt in their 
larval or mature state, or in both states, slight, 
tltrmgh cnnstnnt rliffwmres in cnlnw, size, or in the 

nature of their secretions. In some instances tbe 
males alone, in other instances both males and 
females, have been observed thus to differ in a slight 
degree. When the differences are rather more strongly 
marked, and when both sexes and all ages are al&ted, 
the forms are ranked by all entomologists as good 
species. But no observer can determine for another, 
even if he can do SO for himself, which of these 
Phytophagic forms ought to be called species and 
which varieties. Mr. Walsh ranks the forms which it 
IIIUY 111: suypusucl would freely intercross, as varieties; 
and those which appear to lrnve lost this power, as 
ape&a. ns the diG.re.nccs dqx& on the imeaLY 

having long fed on distinct plants, it. cannot be 
expected that intermediate links connecting the ecvcrnl 

forms should now be found. The naturalist thus loses 
his best &wide in determining whether t,n m.nk doubtful 
forms as varieties or species. This likewise necessarily 
occurs with closely allied organisms, wllich inhabit 
distinct continents or islands. When, on the other 
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hand, an animal or plant ranges over the same 
continent, or inhabits many islands in the same 
archipelago, and presents differe.nt forms in the different 
areas, there is always a good chance that intermediate 
forms will he discovered which will link together the 
extreme states ; and these are then degraded to the 
rank of varieties. 

Some few naturalists maintain that animals never 
present varieliw ; but then these same naturalists rank 
the Aightest difference as of specific value; and when 
the same identical form is mot with in two distant 
countries. or in two geological formations, they believe 
that two tlietirlct species are hidden under the same 
dress. The term species thus comes to be a mere 
useless abstraction, implying and assuming a separate 
act of creation. It is certain that many forms, 
considered bp highly-competent judges to be varieties, 
resemble species so completely in character, that they 
have been tlius ranked by other highly-competent 
jndges. But to discuss whether they ought to be called 
species or varieties, before any definition of these terms 
has been generally accepted, is vainly to beat the air. 

Many of the cases of strongly-marked varieties or 
doubtful species well deserve consideration ; for WV orit 
interesting lines of argument, from geographical dis- 
t;ribuLion, analugical variation, hybridism, $c., have 
been brought to bear in the attempt to determine their 
rank; but S~UX does not bore permit me to discuss 
them. Close investigation, in many cases, will no 
doubt bring naturalish to qme how to rank doubtful 
furms. Yet it must be cunlessed that it is in the best 
known countries that we find the greatest number of 
them. I have been struck with t,he fact, that if any 
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animal or plant, in a state of nature be highly useful to 
man, or from any cause closely attracts his jttention, 
varieties of it milI almost universally be found recorded 
These varieties, moreover, will often be ranked by some 
authors as species. Look at the common oak, how 
closely it hw been studied ; yet a German author 
makes UKKV than a dozen species out of forms, which 
itre almost nniversally considered by other botanists to 
be w&ties ; and in this country the highest botanical 
authorities and practical men can be quoted to show 
that the sessile and pcduncnlated oaks are either good 
and distinct species or mere varieties. 

1 may here allnde to a remnTknblc memoir lately 
published by A. de Cnnrlollc, on the oaks of the whole 
world. No one ever had more n.mple mnterisls for the 
discrimination of the species, or could have worked on 
them with more zeal and sagacity. IIe first gives in 
t&ail all the many points of structure which vary in 
the several species, and estimates numericalIy 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 age 
or development, sometimes without any assignable 
reitsoL1. Such characters are not of COUTSC of specific 
value, but they are, as Bsa Gray has remarked in 
commenting on this Inemoir, such as generally enter 
into specific definitions. I>e Candolle then goes on to 
sky that he gives the rank of species lo the forms that 
difrer by characters never varying on the same tree, and 
never found connected by intermodiatc states. After 
tllis discussion, the result of so much labour, he 
emphatically remarks : “ They are mistaken, who 
repeat that tlte greater part of our species are clearly 
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limited, and that the doubtful species are in a feeble 
minrlrity. This seemed to be true, so long as a genus 
was imperfectly known, and its species were founded 
upon a few specimens, that is to say, were provisional. 
Just as we come to know them better, intermediate 
forms flow in, and doubts as to specific limits augment.” 
7Ie also adds Ehnt jt is the best known species which 
present the gre:itest number of spontancom3 varieties 
rtnd srtb-varieties. Tllus & ILkXtillS llJ1Jlll' h:lS ~WtXlt,~- 

eight varieties, all of which, excepting six, are clustered 
round three sub spccics, namely, Q. pcdunculatn, 
sessiliflora, and pubesccns. The forms which connect 
theso t.hrcc s&-species Rre comparatively rare; and, as 
Asa Gray again remarks, if these connecting forms 
which are now rare, were to become wholly extinct, the 
three sub-species would hold exactly the same relation 
to each other, as do the four or five provisionally 
admitted species which closely surround ihe typical 
C$ucrcus robur. Finally, De Candolle admits that out 
of the 300 species, which will he enumerated in his 
Prodromus as belonging to the onk family, at least two- 
thirds are provisional species, that is, are not known 
strictly to fulU the definition above given of a true 
spccics. It should be added that De Candolle no 
longer believes thst species are immutable creations, 
but coucludes thal L11e JedvsrLive kury iu Lhe most 
natural one, “and the most accordant with the known 
f:bets in pkmtology, gxgmphioal botany and zoology, 
of anatomical structure and classification.” 

When 2. ymng nrkmxlist conlxnenceS the study of a 
group of organisms quite unknown to him, he is at first 
much perplexed in determining what diKereuces to 
consider as specific, and what as varietal ; for he knows 
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nothing of the amount and kind of variation to which 
the group is subject ; and this shows, at least, how very 
generally there is some variation. But if he confine 
his attention to one class within one count.ry, he will 
soon make up his mind how to rank most of the 
doubtful forms. His general tendency will be to make 
IWLII~ species, for he will become impressed, just l&e 
the pigeon or poultry fancier before alluded to, with 
the amount of differewa in the forms which he is 
continually studying ; and he has little general know- 
ledge of a.naIogical variation in other groups and in other 
countries, by which to correct his first impressions. 
~1s he extentle the range of his observations, he will 
meet with more cases of difficulty ; for he will encounter 
a greater number of closely-allied forms. Rut if his 
observations be widely extended, he will in the end 
gz!enemlly be able to make up his own mind : but he 
will succeed in this at the expense of admitting much 
variation,-and the truth of this admission will often 
bo disputed by other naturalists. When he comes bo 
study allied forms brought from countries not now 
continuous, in which case he cannot hope to find 
intermediate links, he will be c.ompelIed to trust 
almost entirely lu analogy, and his difficulties will rise 
to a climax. 

Certu.inly no clear line of d~mwrcuiiuu haa as yet; 
been drawn between species and sub-species-that is, 
the forms which in the opinion of some naturalists 
come very near to, but do not quite arrive at, the rank 
of species : or, repin, between snb-species and well- 
marked varieties, or between lesser varieties and 
individual dif&rences, These differences blend into 
each other by an insensible series ; and a series 
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impresses the mind with the idea of an actual 
passage. 

Hence I look at individual differences, though of 
small interest to the systematist, as of the highest 
importance for us, as being the first steps towards such 
slight varieties as are barely thought worth recording 
in works on natural history. And I look at varieties 
wllieh are in any degree more distinct and permanent, 
a.8 steps towards more strongly-marked and permanent 
~&ties ; and at the latter, as leading to sub-species, 
and then bo species. The passage from one &age of 

difference to another may, in many cases, be the simple 
I-esult of the nature of he organism and of the different 
physical c.onditions to which it has long been exposed ; 
but with rcspeot to the more important and adaptive 

characters, the passage from one stage of difference to 
another, may be safe.ly attributed to the cumulative 
action of natural selection, hercaftcr to be explained, 
and to the effects of the increased use or disuseof parts. 
A well-marked variety may therefore be called an 
incipient species ; but whether this belief is justifiable 
must be judged by the weight of the various facts and 
considerations to be given throughout, this work. 

It need not be supposed that all varieties or incipient 
species attain the rank of species. They may become 
extinct, or they may endure as varieties for very long 
Ileriods, as has been shown to be the case by Mr. 
\\‘oIlaston with H.lte varieties of certain fossil land-shelle 
ir? Madeira, and with plants by Gaston de Saporta. If 
a variety were to A ouri& so as to exceed in numbers 

the parent. species, it would then rank as the species, 
and the species as t,he variety; or it might come to 
supplant and exterminate t,he parent species ; or.both 
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might co-exist, and both rank a9 independent species. 
But we sl~all hereafter return to this subject. 

From these remarks it will be seen that I look at the 
term species as one arbitrarily given, for the sahe of 
convenience, to a set of individuals closely resembling 
each other, and that it does not essentially differ from 
the term variety, which is given to less distinct a.nd 
more fluctuating forms. The term variety, aga.in, in 
comparison with mere individual differences, is @so 
applied arbitrarily, for convenience’ sake. 

Guided by theoretical considcmtions, 1 tllought tlurt 
some interesting results might be obt:rined in regard to 
the nature and relations of the species which vary 
most, by tabulating all the varieties in several weli- 
worked floras. At first this seemed a simple task ; but 
Mr. H. C. Watson, to whom I am much indebted for 
valuable advice and assistance on this subject, soon 
convinced me that there were many difficulties, as did 
subsequently Dr. Hooker, even in stronger terms. I 
shall reserve for a future work t,llc discussion of these 
difficulties, and the ti~bles of the proportional numbers 
of the varying species. Dr. Hooker perm:ts me to add 
that after having carefully read my manuscript, and 
examined the tal&s, 1~ Lhinks that the following state- 
me& are fairly well established. The whole subject, 
howc~cr, trcatcd as it necessarily here is wiih nnwh 
brevity, ia rather perplexing, and allusions cannot be 
avoided to the “ struggle for existence,” ” divergence of 
character,” and other questions, hereafter to be discussed. 
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Alphonse de Candolle and others lrave shown that 
plants which have very wide ranges generally present 
varieties ; and this might have been expected, as they 
are exposed to diverse physical conditions, and as they 
came into competition (which, as we shall hereafter 
see, is an equally or more important circumstance) 
with diffcrcnt sets of organic beings. But my tables 
further show that, in any limited country, the species 
which are the most common, that is abound most in 
individm&, and the species which are most widely 
diffused within their own country (anci this is a 
different consideration from wide range, and to a certain 
a.xle~:nL hum cummonucss), oftenest give rise to varictics 
sufficiently well-marked to have been recorded in 
botanical works. Hence it is the most flourishing, or, 
as they may be called, the dominant species,-those 
which range widely, are the most diffused in their own 
country, and are the most numerous in individuals,- 
which oftenest produce well-marked varieties, or, as I 
consider them, incipient species. And this, perhp, 
might have been anticipated; for, as varieties, in order 
to become in any degree permanent, necessarily have to 
struggle with the other inhabitants of t,he country, the 
species which are already dominant will be the most 
likely to yield offspring, which, though in some slight 
degree modified, still inherit those advantages that 
enabled their parents to become dominant over their 
compatriots. In these remarks on yre&mrinanco, it 
should be understood that reference is made only to the 
forlns which come into competition with each other, 
and more especially to the members of the same genus 
or class having nea.rly similar habits of life. With 
respect to the number of individuals or commonness of 
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species, the comparison of course relates only to the 
members of the same group. One of the higher plants 
may be said to be dominant if it be more numerous in 
individuals and more widely diffused than the other 
plants of the same cowltry, which live under nearly 
the same conditions. A plant of this kind is not the 
less dominant because some conferva inhahiting the 
water or some parasitic fungus is infinitely more 
numerous in individuals, and more widely diffused. 
But if the conferva or parasitic fungus exceeds its allies 
in the above respects, it will then he dominant within 
its own class. 

Species of the Larger G’enera in each Countm~ ‘2;ary 9110~4 

frepuently than the Species of the Smaller Genoa. 

If the plants inhabiting a country, as described in 
any Flora, be divided into two equal masses, all those 
in the larger genera (i.e., those including many species) 
being placed on one side, and all those in the. mmllcr 
genera on the other side, the former will he found to 
include a somewhat larger number of the very common 
and much diffused or dominant species, This might 
have been anticipated ; for the mere fact of many 
species of the sanle genus inhabiting any country, 
shows that there is some.thing in the organic or 
inorganic conditions of that country favourahle to the 
genus; and, consequently, we might have expected to 
have found in the larger genera, or those including 
many species, a larger proport,ional number of dominant 
species. But so many causes tend to obscure this 
result. that I am surprised t,hat my tables show even a 
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small majority on the side of the larger genera. I will 
here allude to only two causes of obscurity. Fresh- 
water and salt-loving plants generally have very wide 
ranges and are much diffused, but this seems to be 
connected with the nature of the stations inhabited by 
them, and has Iittle or no relation to the size of the 
genera to which the spe.cics belong. Again, plants low 
in the scale of organisation are generally much more 
widely diffused than plants higher in the scale; and 
here again there is no close relation to the size of the 
gT.nera. The cause UT lowly-organised plants ranging 
widely will be discussed in our chapter on Geographical 
1 Xstribution. 

From looking at species as only strongly-marked and 
well-defined varieties, I was led to anticipate that the 
species of the larger genera in each country would 
oftener present varieties, than the species of the smaller 
genera ; for wherever many closely related species (Le., 
species of the same genus) have bee.n formed, many 
varieties or incipient species ought, as a general rule, to 
be now forming. Where many large trees grow, we 
expect to find saplings. Where many species of a 
genus have been formed through variation, circum- 
stances have been favourable for variation ; and hence 
we might expect that the circumstances would generally 
be still favourable to variation. Un the other hand, if 
we look at each species as a special act of creation, 
there is no apparent remon why more varieties should 
occur in a group having many species, than in one 
having few. 

To test the truth of this anticipation I have arranged 
the plants of twelve countries, and the coleopterous 
insects of two districts, int,o two nearly equal masses, 
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the species of the larger genera on one side, and those 
of the. smaller genera on the other side, and it has 
invariably proved to he the case that a larger pro. 
portion of the species on the side of the larger genera 
presented varieties, than on the side of the smaller 
genera. Moreover, the species of the large genera 
which present any varieties, invariably present a larger 
average number of varieties than do the species :of the 
small genera. Both these results follow when another 
division is made, and when all the least genera, with 
from dy one to four species, are altogether excluded 
from the tables. These facts are of plain signification 
on the. view that species are only strongly-marked and 
permanent varieties ; for whcrevcr many species of the 
same genus have been formed, or whcrc, if we may use 
the expression, the manufactory of species has been 
active, we ought generally to find the manufactory still 
in action, more especially as we have every reason to 
believe the process of manufacturing new species to be 
a slow one. And this certainly holds true, if varieties 
be looked at as incipient species ; for my t,ables clearly 
show as a general rule that, wherever many species of a 
genus have been formed, t,he species of t’hat genus 
present a number of varieties, that is of incipient 
species, beyond the average. It is not that all large 
genera are now varying much, and are thus increasing 
in the number of their species, or that no small genera 
are now varying and increasing; for if this had been 
50, it would have been fatal to my theory; inasmuch 
M gcolo,~ plainly tells US that small. genera have in 
the lapse of time often increased greatly in size ; and 
that large genera have often come to their maxima, 
decline, and disappeared. All that we want to show 
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is, that, where many species of a genus have been 
formed, on an average many are still forming ; and this 
certainly holds good. 

df any of the Spmk included within the La.rge-r Genera 
resemble Parielks in being very closely, but unequally, 
related to each otJLer, and in JLaving restricted mlzges. 

There are other relations between the species of 
large genera and their recorded varieties which deserve 
notice. ?Ve have seen that there is no infallible 
criterion by which to distinguish species and well- 
masked varieties; and when intermediate links have 
not been found between doubtful forms, naturalists are 
compelled to come to a determination by the amount 
of difference between them, judging by analogy 
whether or not the amount s&ices to raise one or 
both to the rank of species. Hence the amount of 
difference is one very important criterion in settling 
whether two forms ahouid be rauked as species or 
varictics. Now Fries llaa remarked in regard to 
plants, and Westwood in regard to insects, that in 
l:tt-g:e genera tile amount of diffcrcncc between the 
species is often exceedingly small. I have endeavoured 
to test this numerically hy averages, and, as far a~ 
my imperfect results go, t.hey confirm the view. I 
have also consulted some sagac.ious and experienced 
observers, and, after deliberation, they concur in this 
view. In this respect, therefore, the species of the 
larger genera resemble varieties, more than do the 
species of the smaller genera. Or the case may be put 
in another way, and it may be said, that in the larger 
genera, in which a number of varieties or incipient 
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species greater than the average are now manu- 
facturing, many of the species already manufactured 
still to a certain extent resemble varieties, for they 
differ from each other by less than the usual amount of 
difference. 

;\loreover, the species nf the larger genera are 
related to each other, in the same manner as the 
varieties of any one species are related to each other. 
No naturalist pretends that all the species of a PIN 
are equally distinct from each other ; they may 
~enernlly be divided into sub-genera, or sections, or 
lesser groups. As Fries has well remarked, little 
groups of. species are generally clustered like satellites 
around other species. And what are varieties hut 
groups of forms, unequally related to each other, and 
clustered round certain forms-that is, round their 
parent-species. Undoubtedly there is one most im- 
portant point of difference between varieties and 
species ; namely, that the amount of ditl’erence between 
varieties, when compared with each other or wit.h their 
parent-specks, is much loss than that between the 
species of the same genus. But when we come to 
discuss the principle, as T ml1 it, of T1ivqymr.e nf 
Character, we shall see how this may be explained, 
n.nd how the lesser differences between varieties tend 
to increase into the greater differences between species. 

There is one other point which is worth notice. 
Varieties generally have much restricted ranges : this 
statement is indeed scarcely more than a truism, for, if 
a variety mere found to have a wider range than that 
of its supposed parent-species, their denominations 
would be reversed. But there is reason to believe 
that the species which are very closely allied to other 
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species, and in so far resemble va.rieties, often have 
much restricted ranges, For instance, Mr. II. C. 
Watson has marked for me in the well-sifted London 
Catalogue of plants (4th edition) 63 plants which are 
Lherein ranked as species, but which he considers a8 so 
closely allied to other species as to be of doubtful 
value : these 63 reputed species range on an average 

over 6.9 of the provinces into which Xr. Watson has 
divided Great Britain. Now, in this same Catalogue, 
53 acknowledged varieties are recorded, and these 
range oyer 7.7 provinces ; whereas, the species to 
which these varieties belong range over 14.3 provinces. 
So that the acknowledged varieties have nearly the 
same restricted average range, as have the closely 
allied forms, marked for me by Nr. Watson as cloubfful 
species, but which are almost universally ranked by 

British botanists as good and true species. 

Finally, varieties cannot be distinguished from 
epeeies,- except, first, by the discovery of intermediate 
linking forms; and, secondly, by a certain indefinite 
amount of difference between them; for two forms, if 
differing very little, are generally ranked as varieties, 
notwithstanding that they cannot be closely conn’ected ; 
but the amount of difference considered necessary to 
give to any two forms the rank of species cannot be 
defined. In genera having more than the average 
number of species in any country, the species of these 
genera have more than the averngc number of varieties. 
In large genera the species are apt to be closely, but 
unequally, allied together, forming little clusters round 
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other species. Species very c,losely allied to other 
species apparent.ly have restricted ranges. In all these 
respects the species of large genera present a strong 
analogy w&h varieties. And we can clearly understand 
these analogies, if species once existed as varieties, and 
thus originated ; whereas, these analogies are utterly 
inexplicable if species are independent creations. 

We have, also, seen that ifris the most flourishing or 
dominant epecies of the larger genera within each class 
which on an average yield the greatest number of 
varieties ; and varieties, as we shall hereafter see, tend 
to become converted into new and distinct species. 
Thus the larger genera tend to become larger ; and 
throughout nature the forms of life which are nom 
dominant tend to become still more dolllinarlt by 
leaving many modified and dominant descendants. 
I:ut by steps hereafter to be explained, the larger 
genera also tend to break up into smaller genera. And 
thus, the forms of life throughout the universe boco~e 
divided into groups subordinate to gruuys. 
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CHAI’TER TTT. 

STRUGGLE FOR EXISTESCE. 

Its hmk;: on natural selection-TIE LWIII used in a aide scnnt. - 
Glv~metrical ratio of increase-Rapid increase of naturali 
animals and plants-Yature of the chwks to increase-com- 
petition universal--Effects of clitnatcProtection from the 
number of individuals-Complex relations of all animala and 
Jdants t,hroughout nattnre-!3r.r11pgIe for iilb most FJOVWO between 
inlividllals and varieties of the same species: often aevero 
between species of the same genus-‘l’he relation of organism 
to q+nism the mu8L irrlpurtant of all rel*tionp. 

BEFORI? entcriug on the suh,iect of this chapter, I must 
make a few preliminary reInarks, to show how the 
strugle for existence bears on Natural Selection. It 
has been seen in the last chapter that amongst organic 
beings in a state vf nature there is some individual 
variability : indeed 1 am not a,ware that this has ever 
been disputed. It is immaterial for us whether a 
mulLMe of doubtful forms be called species or sub- 
species or varieties; Nhat rank, for instance, the two 
or three hundred doubtful furms of British plants are 
entitled to hold, if the existence of any well-marked 
varieties be admitted. But tho mere existwoe of 
individual variability and of some few well-marked 
Varieties, thmgh nexxsary as the foundation for t,he 
work, helps us but lit.tle in understanding how species 
arise in nature. HOW have all those exquisite 
edaptations of one part of the organisation to another 
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part, and to the conditions of life, and of one organic. 
being to another being, been perfected ? Wo see these 
beaut.iful co-adaptations most plainly in the woodpecker 
and the mistletoe; and only a little less plainly in the 
humblest parasite whic.h clings to the hairs of a 
quadruped or feathers of a bird; in the structure of 
the beetle which dives through the water : in the 
plumed seed which is wafted by the gentlest breeze; 
in short, WC Bee beautiful adaptatiouy evmywhere and 
in every part of the organic world. 

Again, it may be asked, how is it that varieties, 
which I have called incipient species, become ultimately 
converted into good and dint&t, species, which iu most 
cases obviously differ from each other far more than do 
the varieties of the same species 1 How rlo those 
groups of species, which constitute what are called 
distinct genera, and which differ from each other more 
than do the species of the same genus, arise 1 All 
these results, as we shall more fully see in the 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 
inlillitely oomplex relations to other organic beings and 
to their physical conditions of life, wiI1 tend to the 
poserration of such individuals, and will generally 
be inherited by the oflspring. The offspring, also, will 
thus have a better chance of surviving, for, of 61~ many 
indivi!luals of any species which are periodically born, 
but a small nnmher can survive. I have called this 
principle, by which each slight variation, if useful, is 
prcscrved, by the term Natural Selection, in order to 
mark its r&Con to man’s power of s&&ion. Bnt t’he 
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expression often used by Mr. Herbert SpeI.cer of the 
Survival of the Fittest is more accurate, and is 
sometimes equally convenient. We have seen that 
man by selection can certainly produce great results, 
and can adapt organic beings to his own uses, through 
the accumulation of slight but useful variations, given 
Ed him by the hctnd of Nature. But Natural Selection, 
as we shall hereafter see, is a power incessantly ready 
for n&ion, and is 99 immwts~1m.hly sirperinr tn man’s 
feeble efforts, as the works of Nature are to those of 
Art. 

We will now discuss in a little more detail the 
struggle for existence. In my future work this subject 
will be treated, as it well deserves, at greater len@h. 
The elder De Candolle and Lye11 have largely and 
philosophically shown that all organic beings are 
exposed to severe competit.ion. In regard to plants, no 
one has treated this subject with more spirit and ability 
than W. Herbert, Dean of Manchester, evidently the 
result of his great horticultural knowledge. Nothing is 
easier than to admit in words the truth of the universal 
6trUggk $01 life, Or more diffkult-at least I haW fUU1ld 

it so-than constantly to bear this conclusion in mind, 
Yet unless it be thoroughly engrained in the mind, the 
whole economy of nature, with every fact on dis- 
trihution, rarity, abundance, extinction, and vnrintion, 
will be dimly seen or quite misunderstood. We behold 
the face of nature bright with gladness, we often see 
superabundance of food ; we do not see or we forget, ths.t 
the birds which are idly singing round us mostly live 
on insects or seeds, and are thus constantly destroyiq 
life ; or we forget how largely these songsters, or their 
eggs, or their nestlings, are destroyed by birds and 
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beasts of prey; we do not always bear in mind, that, 
fhongh food may be now superabundant, it is not so at 
all seasOna of each recurring year. 

The Term, Struggle for Existence, used in n larp sense. 

1 should premise that 1 use this term in a large and 
metaphorical sense including dependence of one being on 
another, and including (which is more important) not 
only t,he life of the individual, but success in leaving 
progeny. Tmo canine animals, in a time of dearth, may 
be truly said to struggle with each other which shall 
get food and live. But a plant on the edge of a desert 
is said to struggle for life against the drought, though 
more properly it should be said to be dependent on 
the moisture. A plant which annually produces a 
thousand seeds, of which only one of an average comes 
to maturity, may be more truly said to struggle with 
the plants of the same and other kinds which already 
clothe the ground. The mistletoe is dependent on the 
apple and a few other trees, but can only in a fas- 
fetched sense be said to struggle with these trees, for, if 
too many of these parasites grow on the same tree, it, 
languishes and dies. Rat. several seedliug mistletoes, 
growiug close together on the same branch, may more 
truly be said to struggle with each othw. da the 
mistletoe is disseminated by birds, its existence depends 
on them ; and it may metaphorically be said to struggle 
with other fruit-bearing plants, in tempting the birds to 
devour and thus disseminate its seeds. In these sevesal 
senses, which pass into each other, I use for convenience’ 
sake the general term of Struggle for Existence. 
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Geometrical lMio of Inertme. 

A struggle for existence inevitabtbly follows from the 
high rate at which all organic beings tend to increase.. 
Every being, which during its natural lifetime produces 
several eggs or seeds, must suffer destruction during 
home pxiud ul ik life, itnd during some season or 
occasional year, otherwise, on the principle of geometri- 
cal incrcasc, its numbers would quickly 1~ccu111e so 
inordinately great that no country could support the 
product. Hence, es more individuals arc produced than 
can possibly survive, there must in every case be a 
struggle for existence, ei t,hher one individual with 
another of the same species, or with t,he individuals 
of distinct species, or with the physical conditions 
of life. It is the doctrine of Malthus applied 
with manifold force to the whole animal and 
vegetable kingdoms ; for in this case there can be no 
rLrtificia1 increase of food, and no prudential restraint 
from ma,rriage. Although some species may be now 
increasing, more or less rapidly, in numbers, all cannot 
do so, for the world would not hold them. 

There is no exception to the rnle that every organic 
being nalually increases at so high a rate, that, if not 
destroyed, the earth would soon be covered by the 
progeny of a single pair. Even slvw-breeding man has 
doubled in twenty-five years, and at this rate, in iess 
than a thousand years, thcro would literally not be 
stancling-room for his progeny. Lihrizeus has calculated 
that if ,zn anma. plant produced only two seeds--and 
there is no plant so unproductive as this-and their 
seedlings next year produced two, and so on, then in 
twenty years there would be a million plants. The 
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elephant, is reckoned the slowest breeder of all known 
animals, and I have taken some pains to estimate its 
probable minimum rate of natural increase ; it will be 
safest, to assume that it begins breeding when thirty 
years old, and goes on breeding till ninety years old, 
bringing forth six young in the interval, and surviving 
till one hnndred years old; if this be so, after a period 
of from 740 to 750 years there would be nearly nineteen 
milliou el:lapha~~ta alive, descended from the first pair. 

But we have better evidence on this subject than 
mere theoretical c&ulaDions, namely, the ~lumerous 
recorded cases of the astonishingly rapid increase of 
various animds m a state of nature, when circum- 
stmccs have been favourable to them during two or 
three following seasons. Still mow Rtriking is the 
evidence from our domestic animals of many kinds 
whic.11 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 latterly in 
Austmlia, had not been well authenticated, they would 
have been incredible. So it is with plants ; cases could 
be given of introduced plants which have become 
common throughout whole islands in a period of less 
than ten years. Several of the plants, such as the 
cardoon and a tall thistle, which are now the 
comluonest over the wide plains of La I’lata, clathing 
square leagues of surface almost to the exclusion of 
eve.ry other plant, have been introduced from Eurupt:; 
and there are plan& which now range in India, ;ty I 
hear from Dr. Fdconer, from Cape Comorin to tha 
Himalaya, which have been imported from America 
since its discovery. In such cases, and endless ot,hcrs 
could be given, no one supposes, that the fertility 
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of the animals or plants has been suddenly and 
temporarily increased in any sensible degree. The 
obvious explanation is that the conditions of life have 
been highly favourable, 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 be surprising, silnply explains their 
extraordina.rily rapid increase and wide di.ffhsion ill their 
new homes. 

In a sLab of nitLure almost every full-grown plant 
annually produces seed, and amongst animals there are 
very few which do not annunlly pair. Hence we may 
confidently assert, that all plants and animals are 
tending to increase at a geometrical rat.in,-that all 
would rapidly stock every station in which they could 
anyhow exist ,-and that this geometrical tendency to 
increase must be checked by destruction at some period 
of life. Our C~miliarity with the larger domestic 
animals tends, I think, to mislead us : we see no great, 
destruction falling on them, but we do not keep in 
mind that thousands are annually slaughtered for food, 
and that in a state of nature an equal number would 
have somehow to be disposed of. 

The only difference between organisms which annualIy 
produce eggs or seeds by the thousand, and those which 
produce extremely few, is, that the slow-breeders would 
require a few more yetlra Lo people, under fitvourable 
conditions, a whole district, let it be ever so large. The 
corldor lays a couple of eggs and the ostrich a score, and 
yet in the same country the condor may be the more 
numerous of the two ; the Fulmar petrel 1:~~s but one 
egg, yet it is believed to be the most numerous bird in 



82 BEONETRICAL RATIO OF INCREASE. [CHAP. Tll 

the world. One tly deposits hundreds of eggs, and 
another, like the hippobosca, a single one; but this 
diflerence does not determine how many individuals of 
the two species can be supported in a district. A large 
number of eggs is of some importance to those species 
which depend on a fluctuating amount of food, for it 
allows tl~em rapidly to increase in number. But, the 
real importance of a large number of eggs or seeds is to 
m&c up for much destruction I& wme period of life ; 
and this period in the great majority of cases is an early 
c-me. If an anirnd can in nny -vay protect its own eggs 
or young, a small number may be produced, and yet the 
averago stock he fully kept up; but if many eggs or 
young arc destroyed, many must be produced, or the 
qecies will become extinct,. It would suiTice to keep 
up the full number of a tree, which lived on an average 
for a thousand years, if a single seed were produced 
once in a thousand years, supposing that this seed WCTP 
never destroyed, and could be ensured to germinate in a 
fitting place. So that, in all cases, the average number 
of any animal or plant depends only indirectly on the 
number of its eggs or seeds. 

In looking at Nature, it is most necessaq to keep 
the foregoing cuvsidcrntions always in mind-never to 
forget t,llat every single organic being may be said to bo 
striving to the utmost to increaw in numbers ; that 
each lives by a struggle at some period of its life; that 
henvy destruction inevit&Iy fn11s either cn the ycung 
or old, during each generation or at recurrent intervals. 
Lighten any check, mitigrde the destruction CVCP su 
little, and the number of the species will almost 
instantaneously increase to any amount. 
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Nature of the C’ltecb to Incrcase. 

The causes which check the natural tendency of 
ea:h species to increase are most obscure. Look at 
the most vigorous species ; by as much as it swarms in 
numbers, by so much will it tend to increase still 
further. We know not exactly what blic cheeks are 
even in a single instance. Nor will this surprise any 
one who reflects how iguornllt we are on this head. 
even in regard to ma.nkind, althongh so incomparably 
Mter known than any other animal. ‘l&is sub,ject of 
the checks to increase has been ably treated by several 
authors, and I hope in a future work to discuss it af 
c.onsiderable length, more especially in regard to the 
ferd ruiuuls ui’ ?wuLh America. Here I will m&u 
only a few remarks, just to recall to the reader’s mind 
some of the chief points. Eggs or very youug a.ninials 
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 I have made 
it, appears that the seedlings suffer most from germi- 
nating in ground already thickly stocked with other 
plants. Seedlings, also, are destroyed in vast numbers 
by various enemies ; for instance, on a piece of ground 
three feet long and two wide, dug and cleared, and 
where there could be no choking from other plants, I 
marked all the seedlings of our native weeds as they 
came up, and out of 357 no less tbnn 295 were 
destroyed, chiefly by slugs and insects. If turf which 
has long been mown, and the cage would be the same 
with turf closely browsed by quadrupeds, be let to 
grow, the more vigorous plants gradually kill the less 
vigorous, though fully grown plants ; thus out of 
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twenty species growing on a little plot of mown turf 
(three feet by four) nine species perished, from the 
ot,her species being allowed to grow up freely. 

The amount of food for each species of course gives 
the extreme limit to which each can increase; but 
very frequently it is not the obtaining food, but the 
serving as prey to other animals, which determines the 
average numbers of a species. Thus, there seems to ‘be 
little doubt that the stock of pa,rtridges, grouse, and 
hares on any large estate depends chiefly on the 
destruction of vermin. If not one had of game were 
shot during the next twenty yellss in England, and, 
at the Bame time, iP IIO vermin were dezroyed, there 
would, in all probability, be less game than at present, 
nltl~cqh hundreds of thousands of gvne Lznimals UI’U 
now annually shot. On the other hand, in some cases, 
as with the elephant, none are destroyed by beasti of 
prey ; for even the tiger in India most rarely dares to 
attack a young elephant protected by its clam. 

Climate pIays an important part in determining the 
average numbers of a species, and periodical seasons of 
extreme cold or drought seem to be the most effective 
of all checks. I estimated (chiefly from the greatly 
reduced numbers of nests in the spring) that the 
winter of 1854-5 destroyed four-fifths of the birds in 
my own grounds ; and this is a tremendous des!ruction, 
wlkcn we remember that ten per cent. is an extra- 
ortliuarily severe mortality from e.pidcmics -with man, 
The action of &mate seems at first sight to be quite 
inclepedel~l UL Lhe struggle for existencn; but in so 
far as climabe chiefly acts in reducing food, it bring on 
the most severe struggle between the individuals, 
whether of the same or of distinct species, which 
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subsist on the same kind of food. Even when climate, 
for instance extreme cold, acts directly, it will be the 
least vigorous individuals, or those which have got 
least food through the advancing winter, which will 
suffer most. When we travel from south to nort,h, or 
from a damp region to a dry, we invariably see some 
species gradually getting rarer and rarer, and finally 
disappearing ; and the change of climate being con- 
spicuous, we are tempted to attribute the whole effect 
to its direct act,ion. But this is a false view ; we forget 
lhdl eadl qw:oiw, oven where it most abounk, is 
constantly suffering enormous destruction at some 
period of its life, from enemies or from competitors for 
the same place and food ; and if these enemies or 
competitors lo in the least degree favoured by ally 
slight change of climate, they will increase in numbers ; 
and as each area is already fully stocked with inhabi- 
tants, the other species must decrease. When we 
travel southward and see a species decreasing in 
numbers, we may feel sure that the cause lies quite as 
much in other spec,ies being ftivoured, as in this one 
being hurt. So it is when we travel northward, Ijut. in 
a somewhat lesser degree, for the number of species of 
all kinds, and therefore of competitors, decreases uort,h- 
wards ; hence in going northwards, or in ascending a 
mountain, we far oftener meet with stunted forms, due 
to the dire.& injurious action of climate, than we do 
iu yrwceeding suuLl~war& vr in descending a mountain. 
\Vhen we reach the Arctic regions, or snow-capped 
summits, or absolut+ dcscrts, the struggle for life is 
almost exclusively with the elements. 

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

resist destruction by our native animals. 
When a species, owing to highly favourable circum- 

stances, increases inordinately in numbers in a small 
tract, epidemics-at least, this seems generally to 
occur with our game animals-oft.en ensue; and here 
we have a limiting check independent. of the struggle 
for life. But even some of these so-called epidemics 
appear to he due to parasitic wosms, which have from 
some cause, possibly in part through facility of difFusion 
amongst the crowded animals, been disproportionally 
favoured : and here comes in a sort, of struggle between 
the parasite and its prey. 

On the other hand, in many cases, a large stock of 
individuals of the same species, relatively to the 
numbers of its enemies, is absolutely necessary for its 
preservation. Thus we can easily raise plenty of corn 
and rape-seed, &c., in our fields, because the seeds are 
in great excess cornpard with the number of Lir& 
which feed on them; nor can the birds, tllough having 
a supcrabuudancc of food at this one season, in~rrnse in 
uumbcr proportionally to the sul)ply of seed, as their 
numbers arc checked during winter ; but ally one. who 
has tried, knows how troublesome it is to get seed from 
a few wheat or other such phauts in a garden : I have 
in this case lost every single seed. ,This view of the 
necessity of a large stock of the same species for its 
preservation, explains, I believe, some singular facts in 
nature such as that of very rare plants being sometimes 
extremely abundant, in the few spots where they do 
exist ; and that of some social plants being social, that 
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is abounding in individuals, even on the extreme verge 
of their range. For in such cases, we may believe, 
that a plant could exist only where t,he conditions of 
its life were so favourable that many could exist 
together, and thus save the species from utter 
destruction. I should add that the good effects of 
intercrossing, and the ill effects of close interbreeding, 
no doubt come into play in many of these cases ; but 1 
will not here enlarge on this subjjecl,. 

Cmplex Relations of all Animals and Plants to each 
other in the Struggle fvr Existence. 

Many cases are on record showing how complex and 
nnexpeci%d MA t,he checks and relations between 

organic bein,%, which have >o struggle together in 
the same country. I will give only a single instance, 
which, though a simple one, interested me. 111 shffora- 
shire, on the estate of a relation, where I had ample 
means of invesligation, there was a large and extremely 
barren heath, which had never been touched by the 
hand of man; but several hundred acres of exactly 
the same nature had been enclosed twenty-five years 
previously and planted with Scotch fir. The change in 
the native vegetation of the planted part of the heath 
was most remarkable, more thank is generally seen in 
passing from one quite different soil to another: not 
only the proportional numbers of the heath-plank 
were wholly changed, but twelve species of plants (not 
oounting grasses and caricos) flourished in the planta- 
tions, which could not be found on the heath. The 
effect on the insects must have been still greater, for 
eix insectivorous birds were very common in the 

8 
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plantations, which were not to be seen on the heath ; 
and the heath was frequented by two or three distinct 
insectivorous birds. Here we see how potent has been 
the effect of the introduction of a single t.ree, nothing 
whatever else having been done, with the exception of 
the land having been enclosed, so that cattle could not 
enter. But how important an element txdusure is, I 
plainly saw near Farnham, in Surrey. Here there are 
extensive heaths, with a few clumps of old Scotch firs 
on the distant hill-tops : within the last ten years large 
spauos have been enclosed, and self-sown firs are now 
springing up in multitudes, so close together that all 
cannot live. When T ascertnined tknt these young 
trees had not been sown or ]Jlanted, I was so much 
surprised at their numbers that I went to several points 
of view, whe.nce I could examine hundreds of acres of 
the unenc.losed heath, and literally I could not see a 
single Scotch fir, except the old pInnted clumps. But 
on looking closely between the stems of the heath, I 
found a multitude of seedlings and little trees which 
had been perpetually browsed down by the cat,tle. In 
one square yard, at a point some hundred yards distant 
from one of the old clumps, I county thirty-two little 
trees ; and one of them, with twenty-six rings of 
growth, had, during many years tried to raise its head 
above the stems of the heath, and had failed. No 
wonder that, as soon as the land was enclosed, it 
became thickly clothed with vigorously growing young 
firs. Yet the heath was so extremely barren and so 
extensive that no one would ever have imagined that 
cattle would have so closely ancl effectually searched it 
for food. 

Here we see that cattle absolutely determine the 
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existence of the Scotch fir ; but in several parts of the 
world insects determine the existence of cattle. Perhaps 
Paraguay offe.rs the most curious instance of this ; for 
here neither catt,le nor horses nor dogs have ever run 
wild, though they swarm southward and northward in 
a feral state; and Azara and Rengger have shown that 
this is caused by t,he greater number in Paraguay of a 
certain fly, which lays its eggs in the navels of these 
animals when first born. The incre;tse of these flies, 
numerous as they are, must be habihlally checked by 
some. means, probably by other parasitic insects. 
Hence, if certain insec.tivorous birds were to decrease 
in Pa.rqg~~ny, the parasitic insects would prnhhly 

increase ; and this would lessen the number of 
the navel-frequenting flies-then cattle and horses 
would become feral, and this would certainly greatly 
alter (as indeed I have observed in parts of South 
America) the vegetation : this again would largely 
affect the insects; and this, as we have just seen in 
Staffordshire, the insectivorous birds, and so onwards 
in ever-increasing circles of complexity. Not that 
under nature the relations will ever be as sirnple a8 
this. Battle within battle must be continually 
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 
presnmptkm, t.hat we marvel when we hear nf the 
est,inction of an organic being; and as we do not see 
the cause, we invoke cataclysms to desolate the world, 
or invent laws on the duration of the forms of life ] 
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I 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 relations. I 
shall hereafter have occasion to show that the exotic 
Lobelia fulgens is never visited in my garden by 
insects, and consequently, from its peculiar structure, 
never sets a seed. Nearly all our orchidaceous plants 
absolutely require the visits of insects to retnove their 
pollen-masses and thus to fertilise them. I find from 
experiments that humble-bees are almost indispensable 
to the fertilis&ion of the heartsease (Viol0 tricolor), for 
other bees do not visit this flower. I have also found 
that the visits of bees are necessary J’ur Lhe fertilisation 
of some kinds of clover ; for instance, 20 heads of Dutch 
clover (Trifolium repens) yi&lcd 9,290 seeds, but 20 
other Ileads protected from bees produced not one. 
Ag&, 100 heads of red clover (T. pratense) produced 
2,700 seeds, but the same number of protected heads 
produced not a single seed. Humble-bees alone visit 
red clover, as other bees cannot reach the nectar. It 
has been suggested that moths may fertilisc the clovers ; 
but I doubt whether they could do so in the case of the 
red clover, from their weight not being sufficient to 
depress the wing petals. Hence we may infer as 
highly prOhble that, if the whole genus of humble-bees 
became extiuct or very rare in England, the heartsease 
and rod clover would become very rare, or wholly 
disayyoitr. The number of humble-bees in auy district 
depends in a great measure upon the number of field- 
mice, which destroy t,heir combs tend nests; and Cal. 
Newman, who has long attended to the habits of 
humble-bees, believes that ” more than two-thirds of 
them are thus destroyed all over England,” Now the 
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number of mice is largely dependent, aa every one 
knows, on the number of cats ; and Col. Newman says, 
(‘ Near villages and small towns I have found the nests 
of humble-bees more numerous’ than elsewhere, which I 
attribute to the number of cats that destroy the mice.” 
Hence it is quite credible that the presence of a 
feline animal in la.rge numbers in a district m@t 
determine, throu$ the intervention first of mice and 
then of bees, the frequency of cerlui[l fluwers in that 
district ! 

In the oasc of cvcry spccics, many different chc&, 
acting at different periods of life, and during different 
seasons or years, probably come into IJay; some one 
check or some few being generally the most potent ; 
but all will concur iti determining the average nun-ther 

or even the existence of the species. In some cases it 
can he shown that widely-dXerent checks act on the 
same species in different districts. When we look at 
the plants and bushes clothing an entangled bank, we 
are tempted to attribute their proportional numbers and 
kinds to what we call chance. But how false a view is 
this ! Every one has heard that when an American 
forest is cut down, a very different vegetation springs 
up ; but it has been observed that ancient Indian ruins 
in the Southern United States, whic.h must formerly 
1mve been cleared of trees, now display Ihe same beau- 
tiful diversity and proportion of kinds as in the sur- 
r~undi ng virgin forest. What a struggle must have 
gone on during long centuries between the Eeveral 
kinds of trees, each annually scattering its seeds by the 
thousand ; what war between insect and insect- 
between insects, snaiIs, and other animals with birds 
and beasta of prey-all striving to increase, all feeding 
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on each other, or on the trees, their seeds and seedlings, 
or on the other plants which first clothed the ground 
and thus chcckcd the growth of the trees ! Throw up a 
ha,ndful of feathers, and all fall to the ground according 
to definite laws ; but how simple is the problem where 
each shall fall compared to that of the action and 
reaction of the innumerable plants and animals which 
have determined, in tile course of centuries, the pro- 
portional numbers and kinds of trees now growing on 
the old Indian ruins 1 

The dependency of one or&c beirlg MI another, as 
of a parasite on its prey, lies generally between beings 
rcmutc in the soal of nnturc. This is likewise some- 
t,imcs the case with those which may be strictly said to 
stm&z with ench other for existence, as in the case 
of locusts and grass-feeding quadrupeds. But the 
struggle will almost invariably be most severe between 
the individuals of the same species, for they f’requent 
the same districts, require the same food, and are 
exposed to the same dangers. In the case of varictics 
of the same species, the struggle will generally be 
almost equally severe, and we sometimes see the 
contest soon decided : for instance, if several varieties of 
wheat be sown together, and the mlxed seed be resown, 
some of the varieties which best suit the soil or climate, 
or are naturally the most fertile, will beat the otltcrs 
and so yield more seed, and will consequently in a few 
years supplant the other vczrieties. To keep up a 
mixed stock of even such extremely close varieties EIS 
the variously-coloured swoot pcz~s, they must be each 
year harvested separately, and the seed then mixed in 
due proportion, otherwise the weaker k.inds will 
steadily decrease in number and disappear. So again 
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with the varieties of sheep ; it has been asserted that 
certain mountain-varieties will starve out other moun- 
tain-varieties, so that they cannot be kept together. 
The same result has folIowed from keeping together 
diKerent varieties of the medicinal leech. It may even 
be doubted whether the varieties of any of our domestic 
plants or animals have so exactly the same strength, 
habits, and constitution, that tlte origilial proportions 
of a mixed stock (crossin, u being prevanled) could be 
kept up for half-a-dozen ge.nerations, if they were 
allowed to slru& t,o@~er, in t,he same mauncr ~28 
beings in a state of nature, and if the seed or young 
were not annually prcoerved in due proportion. 

Stmgle for Life most severe between Indivi&uds and 
Tatieties of tke sanze &&es. 

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 between them, if 
they come into competition with each other, than 
between the species of distinct genera. We see this in 
the recent extension over parts of the United States of 
one species of swallow having caused the decrease of 
another species. The recent increase of the missel- 
thrush in parts of Scotland has caused the decrease of 
the song-thrush. How freyucdy we hear uf one 
specitis of rat taking the place of another species under 
the most different climates ! In Rut3sls tllc small 
Asiatic cockroach has everywhere driven before it, its 
&q-eat congener. In Australia the imported hive-bee is 
rapidly exterminating the small, stingless native bee. 
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One species of charlock has been known to supplant 
another species ; and so in other cases. We can dimly 
see why the competition should be most severe between 
alhed forms, which fill nearly the same place in the 
economy of nature ; but probably in no one case could 
we precisely say why one species has been victorious 
over another in the great battle of life. 

A corollary of the highest importance may be deduced 
from the foregoing remarks, namely, that the structure 
of every organic beiug is related, in the most essentictl 
yet often hidden manner, tu Lhat of all the other orga:alUc 
beings, with which it comes into competition for food 
or residence, or from which it, has to escape, or on 
which it preys. This is obvious in the st,ructure of the 
t,ccth and t,alnns of the tiger; and in that of the legs 
and claws of the parasite which clings to the hair on 
the tiger’s body. But in the beautifully plumed seed 
of the dandelion, and in the flattened and fringed lega 
of the water-beetle, the relation seems at first confined 
to the elements of air and water. Yet the advantage 
of plumed seeds no doubt stands in the closest relation 
to the land beiug already thickly clothed wit,h other 
plants ; so that the seeds may be widely distributed 
and fa1I on unoccupied ground. In t,he mater-beetle, 
the structure of its legs, so well adapted for diving, 
allows it to compete with other aquatic insects, to hunt 
for its own prey, and to escape serving as prey to other 
anim&. 

The store of nutriment laid up within the seeds of 
many plants seems at fimt sighL Lu lave no sort of 
relation to other plants. But from the strong growth 
of young plants produced from such seeds, as peas aud 
bane, wlLeea sown in the midst of long grass, it may be 
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suspected that the chief use of the 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 1 We 
know that it can perfectly well withstand a little more 
heat or cold, dampness or dryness, for elsewhere it 
rmges in10 sli$Lly hotler or colder, damper or drier 
districts. In this case we can clearly see that if we 
wish in imagination to give the plant the power of 
increasing in numbe.r, we should have to give it some 
advantage over its competitors, or over the animals 
which prey on it. On the confines of its geographical 
range, a change of constitution with respect to climate 
would clearly be an advantage to our plant; but we 
have reason to believe that only a few plants or 
animals range so far, that they are destroyed ex- 
clusively by the rigour of the climate. Not until we 
reach the extreme confines of life, in the Arctic regions 
or on the borders of an utter desert, will competition 
cease. The land may be extremely cold or dry, yet 
there will be competition between some few species, or 
between the individuals of the same species, for t,he 
warmest or dampest spots. 

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

It is good thus to try in imagination to give to any 
one species an advantage over another. Probably in 
no single instance should we know what to do. This 
ought to convince us of our ignorance on the mutual 
relations of all organic beings ; a conviction as necessary, 
as it is difficult to acquire. All that we can do, is to 
keep steadily in mind that each organic being is 
striving to’increase in a geometrical ratio ; that each at 
some period of its life, during some season of the year, 
during each generation or at’ intervals, has to struggle 
for life and to suffer great destrualion. WlLen we 
reflect on this struggle, we may console ourselves with 
the full belief, that the wnr of nature is not incessant, 
that no fear is felt, that death is generally prompt, and 
that the vigorom, the hertlthy, and the happy survive 
and multiply. 
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CIIAPTER IV. 

X’ATVRG SELECTION ; OR THE SURVVAL OF THE BTTWT. 

h’ntrira1 Selection-its pomer compared with man’s selection-it3 
pmm~ on chwsrtem nE trifling i,uportnnce-its power at all ages 
nnd on both sexes-Sexual Selection-On tho generality of 
intercrosses between individuals of the same species-Circum- 
titances favourabh3 ad u1ll’a+uilraUc tu the rrsults of Natural 
Selection, namely, intc~rcrossing, isolation, number of individuals 
-Slow action-Extinction caused hy Satural Sclection-Diver- 
gence of Character, related to the diversity of inhabitants of any 
small area, and to naturalisation-Action of Satural Selection, 
through Divrrgcncc of Character, and Extinction, on the de- 
scendants from a common prent-Explains the grouping of all 
organic beings-Advance in organisation-Low forms preserved 
-Convergence of character-Indelinite multiplication of species 
-Summary. 

IIow will the struggle for existence, briefly discussed in 
the last chapter, act in regard to variation 1 Can the 
principle of selection, which we have seen is so potent 
in the hands of man, apply under nature ? I think we 
shall see that it can act most efficiently. Let the endless 
number of slight variations and individual differences 
occurring in our domestic productions, aml, in a lesser 
degree, in those under nature, be borne ih mind ; as well 
as the strength of the hereditary tendency. Under 
domestication, it may be truly said that t,he whole or- 
ganisation becomes in some degree plastic. But the 
variability, which we almost universally meet with in 
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our domestic productions, is not directly produced, as 
Hooker and Asa Gray have well remarked, by man ; he 
can nei.thor originate varieties, nor prevent their occur- 
rence ; he can only preserve and accumuIate suc.h as do 
occur, Unintent8ionally he exposes organic beiuga to 
nem and changing conditions of life, and variability 
CIISUOS; but similar changes of conditions might and 
do occur under nature. Let it also be borne in mind 
how infinitely cumplex and close-fitting are the mutual 
relations of all organic beings to each other and to their 
physical oonditions of life; and consequently what in- 
finitely varied diversities of structure might be of use to 
each being unclcr changing oonditions of life. Can it, 
then,be thought improbablc,seeing that variations useful 
to man have undoubtctlly occurred, that other variations 
useful in some way to each being in the great and mm- 

plex battle of life, should occur in the course of many 
successive generations ? If such do occur, can we doubt 
(remembering that many more individuals are born than 
can possibly survive) that, individuals having any ad- 
vantage, 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 least degree injurious would be rigidly destroyod. 
This preservation of favourable individud differences 
and variationp, auci the destruction of those which are 
injurious, I have called Natural Selection, or the Survival 
of the Kttcst. Variations neither useful nor injurious 
w(JUld not be affected by natural selection, and would 
be left either a fluctuating element, &s perhaps we S&I 

in certain polymorphic species, or would ultlmatel,y 
become fixed, owing to the nature of the organism aud 
the nature of the conditions 



&IAP. IT.1 N.\Tl’RAT, SlXlXTTON. 99 

Several writers have misapprehended or objected to 
the term Natural Selection. Some have even imagined 
that natural selection induces variability, whereas it 
implies only the preservation of such variations as arise 
and are beneficial to the being under its conditions of 
life. No one objects to agriculturists speaking of the 
potent effects of man’s selection; and in this case the 
individual differences given by nature, which man for 
some object selects, must of necessity first occur. Others 
have objected that the term selection implies conscious 
choice in the animals which become modified ; and it 
has even been urged that, as plants have no volition, 
mLurit1 selection is not applicable to them ! In the literal 
sense of the word, no doubt, natural selection is a false 
term ; but who wcr objcctcd to chemists speaking of 
the elective afhnities of the various elements ? -and yet 
an acid cannot strictly be said to elect the base with 
which it in preference combines. It has been said that 
1 speak of natural selection as an active power or Deity ; 
but who objects to an author speaking of the attraction 
of gravity as ruling the movements of the planets ? 
Every one knows what is meant and is implied by such 
metaphorical expressions ; and they are almost necessary 
for brevity. So again it is difficult to avoid personifying 
the word Nature ; but I mean by Nature, only the aggre- 
gate action and product of many natural laws, and by 
laws the sequence of eve.nts as ascertained by us. With 
a little familiarity such superficial objections will be 
f~xgotten. 

we shall bevL 1mlers Lard the pJMJlecuursa or mbLUrsi1 
selection by taking the case of a country undergoing 
some slight physical change, for instance, of climate. 
The proportional numbers of its inhabitants will almost 
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immediately undergo a change, and some species will 
probably become extinct. We may conclude, from what 
we have seen of the intimate and complex manner in 
which the inhabitants of each countryare bound together, 
tlrst any change in the numerical proportions of the in- 
habitants, independently of the change of climate itself, 
would seriously all’ect the others. If the country were 
open on its borders, new forms woda certainly immi- 
grate, and this would likewise seriously disturb the 
relations of some of the former inhabitants. Let it be 
remembered how powerful the influence of a single 
introduced tree or mammal has been shown to be. Rut 
in the case of an islnnd,or of a country partly surrounded 
by barriers, into which new and better adapted forms 
cm111d not freely enter, wc sl~ould then have places in 
the economy of nature which would assuredly be better 
filled up, if some of the original inhabitants were in some 
manner modified ; for, had the area been open to immi- 
gration, these same places would hn.ve heen seized on 
by intruders. In such cases, slight modifications, which 
in any way favoured the individuals of any species, by 
better adapting them to their altered conditions, would 
tend to be preserved ; and natural selection would have 
free scope for the work of improvement,. 

MTe have good reason to believe, as shown in the first 
chapter, that changes in the conditions of life give a 
tendency to increased variability; and in the foregoing 
IXSCS the conditions have changed, and this would mani- 
festly be favourable to natural select.ion, by affording 8 
better chance of the occurrence of profitable variations. 
Unless such occur, natural selection can do nothing, 
Under the term of “variations,” it must never be forgotten 
that mere individual differences are included. As man 
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can produce a great result with his domestic animals and 
plants by adding up in any given direction individual 
differences, so could natural selection, but far more easily 
from having incomparably longer time for action. Nor 
do I believe that any great physical change, as of climate, 
or any unusual degree of isolation to check immigration, 
is necessary in order that new and unoccupied places 
should be left, for natural selec,tion to fill up by im- 
proving some of the varying inhabitants. For as all 
the inhabitants of each country are struggling tog&her 
with nicely balar~srl I’WCCY, exl~remely slight modifka- 
Cons in the structure or habits of one species would 
often give it an advantage over others ; and still further 
modifications of the same kind would often still further 
increase the advantage, as long as the specioa continued 
under the same conditions of life and profited by similar 
means of subsistence and defence. No country can be 
named in which all the native inhabitants are now so 
perfectly adapted to each other and to the physical con- 
ditions 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 have aHowed some foreigners to 
take firm possession of the land. And as foreigners 
have thus in every country beaten some of t,he natives, 
we may safely conclude that the natives might, have 
been modified wit,h advantage, so as to have better re- 
sisted the intruders. 

As man can produce, and certainly has produced, a 
great result by his methodical and unconscious means of 
selection, what may not natural select,ion effect ? Man 
can act only on external and visible characters : Nature, 
if I may be allowed to personify the natural preservation 
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or survival of the fittest, cares nothing for appearances, 
except in so far as they are useful to any being. She 
can act on every internal organ, on every shade of con- 
stitutional difference, on the whole machinery of life. 
Man selects only for his own good: Nature only for 
that of the being which she tends. Every selected 
character is fully exercised by her, as is implied by the 
fact of their. selection. Man keeps the natives of many 
climates in the same country ; he seldom exercises each 
selected character in some peculiar and fitting manner; 
he feeds a long and a short beaked pigeon on the same 
food ; he does not exercise a long-backed or long-legged 
quadruped in any peculiar manner; he exposes sheep 
with long and short wool to the same climate. He does 
not allow the most vigui-ous mdes to stru& fur the 
females. He does not rigidly destroy all inferior animals, 
but protects during each varying season, as far as lies in 
his power, all his productions. He often begins his 
selection by some half-monstrous form; or at least by 
some modification prominent enough to catch the eye or 
to be plainly useful to him. Under nature, the slightest 
differences of structure or constitution may well turn the 
nicely-balanced scale in the struggle for life, and so be 
preserved. How fleeting are the wishes and efforts of 
man ! how short his time ! and consequently how poor 
will be his results, compared with those accumulate% by 
Nature during whole geological periods! Can we wonder, 
then, that Nature’s productions should be far “ truer ” 
in character than man’s productions ; that they should 
be infinitely better adapted to the most complex condi- 
tions of life, and should plainly bear the stamp of far 
&her workmanship ? 

It may metaphorically be said that natural selection 
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is daily and hourly scrutinising, throughout the ~orlcl, 

t,he slightest variations; rejecting those that are bad, 
preserving and adding up all that are good ; silently 
and insensibly working, whenever and wherever oppor- 
tlcltity o$ers, at the improvement of each organic being 
in relation to its organic and inorganic conditions of life. 
We see nothing of these slow changes in progress, until 
the hand of time has marked t,he lapse of ages, and then 
so imperfect is our view into long-past geological ages, 
that we see only that the formsof life are now different 
from what they formerly were. 

In order that any great amount of modification should 
be effected in a species, a variety when once formed 
must again, perhaps after a long int,erval of time, vary 
or present individual differellcca of the same Favourable 
nature as before; and these must be again preserved, 
and so onwards step by step. Seeing that individual 
differences of the same kind perpetually recur, this cau 
hnrdly be considcrcd as an unwarrantable assumption. 
Hut whether it is true, we can judge only by seeing how 
far t,he hypothesis accords with and eupl:lins the generat 
phenomena of nature. On the other hand, the ordinary 
belief that the amount of possible variation is a st.rir.tly 

limited quantity is likewise a simple assumption. 
Although natural selection can act only through and 

for the good of each being, yet characters and struc- 
tures, which we are apt to consider as of very trifling 
importance, may thus be acted on. When we see leaf- 
rating insects green, and bark-feeders mottled-grey ; the 
alpine ptarmigan white in winter, the red-grouse t,he 
~olour of heather, we must believe that these tints are 
of service to these birds and insects in preserving them 
from danger. Grouse, if not destroyed at some period 

9 
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of their lives, would increase in count,less numbers ; they 
are known to suffer largely from birds of prey ; and 
hawks are guided by eyesight to their prey-so much 
so, that on parts of the Continent perscms arc warn4 
not to keep white pigeons, as being t,he most liable to 
destruction. Rence natural aclection might he effective 
in giving t,lte proper colour to each kind of grouse, and 
in keeping that coIonr, when once acquired, true and 
constant. Nor ought. we to think that the occasional 
destruction of an animal of any particular colour would 
produce little effect : we should remember how essential 
it is in a flock of white sheep to destroy a lamb with 
t,hc faintest trace of black. We have seen how the 
colour of the hogs, which feed on the “paint-root” in 
Virginia, r&cnnines whether they shall live or die. In 
plants, the clown on the fruit and t.he colour of the flesh 
are considered by botanists as characters of the most 
trifling importance : yet we hear from an excellent horti- 
cnhrist, Thwning!, t,hat in the United States smooth- 
skinned fruits suffer far more from a beetle, a Curculio, 
than those with down ; that purple plnms snfTer far 
more from a certain disease than yellow plums ; whereas 
another disease attacks yellow-fleshed peaches far more 
than those with other coloured flesh. lf, with a11 the 
aids of art, these slight differences make a great difference 
in cultivating the several varieties, assuredly, in a state 
of nature, where the trees would have to struggle with 
other trees and with a host of enemies, such din’erences 
would efTectually settic which variety, whether R smooth 
or downy, a yellow or purple fleshed fsuit, should 
succeed. 

In looking at many small points of difference between 
species, which, a~ far as our ignorance permits us to 
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judge, seem quite unimportant, we must not forget that 
climate, food, &c., have no doubt prorluoml some direct 
efl’ect. It is aIso necessary to bear in mind that, owing 
to the law of correlation, when one pa.rt varies, and the 
variations a.re accumulated through natural selection, 
other modificntions, often of the most unexpeetod nature, 
will ensue. 

As we see that those variations which, under domesti- 
cation, appear at any particular period of life, tend to 
reappearin theoffspring at thesame period;-for instance, 
in the shape, size, and flavour of the seeds of the many 
varieties of our culinary and agricultural plants ; in the 
caterpillar and cocoon stases of the varieties of the silk- 
worm; in the eggs of poultry,and in the colour of thedown 
of their chickens ; in the horns of our sheep and cattle 
when nearly adult; --so in a state of nature natural selec- 
tion will be enabled to act on and modify organic beings 
at any age, by the accumulation of variations profitable 
Ltt that age, and l3y their inheritance at a corresponding 
age. If it profit a plant to have its seeds more and more 
widely disseminated by the wind, I can see no greater 
difficulty in this being efTected through natural selection, 
than in the cotton-planter increasing and improviq by 
selection the down in the pods on his cotton-trees. 
Natnral selection may modify and adapt the larva of an 

insect to a score of contingencies, wholly different from 
those which concern the mature insect ; and these modify- 
mtionsmay effect,throughcorrelation,the structure ofthe 
r,dalt, So, conversely, modifications in the adult may 
affect t,he structure of the larva ; but in all cases natural 
selection will ensure that they shall not be injurious: 
for if they were so, the species would become extinct. 

Natural selection will modify the structure of t,he 
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young in relation to the parent, and of the parent in 
relation to the. young. In social animals it will a&yt 
the structure of each individual for the benefit of the 
whole communit,y ; if the community profits by the se- 
lected change. What natural selection cannot do, is to 
modify the stmntnre of one species, without giving it any 
advantage, for the good of another species; and though 
statements to,this effect may be found in works of natural 
history, I cannot find one case which will bear investiga- 
tion, A structure used only once in an animal’s life, if of 
high importance to it, might be modified to any extent by 
natural selection ; for instance, the great jaws possessed 
by certain insects, used exclusively’ for opening the 
cocoon-or the hard tip to the beak of unhatched birds, 
used for breaking the egg. It has been asserted, t&t of 
the best short-beaked tumbler-pigeons a great,er number 
perish in the egg than are able to get out of it ; so that 
fanciers assist in tho act of hatching. Sow if nature 
hatd to make the beak of a full-grown pigeon very short 
for the bird’s own advantage, the process of modification 
~dcl be very slww, and there would be simultaneously 
the most rigorous selection of all the young birds within 
the egg, which had the most powerful and har&aL beaks, 
for all with weak beaks would inevitably perish ; or, 
more delicate and more exsil;y broken shells might be 
selected, the thickness of the shell being known to vary 
like every other st,rnc.t;llrti. 

It may he well here to remark that wit,h all beings 
there must be much fortuitous destru&-m, which can 
bsve little or no influence on the course of naturai 
selection. For instance a vast number of eggs or seeds 
arc annually devoured, and these could be modified 
&rough natural selection only if they varied in some 
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manner which protected them from their enemies. Yet 
many of these eggs or seeds would perhaps, if not de- 
slroyed, Irave 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 
conditions, muet be ~xmally destroyed by accidental 
causes, which would not be in the least degree mitigated 
by certain changes of structure or constitut,ion which 
would in other ways be beneficial to the species. Hut 
let the destruction of the adults be ever so heavy, if the 
number which can exist in any district he not wholly 
kept down by such causes,-or again let the destruction 
of eggs or seeds be so great that only a hundredth or a 
thousandth part are developed,-yet of those which do 
survive, the ‘beat adapted individuals, supposing that 
there is any variability in a favourable direction, v-ill 
tend to propagate their kind in larger numbers than 
the less well adapted. If the numbers be wholly kept 
down by the causes just indicated, as will often have 
been the case, natural selection will be powerless in 
certain beneficial directions ; but this is no valid objec- 
Con to its efficiency at Aher times and in other ways ; 
for we axe far from having any reaaon to suppose that 
man7 species ever undergo modification and improve- 
mpnt at tho FILNN time in the earno arca. 

Iuasmw,h IM peculiarities often appear under domeski- 
cation in one sex and become hereditarily attached to 
that sex, so no doubt it will be under nature. Thus it is 
rendered possible for the two sexes to be modified 
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through natural selection in relation to different habits 
of life. as is sometimes the case ; or for one sex to be 
modified in relation to the other sex, as commonly occurs. 
This leads me to say a few words on what I have called 
Sexual Selection. This form of selection depends, not 
on a struggle for existence in relation to other organic 
beings or to external conditions, but on a struggle 
between the individuals of one sex, generally the males, 
for the possession of t,he other sex. The result is not 
death to the unsuccessful competitor, but few or no off- 
spring. Sexual selection is, therefore, less rigorous than 
natural selection. Generally, the most vigorous males, 
those which are best fitted for their places in nature, will 
leave most progeny. But in many cases, victory depends 
not so much on genernl vigour, as on having special 
weapons, confined to the male sex. A hornless stag or 
spurless cock would have a poor chance of leaving 
numerous offspring. Sexual selection, by always allow- 
ing t.he victor to breed, might surely give indomitable 
courage, length to the spur, and strength to the win:; to 
strike in t,he spurred leg, in nearly the same manner as 
does the brutal cocklighter by the careful selection of 
his best co&s. Bow low in the scale of nature the law of 
battle descends, I know not ; male allfgators have been 
described as fighting, bellowing, and whirling round, like 
Indians in a war-dance, for L11e possession of the females; 
male salmons have been observed fighting all day long; 
malt stag-beetles sometimes bear wounds from the huge 

mandibles of other maIes ; the males of cert,ain hymenop 
terous insects have been frequently seen by that inbit- 
able observer M. Eabre, fighting for a particular female 
who sits by, an apparently uncoucerned beholder of the 
straggle, and then retires with the conqueror, The war 
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if+ perhaps, severest between the males of polygamous 
animals, and these seem oftenest provided with special 
weapons. The males of carnivorous animals are already 
well armed ; though to them and to others, special means 
of defence may be given through means of sexual se- 
lection, as the mane of the lion, and the hooked jaw to 
the male salmon; for the shield may be as important 
for victory, as the sword or spear. 

Amongst birds, the contest is often of a more peaceful 
character. All those who have attended to the subject, 
believe that tllele is L111: severest riralry between the 

males of many species to attract, by singing, the females. 
The rock-thrush of Guiana, birds of paradise, and some 
others, congrcgatc ; and successive males display with 
the most elaborate care, and shop offin the best manner, 

their gorgeous plumage ; they likewise perform strange, 
antics before the females, which, standing by as spec- 
tators, at last choose the most attractive partner. Those 
who have c.losely attended to birds in confinement well 
know that they often take individual preferences and 
dislikes: thus Sir R. Heron has described how a pied 
peacock was eminently attractive to all his hen birds. 
I cannot here enter on the necessary details ; but if man 
can in a short time give beauty and an elegant carriage 
to his bantams, according to his standard of beauty, I 
can see no good reason to doubt that female birds, by 
selecting, during thousands of generations, the most 
melodious or beautiful males., according to their standartl 
of beauty, might produce a marked effect. Some well- 
known laws, with reupe& tu the plumage uf mdtlt: ad 

female birds, in comparison with the plumage of the 
young, can partly be expla.ined t,hrough the action of 
sexual selection on variations occurring at different ages, 
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and transmitted to the males alone or to both sexes at 
corresponding ages ; but I have not space here to enter 
on this subject. 

l’hus it is,as I believe,that ahen the males and females 
of any animal have the same general habits of life, but 
differ in structure, colour, or ornament, such differences 
have been mainly caused by sexual selection: t,hat is, 
by individual males having had, in successive genera- 
tions, some slight advantage over other males, h their 
weapons, means of defence, or charms, which they have 
tranemittcd to their male offspring alone. Yet, I would 

not wish to attribute all sexual differences to this agency: 
for vie see in our domestic animals peculiarities arising 
and becoming attached to the male sex,which apparently 
have not been angmentd t.hmmlgh sekction by man. 

The tuft of hair on the breast of the wiId turkey-cock 
cannot be of any use, and it is doubtful whether it can 
ho ornamental in the eyes of the female bird ;-indeed, 
had the tuft appeared under domestication, it would 
have been called a monstrosity. 

I&.&rations of tha Action ?f Natural SeEection, or the 
Survival qf the iZ!t& 

In order to make it clear how. as I believe, naturn 
selection acts, I must beg permission to give one or two 
imaginary illustrations. Let us take the case of a wolf, 
wlkb prep 011 various itCulala, securing some by craft,, 
some by strength, and some by fleetness; and let us 
suppose that t,he fleetest prey, a deer for instance, had 

from any change in the country increased in numbers, 
or that other prey had decreased in numbers, during t,hat 
season of the year when the wolf was hardest pressed 
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for food. Under such circumstances the swiftest and 
slimmest wolves would have the best chance of surviving 
and so be preserved or selected,-provided always that 
they retained strength to master their prey at this or 
some other period of the year, when they were compelled 
to prey on other animals. I can see no more reason to 
doubt that this would be the result, t&n that ~nan 
should be able to improve the fleetness of his greyhounds 
by careful and methodical selection, or by that kind of 
unconscious selection which follows from each mlzn 
trying to keep tho best dogs without any thought of 

modifying the breed. I may add, that, according to Mr. 
Pierce, there are two varieties of the wolf inhabiting the 
Catskill Mountains, in the United States, one with a 
1 iC;hf greyhound-like form, which pursues deer, and the 
other more bulky, with shorter legs, which more fre- 
quently attacks the shepherd’s flocks. 

It should be observed that, in the above illustration, 
I speak of the slimmest individual wolves, and not of any 
single strongly-marked variation having been preserved. 
111 former editions of this work I sometimes spoke as if 
this latter alternative had frequomly occurred. I saw 
tile great importance of individual differences, and this 
ied me fully to discuss the results of unconscious se- 
lection by man, which depends on the preservation of all 
the more or less valuable individuals, and on .the de- 
struction of the worst. I saw, also, that the preserva- 
tion in a state of nature of any occasional deviation of 
structure, such as a monstrosity, would be a rare event ; 
and that, if at first preserved, it would generalIy be lost 
by subsequent int,ercrossing with ordinary individuals. 
Nevertheless, until reading an able and valuable article 
in the ‘North British Review’ (186’i), I did not ap- 
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pm&ate how rarely single variations, whether slight or 
strongly-marked, could be perpetuated. The author 
takes the case of a pair of animals, producing during 
their lifetime two hundred offspring, of which, flom 
various causes of destruction, only two on an average 
survive to pro-create their kind. This is rather an 
extreme estimate for most of the higher animab, but by 
no means so for many of the lower organisms. He then 
shows that if a single individual were born, which varied 
in some manner, giving it twice as good a chance of life 
BS that of the other individnals, Tet the chances would 
be strongly against its survival. Supposing it to survive 
and to breed, and that half its young inherited the 
favourablc variation ; still, as the Reviewer goes on to 
show, the young vx1111d have only a slightly better 
chance of surviving and breeding ; and this chance 
would go on decreasing in the succeeding generations. 
The justice of t,hese remarks cannot, I think, be disputed. 
If, for instance, a bird of some kind could procure i@ 
food more easily by having its beak curved, and if one 
were born with its beak strongly curved, and which 
consequently flourished, nevertheless there would be a 
very poor chance of this one individual perpetuating 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 UP individuals with more or less strongly curved 
beaks, and from the destruction of a still larger number 
with the straightest beaks. 

It should not, howeve+, ba overlooked that certain 
rather strongly marked variations, which no one would 
rank aa mere individual differences, frequently recul 
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owing to a similar organisation being similarly acted on 
-of which fact numerous instances could be given with 
our domestic productions. In Such cases, if the varying 
individual did not actually transmit to its offspring its 
newly-acquired character, it would undoubtedly transmit 
to them, as long as the existing conditions remained the 
same, a ylill strunger tendency to vary in the same 
manner. There can also be little doubt that the tendency 
to vary in the same manner has often been so strong 
that all the individuals of the same species have been 
similarly modified without the aid of any form of selec- 

tion. Or only a third, fifth, or tenth part of the indi. 
viduala may have been bhus afl’tcted, of which fact 
several instances could be given. Thus Graba estimates 
that about one-fifth of the guillemots in the Faroo 
Islands consist of a variety so well marked, that it was 
formerly ranked as a distinct species under the name of 
Uria lacrymans. In cases of this kind, if the variation 
were of a beneficial nature, the ori$nal form would soon 
be supplanted by the modified form, through the survival 
of the fittest. 

To the efl’ecm of intercrossing in eliminating variations 
of all kinds, I shall have to recur ; but it may be here 
remarked that most animals and plants. keep to their 
proper homes, and do not needlessly wander about ; we 
see this even with migratory birds, which almost always 
return to the same spot. Consequently each newly- 
formed uariely wuuld ger~erally be at first local, as seems 
to be the common rule with varieties in a state of nature ; 
50 that similarly modified individuals would SOWI exist in 

n small body together, and would often breed together. 
If the new variety were successful in its battle for life, 
it would slowly spread from a central district, competing 
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with and conquering the unchanged individuals on the 
margins of an ever-increasing circle. 

It may be worth while to give another and more com- 
p1c.x illustration of the action of natural selection. 
Certain plants excrete sweet juice, apparently for the 
sake of eliminating something injurious from the sap: 
this is effected, for instance, by glands at the base of the 
stipules in some Leguminosae, and at the backs of the 
leaves of the mmmon laurel. This juice, t,hough small 
in quantity, is greedily sought by insectis ; but their visits 
do not in any way benefit the plant. Wow, let IIS suppose 

that, the juice or nectar was excreted from the inside of 
the flowers of a certain number of plants of any species. 
Jnsects in seeking the nect#ar would get dusted with 
pollen, and wonld nfte.n trnnspnrt it, from one ffnww to 

another. The flowers of two distinct individuals of the 
same species would thus get crossed; and the act of 
crossing, as can be fully proved, give.8 rise to vigorous 
seedlings, which consequently would have the best 
chance of flourishing and surviving. The plants which 
produced flowers with the largest glands or nectaries, 
excreting most nectar, would oftenest be visited by 
insects, and would oftenest be crossed ; and so in the 
long-run would gain the upper hand and form a local 
variety. The flowers, also, which had their stamens and 
pistils placed, in reJ.ation to the size and habits of the 
particular insect which visited them, so CM to favour in 
any degree the Pansportal of the pollen, would likewise 
be favoured. We might have taken the case of insects 
visiting ilowers fur Lhe sltke of oulle~Li~Jg pollen instead 

of nectar ; and as poll& ia formed for the sole purpose 
of fertilisation, its destruction appears to be 8 simple loss 
L;O the plant ; yet if a little pollen were carried, at first 
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occasionally and then Ilabitually,by the pollen-devourin:: 
insects frum flower t.o flower, and 8 cross thus efkked, 
although nine-tenths of the pollen were destroyed it 
might still be a great gain to the pla.nt to be thus robbed ; 
and the individuals which produced more and more 
pollen, and had larger anthers, would be selected. 

When our plant, by the above process long continued, 
had been rendered I@ly attractive to insects, t.bey 
woultl, unjntent~ionally on their part, rc&3rly carry 
pollen from flower to flower; and that they do this 
effecttually, I could easily show by many striking facts. 
I will give only one, as likewise illustrating one step in 
the separation of the sexes of plants. Some holly-trees 
bear only male flowers, which have four stamens produ- 
cing a rather small quantity of pollen, and a rudimentary 
pistil ; other holly-trees bear only female flowers ; t.hese 
have a full-sized pistil, and four stamens with shrivelled 
anthers, in which not a grain of pollen can be detected. 
Having found a female tree esactly sixty yards from a 
male tree, I put the stigmas of twenty Bowers, taken from 
diKerent bran&es, urlder the microscope, and on all, 
without exception, there were a few pollen-gains, and on 
sume a profusion. As the wind had set for several days 
from the female to the male tree, the pollen could not 
thus IIWC been carried. The weather had been cold and 
boisterous, and therefore not favourable to bees, never- 
theless every female flnwer which I examined had been 
effectually fertilised by the bees, which had flovzn from 
tree to tree in search of nectar. But to return to our 
imn$nary case : as soon as the plant had been rendered 
SO highly attractive to insects that pollen was regularly 
carried from flower to flower, another process might com- 
mence. No naturalist doubts the advantage of what has 
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been caIled the “physiological division of labour; ” hence 
we may belicvc that it would be advantageous tw a plant 
to produce stamens alone in one flower or on one whole 
plant, and 1, t 1 lis i s alone in another flower or on another 
plant. In plants under culture and placed under new 
conditions of life, sometimes the male organs and some- 
times the female organs become more or less impotent ; 
now if we suppose this to occur in ever so slight a degree 
nnder nature, then, as pollcm is already carried regularly 
from flower to flower, and as a more complete separation 
of the sexes of our plant would be advantageous on the 
1)rinciple of the division of labour, individuals with this 
tendency more and more increased, would be continually 
favoured or selected, until at last a complete separation 
of the sexes might he effected. It would take up too 
much space to show the various steps, through dimor- , 
phism and other means, by which the separation of the 
sexes in plants of various kinds is apparently now in 
prog;‘leutl; bum I may add that some of t.he species of 
holly in North America, are, according to Asa Gray, in 
an exaetlp intermediate condition, UT, as he expresses it,, 
are more or less dieciously polygamous. 

Let us now turn to the nectar-feeding insects; bvu 
may suppose the plant, of which we have been slowly 
incxgning the nec.tar by continued selection, to be a 
common plant; and that certain insects depended in 
main part on its nectar for food. T conlcl give many 
facts showing how anxious bees are to save time: for 
instaulce, their habit of cutting holes and suclring the 
nectar at the bases of certain flowers, which with a very 
little more trouble, they can enter by the mouth. Bearing 
such facts in mind, it may be believed that under certain 
tiumstances individual differences in the curvature or 
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length of the proboscis, &c., too slight to be appreciated 
by 113, might. profit a bee or other insect, so thrrt certGn 
individuals would be able to obt:).in their food more 
quickly than others, * and thus the communities to which 
they belonged would flourish and throw off many swarms 
inheriting the same peculiarities. The tubes of the 
corolla of the common red and incarnate clovers (Trifo- 
linm pratcnse and inc~matum) do not on a hasty glance 
appear to differ in 1engt.h ; yet the hive-bee can easily 
suck the nectar out of the incarnate clover, but not out 
of the common red clover, which is visited by humble- 
bees alone ; 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 is certain ; for I have repeatedly seen, but only in the 
autumn, many hive-bees sucking the flowers through 
ho1e.s bitten in the base of the tube by humlle-bees. 
The difl’ercnce in the lcn$h of the corolla in the two 
kintls nf clover, which dotermines the visits of the hive- 
lJee, ml& be very trifling ; for I have been assurdd that 
x-tlcn red clover has been momn,tho flowers of the ecconcl 
crop are somewhat smaller, and that these are visited by 
many hive-bees. I do not know whether this statement 
is accurate ; nor whether another published statement 
can be trusted, namely, that the Ligurian bee, which is 
generally considered a mere variety of the common hive- 
bee, and which freely crosses wit,h it, is able to reach and 
suck the nectar of t,ho red clover. Thus, in a country 
rphere this kind of CIOWT abounded, it might be a great 
advantage to the hive-bee to have a slightly longer or 
differently constructed proboscis. On the otherhand, a+q 
the fertility of this clover absolutely depends on bees 
visiting the flowers, if humble-bees mere to become rare in 
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any country, it might be a great advantage to the plant to 
have a shorter or IIKN deeply divided corolla, so that the 
hive-bees should be enabled to suck its flowers. Tlms I 
can understand how a flower and a bee might slowly 
become, either simultaneously or one after the other, 
modified and adapted to each ot,hc?r in the most perfect 
manner, by the continued preservation of all the indi- 
viduals. which presented slight deviations of structure 
mutually favourable to each other. 

I am me11 aware that this doctrine of natural selection, 
exemplified in the above imaginary imtances, is open to 
the same objections which were first urged against Sir 
Charles Lyell’s noble views on “ t,he modern changes of 
the earth, as illustrative of geology ; ” but we now seldom 
hear the agencies whic.11 we see still nt work, spoken of 
as trifling or insignificant, when used in explaining the 
excavation of the deepest valleys or the formation of Ion: 
lines of inland cliffs. Xatural selection acts only by the 
preservation and accumulation of small inllerited modifi- 
cations, each profitahle to the preserved being ; and as 
modern geology has almosL banished such views as the 
excavation of a great valley by a single diluvial wave, 
so will natural selec;lion boninh tllc balief of the continued 
creation of new organic beings, or of any great and sudden 
modifiwtliun in their structure. 

I mu& here intrnduce a short digression. In the case 
of animals and plants with se.parated sexes, it is of course 
obvious that two individuals must always (with the ex- 
ception of the curious and not well understood cases of 
parthenogenesis) unite for each birth ; but in the case af 
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hermaphrodites this is far from obvious. Nevertheless 
there is reason to believe that with all hermaphrodites 
two individuals, either occasionally or habitually, concur 
for the reproduction of their kind. This view was long 
ago doubtfnIly suggested by Sprengel, Knight and 
Kiilreuter. We shall presently see its importance ; but 
I must here treat the subject with extreme brevity, 
though I have the materials prepared for an ample dis- 
cussion. All vcrtcbrat,e animals, all insects, and some 
other large groups of animals, pair for each birth. Modern 
research luau much dil&lislled Llls UUIII~W UC sttyywed 
hermaphrodites, and of real hermaphrodites a large 
number pair ; that is, two individuals regularly unite for 
reproduction,which is all that concerns us. But stillthere 
arc many hermaphrodite animals which certainly do not 
habitually pair, and a vast majority of plants are hcrma- 
phroditcs. What reason, it may be asked, is there for 
supposing in these cases that, two individuals ever concur 
in reproduction 1 As it is impossible here to enter on 
details, I must trust to some. general considerations alone. 

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

10 



120 ON THE INTERCROSSINQ [CIIAI’. Iv. 

On the belief that this is a law of nature, we can, 1 
think, understand several large classes of facts, such as 
the following, which on any other view are inexplicable. 
Every hybridizer knows how unfavourable exposure to 
wet is to the fertilisation of a flower, yet what a multitude 
of flowers have their anthers and stigmas fully exposed 
to the weather! If an occasional cross be indispensable, 
notwithstanding that the plant’s own anthers and pistil 
stand so near each other as almost to insure self-fertili- 
sation, the fullest freedom for the entrance of pollen from 
another individual will explain the above stt~te of espo- 
sure of the org’“ns. Many flowers, on the otlter hand, 
have their orpans of fructificntion closely enclosed, as in 
the great papilionaccolis or pea-family ; but these almost 
invarir~bly proscrlt Ecnutif~ll and curious ndaptaticms in 
relation to the visits of insects. So necessary are the 
visits of bees to many papilionaceous flowers, that their 
fertility is greatly diminished if these visits be prevented. 
Now, it. is srarcely possible for insects to fly from flower. 
to flower, and not to carry pollen from one to the other, 
to the great good of the plant. Insects act like a camel- 
hair pencil, and it is suflicient, to ensure fertilisation, just 
to touchwith the same brush the anthers of one flower and 
then the stigma of another ; but it must not be supposed 
that bees would thlts produce a multitulle of hybrids 
between distinct species ; for if a plant’s own pollen and 
that from another species are placed on the same stigma, 
the former is so prepotent that it invariably and com- 
pletely destroys, as has been sho%n by Gartner, the 
influence of the foreign pollen. 

When the stamens of a flower suddenly spring towards 
the pistil, or slowly move one after the other towards 
it, the contrivance seems adapted solely to ensure self- 
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fertilisation; and no doubt it is useful for this end : but 
the agency of insects is often required to cause the 
stamens to spring forward, as Kiilreuter has shown to be 
the case with the barberry; and in this very gems, which 
8e:ms to have a special cont,rivance for self-fertilisation, 
it is well known that, if closely-allied forms or varieties 
are pIanted near each other, it is hardly possible to raise 
pure seedlil!gs, so largely do they naturally cross. In 
numerous other casts, far from self-fertilisation being 
favoured, there are special contrivances which effectually 
pre\rent the ati,pa receiving pollen from ila uwn flower, 
as I could show from the works of Sprengel and others, as 
we.11 as from my own observations: for instance& Lobelia 
fulgens, there is a really beautiful and elaborate contri- 
vance by whid1 all the infinitely numerous pollcn- 
granules are swept out of the coqjoined anthers of each 
flower, before the stigma of that individual flower is ready 
to receive them; and as this flower is never visited, at 
least in my garden, by insects, it never sets a seed, though 
by placing pollen from one flower on the stigma of another, 
I raise plenty of seedlings. Another species of Lobelia, 
which is visited by bees, seeds freely in my garden. In 
very many other cases, though there is no epecinl me- 
chanical contrivance to prevent the stigma receiving 
pollen from the same flower, yet, as Sprengel, and more 
recently Hildebmnd, and others, have shown, an-d as I 
can confirm, either the anthers bnrst before the stigma 
is ready for fertilisation, or the stigma is ready before 
the pollen of that flower is rctiy, so that these so-named 
dichogamous plants lravt: in LL separated sexes, and 
must habitually be crossed. So it is with the reciprocally 
dimorphic and trimorpbic plants previously alluded to. 
TIom strange are those facts 1 Horn strange that the 
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pollen and stigmatic sdrface of the same flower, though 
plwwl SO clrm together, as if for the very purpose of self- 
fertilisation, should be in so many cases mutua.lly usele~ 
to each other ! How simply are these facts explained 
on the view of an occasional cross with a distinct indi- 
vidual being advantageous or indispensable ! 

If several variet,ies 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 seed- 
ling cabbages from some plants of dllTerent varieties 
growing near each other, and of these only 78 were true 
to their kind, and some even of these were not perfectly 
true. Yet the pistil of each cal)bnge-fl ower is surrounded 
not only by its own six ~LLLJI~WIS IruL Ly those of the many 
other flowers on the same plant; and the pollen of each 
flower readily gets on its own stigma without insect 
agency ; for I have found that plants carefully protected 
from inaccts produce the full number of pods. How, t.hen, 

comes it that such a vast number of the seedlings are 
mongrelized 2 It must nrise from the pnllm of ix dist,inct 
variety having a prepotent effect over tho flower’s own 
pnllen; and that this is part, of the general law of good 
being derived from the intcrcro3sing of distinct indi- 
viduals of the same species. When distinct species are 
crossed the case is reversed, for a plant’s own pollen 
is almost always prepotent over foreign polh~; but to 

this subject we shall return in a future chapter. 
In the case of a large tree covered with innumerahlo 

Bowers, it may bo objected t,hat pollen could seldom bo 
carried from tree to tree, and at most only from flower 
to flower on t,he same trot ; and flowers on the same tree 
can be considered as distinct individuals only in a limited 
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sense. I believe this objectiou to be valid, but that 
nature has large.ly provided against. it by giving to trees 
a strong tendency to bear flowers with separated sexes, 
\Vhen the sexes are separated, although the male and 
fernale flowers may be produced on the same tree, pollen 
must be regularly carried from flower to flower; and this 
will give a better chance of pollen being occasionally 
carried from tree to tree. That trees belonging to all 
Orders have their sexes more ofton separated than other 
plants, I find to be the 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 not hold good in 
Australia; but if most of the Australian trees are 

dichogamous, the same result would follow as if they 
bore flowers with separated sexes. I have made these 
few remarks on trees simply to call attemion to the 
subject. 

Turning for a brief space to atlimals: various terrestrial 
species are hermaphrodit,es, suc.h as the land-rnolluscn 
and earth-worms ; but these all pair. As yet I have 
not found a single terrestrial animal which can fertilise 
itself. This remarkable fact, which offers so strong a 
contrast with terrestrial plants, is intelligible on the view 
of an occasional cross being indispensable ; for owing 
to the nature of the fert.ilising element there are no 
means, analogous to the action of insects and of the wind 
wit 11 plants, by which an occasional cross could be 
Fffected with terrestrial animals without the concurrence 
of two individuals. Of aquatic animals, there are many 
&elf-fertilising hermaphrodites ; but here the currents of 
water offer an obvious means for an occasional cross. /..s 
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in tbe case of flowers, I have as yet failed, after consulta- 
tion with one of the highest authorities, namely, Pmfessnr 
Huxley, to discover a single hermaphrodite animal with 
the organs of reproduction so perfectly enclosed that 
access from without, and the occasional influence of a 
distinct individual, can be shown to be physically impos- 
sible. Cirripedes long appeared to me to present, under 
this point of view, a case of great difticulty ; but I 
have been enabled, by a fortunate chance, to prove that 
two individuals, though both are self-fert,ilising herma- 
phrodites, do sometimes cross. 

It must have struck most naturalists as a strange 
anomaly that,, both with animals and plants, some species 
of the same family and even of the same genus, though 
agreeing closely with each other in t~heir WI I& organisa- 
Lion, are hermaphrodites, and some unisexual. But if, 
i II fact, all hermaphrodites do occasionally intercross, the 
difference between them and unisexual species is, as far 
as function is concerned, very small. 

From these seve.ral considerations and from the many 
special facts which I have ColIected, hut which I am 

unable here to give, it appears that with animals and 
plants an occasional intercross between distinct indi- 
viduals is a very general, if not universal, law of nature, 

&-t.w,mtames jaaournblejor the pocluction of m-w fma 
tkrouqh Natural &e&ion. 

This is an extremely intricate subject. A great amount 
of variability, under which term iudividual differences 
are always included, will evidently be favourable. A 
large number of individuals, by giving a better chance 
within any given period for the appearance of profitable 
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variations, will compensate for a lesser amount of va- 
riability in each individual, and is, I believe, a highly 
important element of success. Though Nature grantsl 
long periods of time for the work of natural selection, she 
does not grant an indefinite period; for as all organic 
beings are striving to seize on each place in the economy 
of nature, if any one species does not become modified 
and improved in a ,corresponding degree with its com- 
petitors, it, will be exterminated. Unless favourablc 
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 has not prevented man from 
forming by selection numerous domest,ic races, why 
&ould it provail agniust natural sclcotion ? 

In the case of methodical selection, a breeder selects 
for some definite object, and if the individuals be allowed 
freely to intercross, his work will completely fail. But 
when many men, wit,hout intending to dtm the breed, 

have a nearly common standard of perfect,ion, and all 
try to procure and breed from the best animals, improve- 
ment surely but slodly follows from this nnconscious 
process of selection, notwithstanding that there is no 
separation of selected individuals. Thus it will be under 
nature; for within a 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 preserved. Rut if the area be large, its 
several districts will almost certainly present different 
conditions of life ; and then, if the same species under- 
goes modification in different districts, the newly-formed 
varieties will intercross on the confines of each. But 
we shall see in the sixth chapter that intermediab 
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varieties, inhabiting intermediate d&&s, will in the 
long rim generally be supplanted by one of the adjoin- 
ing varieties. Intercrossing will chiefly affect those 
animals which unite for each birth and wander much, 
and which do not breed at a very quick rate. Hence 
with animals of this nature, for instance, birds, varie- 
ties will generally be confined to separated countries; 
and this I find to be the case. With hermaphrodite 
organisms which cross only occasionally, and likewise 
with animals which unite for each birth, but which 
wander little and can increase at a rapid rate, a new and 
improved variety might be quickly formed on any one 
spot, and might, there maintain itself in a body and after- 
wards spread, so that the individuals of bhc new variety 
would c1~iefl.y mcm together. On t,llis pinciple, uulsel-y- 

men always prefer saving seed from a large body of 
plants, as the c,hance of intercrossing is thus lessened. 

Even with animals which unite for each birth, and 
which do not propagate rapidly, we must not assume 

that free intercrossing would always eliminate the efrects 
of natural selection ; for I can briug forward a consider- 
able body of facts showing that within the same area, 
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. 

Intercrossing plays a very important part in nature 
by keeping the individuals of the same species, or of the 
Bame variety, true and uniform in character. It will 
obviously thus act far more efficiently with those animals 
which unite for each birth ; but, aa already stated, we 
have reason to believe that occasional intercrosses take 
place with all animals and plants. Even if these take 
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place only at long intervals of time, the young thus 
produced wKU gain so much in v&our and fertility 
over the off,pring from long-continued self-fertilisation, 
r,hat they will have a better chance of surviving and 
propagating their kind ; and thus in the long run the 
icfluence of crosses, even at me intervals, will be great. 
With respect to organic beings extremely low in the 
scale, which do not propagate sexua.lly, nor conjugate, 
and which cannot possibly intercross, uniformity of 
ch&racter can be retained by them under the same 
conditions of life, only through the principle of inherit- 
ance, and through natural selection which will destroy 
any individuals departing from the proper type. If the 
conditions of life change and the form undergoes modifi- 
cation, uniformity of chamc;kr cau be given to the 
modified offspring, solely by natural selection preserving 
sirllilar favourable variations. 

Isolation, also, is an important element in the modifi- 
cation of species throu;;h natural stilection. In a con- 
fined or isolated area, if not very large, the organic and 
inorganic conditions of life will generally be almost 
uniform; so that natural selection will tend to modify 
all the varying individuals of the same species in the 
same manner. Intercrossing with the inhabitants of 
the surrounding districts will, also, be thus prevented. 
Moritz Wagner has lately published an interesting essay 
on this subject, and has shown that the service rendered 
by isolation in preventing crosses between newly-formed 
varieties is probably greater even than I supposed. But 
from reasons already assigned I can by no means agree 
uith this ntiuralist, that migration and isolation are 
necessary elements for the formation of new species. 
The importance of isolation is likewide great in prevent- 
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ing, after any physical change in the conditions, such as 
of climate, clcvation of the I.znd,&c., the immigration of 
better adapted organisms ; and thus new places in 9.0 
natural economy of the district will be left open to te 
filled up by the modification of the old inhabitants. 
Lastly, isolation will give time for a new variety to be 
improved at a slow rate ; and this may sometimes be cf 
much importance. If, however, an isolated area be very 
small, either from being surrounded by barriers, or from 
having very peculiar physical conditions, the total 
number of the inhabitants will be small; and this will 
retard the production of new species through ne.tural 
selection, by decreasin, u the chances of favournble varia- 
tions srising. 

The mere lapse of tirne by itself does nothing, either 
for or against natural selection. I state this because it 
has bee.n erroneously asserted that the element of time 
has been assumed by me to play ati all-important part 
in modifying species, aa if all the forms of life were 
necessarily .undergoing change through some innate 
la-iv. Lapse of time is only a0 far import.ant, .and it6 
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 likewise tends to 
increase t,he direct action of the physical conditions of 
life, in relation to the constitution of each organism. 

If we turn to nature to test the truth of these remarks, 
and look at any small isolated area, such aa an oceanio 
island, although the number of species inhabiting it is 
small, zu we shall see in our chapter on Geographical 
Distribution; yet of these species a very large proportion 
are ende.mic,-that is, have been produced there and 
nowhere else in the world. Hence an oceanic island at 
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first sight seems to have been highly favourable for the 
production of new species. 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 wo are incapable of doing. 

Although isolation is of great importance in the 
production of new species, on the whole I am inclined 
to believe that largeness of area is still more important, 
especially for the production of species which shall prove 
capable of enduring for a long period, and of spreading 
widely. Throughout a great and open area,, not only will 
there be a better chance of favourable variations, arising 
from the lurge number of individuah of the same species 
there supported, but the conditions of life are much more 
complex from the large number of already existing 
species; and if some of these many species become 
modihd nnd improved, others will hnvo to bo improvod 
in a corresponding degree, or they wil1 be exterminated. 
Each new form,also,as soon as it has been much improved, 
will be able to spread over the open and continuous area, 
and will thus come int.0 competition wit,11 many ot,her 
forms. Moreover, great areas, though now continuous, 
will often, owing to former oscillations of level, have 
existed in a broken condition ; so that the good effects oI 
isolation will generally, to a certain extent, have con- 
curred. 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 modi- 
fication wiI1 generally have been more rapid on large areas: 
and what is more important, t,hat the new forms produced 
cu large areas, which already have been victorious over 
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many compet,itors, will be those that will spread most 
widely, and will give rise to the Lmeatest number of new 
varieties and species. They will thus play a more im- 
portant part in the chan,tig history of the organic world. 

In accordance with this view, we can, perhaps, under- 
stand 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 ROW yielding before those of the larger Europzeo- 
Asiatic area. Thus, also, it is that continental produc- 
tions have everywhere become so largely naturalised on 
islands. On a small island, the race for life will have 
been less severe, and there will have been less modifica- 
tion and less extermination. Hence, we can understand 
how it is that the aura of Madeira, acc;oriiing to Otiwnld 
Heer, resembles to a certain extent the ext,inct tertiary 
flora of Europe. All fresh-water basins, taken together, 
make a small area compared with that of the sea or of the 
land. Consequently, the competition between fresll-water 
productions will have been less severe than elsewhere; 
new forms will have been then more slowly produced, and 
old forms more slowly exterminated. And it is in fresh- 
water basins that we find seven genera of Ganoid fishes, 
remnants of a once preponderant order: and in fresh 
water we find some of the most anomalous forms now 
known in the world as the Omithorhynchus and Lepido- 
siren, which, like fossils, connect to a certain extent 
orders at present widely i=mdered in the natural scale. 
These anomalous forms may be called living fossils; they 
have endured to the present day, from having inhabited 
a confined area, and from having been exposed to lese 
vuried, and therefore less severe, competition. 

To snm np, as far as the extreme intricacy of ths 
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subject permits, the circumstances favourable and IIn- 
favourable for the production of new species through 
natural selection. I conclude that for terrestrial produc- 
tions a large continental area, which has undergone many 
oscillations of level, will have been the most fiavourel4e 
for the production of many new forms of life, fitted to 
endure for a long time and to spread widely. Whilst 
the arca existed as a continent, the inhabitants will 
have been numerous in individuals and kinds, and will 
have been subjected to severe competition. When cow 
vertacl by subsidence into large separate islands, t,here 
will still have existed many individuals of the same 
species on each island: intercrossing on the confines of 
the range of each new species will have been checked : 
ctf2er physical changes of any kind, immigation will 

have been prevented, so that new places in the polity of 
each island will have had to be filled up by the modi- 
fication of the old inhabitants; and time will have been 
nllowcd for the varieties in each to become well modified 
and perfected. When, by renewed elevation, the islands 
were reconverted into a continental area, there will 
again have been very severe competition: the most 
favoured or improved varieties will have been enabled 
to spread : there will have been much extinction of the 
less jmproved forms, and the relative porportional num- 
bers of the various inhabitants of the reunited continent 
will again have been changed ; and again there will have 
been a fair field for natural selection to improve still 
further the inhabitants, and thus to produce new species. 

That natural selection generally acts with extreme 
slowness I fully admit. It can act only when there are 
places in the natural polity of a district which can be 
better occupied by the modification of some of its existing 
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inhabitant,s. The occurrence of such places will often 
depend on physical changes, which generally take place 
very slowly, and on the immigration uf better adapted 
forms being prevented. As some few of the old inhabi- 
tants become modified, the mutual relations of others will 
often be disturbed ; and this will create new places, ready 
to be filled up by better adapted forms; but all this will 
take place very slowly. Although all the individuals 
of the same species differ in some slight degree from each 
other, it would often be long before differences of the 
right nature in varioun parts of the organisation might 
occur. The result would often be greatly retarded by 
free intercrossing. Many will exclaim that these several 
causes are amply sufhcient to neutralise the power of 
natural selection. I do not believe so. But I do believe 
that natural selection will generally act very slowly, 
only at long intervals of time, and only on a few of the 
inhabitants of the same region. I further believe that 
these slow, intermittent results accord well with what 
geology tells us of the rate and manner at which the 
inhabit&nts of t,he world have changed. 

Slow though the process of selection may be, if feeble 
man can do much by artificial selection, I can see no 
limit to the amount of change, to the beauty and com- 
plexity of the coaduptstions bet.ween all orgunic beings, 
one with another ar~I with their physical conditions of 
life, which may have been affected in the long course of 
time throu;;h nature’s power of selection, that is bp the 
survival of the fittest, 

Extinction caused by ATat21rnl X&&h. 

This subject will be more fully discussed in our 
chapter cn Geology ; but it must here be alluded to from 
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being intimately connected with natural selection. 
Natural selection acts solely through the preservation of 
variations in some way advantageous, which consequently 
endure. Owing to the high geometrical rate of increase 
of all organic beings, each area is abeady fully stocked 
with inhabitants; and it follows from this, that as the 
favoured forms increase in number, so, genernlly, will 
the less favoured decrease and become rare. Rarity, 
as geology tells us, is the precursor to extinction. We 
can see that any form which is represented by few 
individuals will run a good chance of utter ea&mtion, 
during great fluetuat,ions in the nature of the seasons, 
or from a temporary iucrease in the number of its 
enemies. Hut we may go further than this ; for, as new 
forms are produc&l, unless we aitmit that specific forms 
can go on indefinitely increasing in number, many old 
forms must become extinct. That the number of specific 
forms has not indefinitely increased, geology plainly tells 
us ; and we shall presently attempt to show why it is 
that the number of species throughout the world has 
not become immeasurably great. 

We have seen t,hat the species which are most 
numerous in individuals have the best ehauce of pro- 
ducing 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 diiynsed or 
(lominant species which offer the greatest number of J+ 
r:orded varieties. Hence, rare species will be less quickly 
modified or improved within any given period ; they will 
consequently be beaten in the race fur life by the modified 
and improved descendants of the commoner species 

From these se\-era1 considerations I think it inevitably 
follows, t,hat as new species in the course of time are 
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formed through natural selection, others will becoma 
rarer and rarer, and finally extinct. The forms which 
stand in closest competition with those undergoing 
modification and improvement, will naturally suffer 
most. And we have seen in the chapter on the Strug$e 
for Existence that it is the most closely-allied forms,- 
varieties of the same species, and species UT L~IU same 
genus or of related genera,-which, from having nearly 
the same structure, constitution, and habits, generally 
come into the severest competition with each other; 
aonseyuently, each II~W variety or spocics, during tlx 
progress of its formarion, will generally press hardest on 
its nearest kindred, and tend to ext’erminate them. We 
see the same process of extermination amongst our 
domesticated prodnctions, throllgh the selection of im- 
proved forms by man. Many curious instances cor~ld 
be given showing how quickly new breeds of cattle, 
sheep, and other animals, and varieties of flowers, take 
the plwa of older and inferior kinds. In Yorkshire, 
it, is historically known that the ancient black cattle 
were displaced by the long-horns, and that these “were 
owept away by the short-horns ” (I quote the words of an 
agricultural writer) “ as if by some murderous pestilence.” 

The principle, which I have designated by this term, ig 
of high importance, and explains, as 1 believe, several 
important facts. In the first place, varieties, even 
strongly-marked ones, Though having somowhat of the 
character of species-as is shown by the hopeless 
doubts in many cases how to rank them-yet certainly 
differ fax less from each other than do good and distinct 
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npec.ies. Nevertheless, according to my view, varieties 
are species in the proc.ess of formation, or are, as I 
have called bhem, incipient species. How, then, does the 
lesser digerence between varieties become augmented 
into the greater diflerence between species 1 That this 
does habitually happen, we must infer from most, of tho 
innumerable species throughout nature presenting well- 
marked differences ; whereas varieties, the supposed 
prototypes and parents of fl.d.uro well-marked species, 
present slight and ill-defined difbences. Mere chance, 
ns WC may cull it, might cnuse one mriety to differ ill 
some character from its parents, and the offspring of this 
variety again to difrer from its parent in the very same 
character and in a greater degree; but this alone would 
never account for so h~hitd ant1 large a degree of dif- 
ference as that between the species of the same genus. 

As has always been my practice, I have sought light 
on this head from our domestic productions. We shall 
here find something analogous. It will be admitted 
that the production of races so different as short-horn 
and Hereford cattle, race and cart horses, the several 
breeds of pigeons, &c., could never have been cfrected by 
the mere chance accumulation of similar variations 
during many successive generations. In prsctice, a 
fancier is, for instance, struck by a pigeon having a 
slightly shorter beak ; another fancier is struck by tl 
pigcon having a rather longer beak ; and on the acknom- 
Iedged priuuipk LhL ” &uciers do not and will not admire 
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 enrly period of 

11 
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history, the men of one nation or district required 
swifter horses, whilst those of another required stronger 
and bulkier horses. The early differences would be very 
slight; but, in the course of time, from the continned 
selection of swifter horses in the one case, and of stronger 
ones in the other, the difierences would become greater, 
and would be noted as forming two sub-breeds. Ulti- 
mately, after the lapse of centuries, these sub-breeds 
would become converted into two well-established and 
distinct breeds. As the differences became greater, the 
inferior animals with intermediate characters, being 
neither very swift nor very strong, would not have hex 
used for breeding, and will thus have tended to disappear. 
Here, then, we see in man’s productions the action of 
what may be called the principle of divergence, causing 
differences, at first barely apprecjable,steadily to increase, 
and t,he breeds to diverge in character, both from each 
other and from their common parent. 

But how, it may be asked, can ally analogous prin- 
ciple apply in nature ? I believe it can and does apply 
most efficiently (tllovgh it, was a long time before I saw 
how), from the simple circumstance t,liat the more diver- 
3ifip.d the descendants from any one species become in 
structure, constitut,ion, and habits, by so much will they 
be better enabled to seize on many and widely diver- 
sified 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 habits. Take the case of a carnivorous 
quadruped, of which the number that can be supported 
in any country has long ago arrived at its full average, 
If its natural power of increase be allowed to act, it oan 
succeed in increasing (the country not undergoing any 
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change in conditions) only by its varying descendants 
seizing on places at present occupied by other animals : 
some of them, for instance, being enabled to feed on new 
kinda of prey, either dead or alive ; some inhabiting new 
stations, climbing trees, frequenting water, and some 
perhaps becoming less carnivorous. The more diver- 
sified in habits and structure the descendants of our 
carnivorous animals become, the more places they will 
bc enabled to occupy. What applies to one animal rvill 
apply throughout all time to all animals-that is, if they 
vary-foor ullltirwise r~tllural selection can erect nothing. 
So it will be with plant.~. It has been experimeutally 
proved, that if a plot of ground be sown with one species 
of grass, and a similar plot be sown with several distinct 
genera of grasses,a greattter nnmbcr of plants and a &mater 
weight of dry herbage can be raised in the latter than 
in the former case. The same has been fouud to hold 
good when one variety and several mixed varieties of 
wheat have been sown on equal spaces of ground. 
Heucc, if any one species of grass were to go on varying, 
and t.he varieties were continually selected which differed 
from each other in the same manner, though in a very 
slight degree, as do the distinct species and genera of 
grasses, a grearer number of individual plants of this 
species, including its modified descendants, wouhl 
succeed in living on the same piece of ground. And 
we know that each species and each variety of grass is 
~I~nunIly serving almost countless seeds; and is thu$ 
etriving, as it may be said, to the utmost to increase in 
number. Corlsequently, in the course of luany thousaud 
generations, the most distinct varieties of any one specie3 
of grass would have the best chance of succeeding and 
of increasing in numbers, and thus of supplanting the 
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less distinct varieties ; and varict,ies, When rendered very 
distinct from ee.ch nt,her, take the rank of aper.ies. 

The truth of the principle that the greatest amount o? 
life can be supported by great diversification of structure, 
ie seen under many natural circumstances. In an ex- 
tremely small area, especially if freely open to immigra- 
tion, and where the contest between individual and 
individual must be very severe, we always find great 
diversity in its inhabitants. For instance, I found that 
a piece of turf, three feet by four in size, which had been 
exposed for many years to exactly the same conditions, 
supl~orted twenty species of plants, and these belonged to 
ejghtcen genera and to eight orders, which shows how 
much these plants differed from each other. So it; is with 
the plants and insects WI squall and uniform islets : also in 
small ponds of fresh water. Farmers find that they can 
raise most food by a rotation of plants belonging to the 
most different orders : nature follows what may be called 
n simultancou3 rotation. Most of the animalo and plants 
which live close round any small piece of ground, could 
live on it (supposing its nature not t0 be in any may 

pe.culiar), and may be said to be striving to the utmost 
to live t.here; but, it is seen. that where they come into 
the closest competition, the advantages of diversification 
of structure, with the accompanying differences of habit 
and constitution, determine that the inhabitants, which 
thus jostle each other most closely, shall, as a general 

mle, belong to what we call different genera and orders. 
The same principle is seen in the naturalisation of 

plants through man’s agency in fore&n lands. It migltt 
have been expected that the plants which would succeed 
h becoming naturalised in any land would generally 
have been closely allied to the indigenes ; for these are 



CE‘W. IV.] DIVE;ltGE;NCE OF CIIARACTER. 139 

commonly looked at M specially created and adapted 
for their own cmrntq. It might also, perhnps, have 
been expected that naturnlised plants would have be- 
longed to a few groups more especially adapted to certain 
etations in their new homes. But the case is very dif- 
ferent ; and Alph. de Candolle has well remarked, in his 
great and admirable work, that floras gain by nat.uralisa- 
tion, proportionally with the number of the native genera 
and species, far more in new genera than in new species. 
To give a single instance : in the last edition of L)r. Asa 
~ray’s ‘ Manual of the Flora of the Northern United 
States,’ 260 natural&d plants are enumerated, and these 
belong to 162 genera. We thus see that these naturalised 
plants arc of a highly diversiticd nature. They differ, 
111~r~wr, Lo a large extent, liom the indigenes, for out of 
the 162 naturalised genertt,no less than lc\O genera are not 
there indigenous, and thus a large proportional addition 
is made to the genera now living in the United States. 

IXy considering the nature of the phls or animals 
which have in any country struggled successfully with 
tl~p. intlipnes, and IMVO there become natur&sci9cd, we 
may gain some crude idea in what manner some of the 
natives mollld lli\VC to Ix? modified, in order to gain an 
advautage over their compatriots ; and we may at le&qt 
infer that diversification of structure, ammmting to new 
generic differences, would be profitable to them. 

The aclvantuge of diversification of structure in the 

inhabitants of the same region is, in f&, t,he same a 
tl;at of the physiological division of labour in the organs of 
the same individual body-a subject so well elucidated by 
&lilne IXwards. Ko physiologist doubts that a stomach 
adapted to digest vegetable matter alone, or flesh alone, 
draws most nutrimcnt from these substancea. So in the 
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general economy of any land, the more widely and per- 
fectly the animals 311 d plants are di rersi fi ed for different 
habits of life, so will a greater number of individuals be 
capable of tllere supporting themselves. A set of animals, 
with their organisation but little diversified, could hardly 
compete with a set more perfect.ly diversified in structure. 
It may be doubted, for instance, whether the Australian 
marsupials, which are divided into groups cli!i%rirrg but 
little from each other, and feebly representing, as Mr. 
Waterhouse and others have remarked, our carnivorous, 
ruminant, and rodent mammals, could successfully 
compete with these well-developed orders. In the 
Australian m-tmmzls, we see the process of diversifica- 
tion in an early and incomplete stage of deve.lopment. 

l7w Probabk .E$Cts of the Action of 2\Ttstural Selection 
through Divwpnce of G%wactar and Eictinctim, on 
the Desccndunts of a Common Armstor. 

Aft.er the foregoing discussion, which has been much 
compressed, we map assume that the mod&d descend- 
ants of any one species will succeed so much the better 
ns they bec.ome more diversified in structure, and are 
thus enabled to encroach on places occupied by other 
beings, Xow let us see how this priucil~le of benefit 
being derived from cl‘ l:i~,genco of character, combined 
with the principles of’ natural selection and of errtine. 
tion, thd.s to act. 

The accompanying diagam will aid us in understand- 
i ~2 this rather perplexing subject. Let A to L represent 
the species of a genus large in its own country; these 
species are suppossd to rescuable each other in unequal 
degrees, as is so generally the case in nature, and as is 
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represented in the d&ram by the letters standing at 
uncyuaI. distances. ‘r have said a large genus, because M 
we saw in the second chapter, on an average more species 
vary inlarge genera than in small genera; and the varying 
irpecies of the large genera present a &Teater number of 
occieties. We haye, also, seen that the species, which 
arc the commonest and the most widely diffused, vary 
more than do the rare and restricted species. Let 
(A) be a common, widely-difiused, and varying spec.ies, 
belonging to a genus large in its own country. The 
branc.hing and diverging dotted lines of unequal len$hs 
proceeding from (A), may represent its varying offspring. 
The variations are snpposed to be extremely slight, but 
of the most diversified nature ; they are not supposed ~111 
to appear sixuultaneously, but often afkr luflg i.utervals 
of time ; nor are they aI1 supposed to endure for equal 
periods. Only those variations which are in some way 
profitable will be preserrcd or naturally selected. And 
hwe. the importance of tlw principle of bcncfit d&v@ 
from divergence of character comes in; for this will 
generally lead to the most c3ifYwent or divergent varia- 

tions (represented by the out,er dotted lines) being pre- 
served and accumulated by natural selection. When a 
dotted line reaches one of the horizontal lines, and is 
there marked by a small numbered letter, a sufficient 
amount of variation is supposed to have been accumu- 
lated to form it into a fairly well-marked variety, such a,~ 
would be tllought worthy of record in a systematic work. 

The intervals between the horizontal lines in t,lle dia- 
gram, may represent each a thousand or more genera- 
Cons. After a thousand generations, species (A) is sup- 
pnsed to have produced two fairly well-marked varieties, 
namely n’ and ml. These two varieties will generally 
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still be exposed to the same conditions which mads 
their parents variable, and the tendency to variability is 

in itself hereditary ; consequently they will likewise 
tend to vary, and commonly in nearly the same manner 
as did their parents. Moreover, these two varieties, 
being only slightly modified forms, will tend to inherit 
those advantages which made their parent (A) more 
numerous than most of the other inhabitants of the same 
country; they will also partake of those more general 
advantages which made t,he genus to which the parent- 
species belonged, a large genus in ita own country. And 
all these circumstanc.es are favourable to the production 
of new varieties. 

If, then, these two varieties be variable, tlie most 
divergent of tIleir variations will generally be preserved 
during the next thousand generations. And after this 
interval, variety a’ is supposed in the diagram to have 
produced variety cP, which will, owing to the principle 
of divergence, differ more from (A) than did variety a’. 

Variety rn,l is supposed to have produced two va.rieties, 
namely 7n2 and sas differing from each other, and more 

considerably from their common parent (A). We lnay 

ronti~~nc? the process hy sirtlilar steps fnr any length of 

time; some of the varieties, after each thousand genera- 
tions, producingr only a single variety, but in a more and 
more modified condition, some producing two or three 
rarieties, and some failing to produce any. Thus the 
varieties or modified descendants of the common parent 
(A), will generally go on increasing in number <md 
diverging in character. In the diagram the process is 
represented up to the ten-thousandth generation, and 
under a condensed and simplified form up to the fourteen. 
thousandth generation, 
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But I must here remark that I do not suppose t,hat 
the process ever goca on so rc.gularly 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 unaltered, and 
then ag&in undergoes modification. h’nr do 1 suppose that 
the most divergent varieties are invariably preserved : 
a medium form may often long endure, and may or may 
not produce more than one modified desccndnnt; for 
uaturnl selection will always act according to the nature 
of the places which are either unoccupied or not perfectly 
occupied by other beings ; and this will depend on inii- 
nitcly complex relations. But as a general rule, the 
more diversified in structure the dezceudnnts from any 
one species cau be rendered, the more Flaces they will 
be enabled to seize on, aud the more their modified 
progeny will increase. In our diagram the line of suc- 
cession is broken at reguIar intervals by small numbered 
letters marking t,he auccesaivu fwns which have become 
suifieiently distinct to be record4 as varieties. But these 
breal:s are imaginary, ancl might have been inserled any- 
where., after intervals long enough to allow the nccumula- 
tion of a considerable amount of divcrgcnt variation. 

As all t.he modified descendants from a common and 
wjdely-diff;rsed npe&a, Oclon+g to a large genus, mill 
tend to partake of the same advantages which made their 
parent successful in life, they will generally go on mul- 
tiplying in number as well as diverging in character: 
this is re.presented in the diagram by the se!re.ral 
divergent branches proceeding from (A). The modified 
offspring from the later and more highly improved 
branches in the lines of descent, will, it is probable, often 
take the place of, and so destroy, the earlier and less 
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improved brunc.hes : this is represented in the diagram 
by snme of t.ho lower branches nnt, renching to the upper 
horizontal lines. In some cases no doubt the process of 
modification will be confined to a single line of descent, 
and the number of modified descendants will not be 
increased; althou$~ the amount of divergent modification 
may have been auugmented. This case would be rcprc- 
sented in the diagram, if all the lines proceeding from 
(A) were removed, excepting that from a’ to alo. In the 
same way the English race-horse and English pointer 
have apparently bobh gone on slowly diverging in 
cha.rrtcter from their original stocks, without either 
having given off :q. fresh branches or races. 

After ten thousand generations,species (A) is supposed 
to have producccl three forms, cP,~~“, and wz*“, which, 
from having diverged in character during the successive 
generations, will have come to difkr largely, but perhaps 
unequally, from each other and from their common 
pnrent. If WC suppo~o the amount of change betmee.n 
each horizontal line in our diagram to be excessively 
small, these thrree forms may still be o+ well-marked 
varieties ; but WC have only to suppose the steps in the 
pnw~~ss nf modificat.inn t,n he mnrp. numerous nr grater 

in amount, to convert these three forms illto doubtful or 
at least into well-dcfiued spcc,ies. Thus the diagram 
illustrates the steps by which the small differences 
distinguishing varieties are increased into the larger 
differences distinguishing species. By continuing the 
same process for a greater number of generations (a9 
shown in the diagram in a condensed and simplified 
manner), we get eight species, marked by tbe letters 
between al4 and WL~*, all descended from (A). Thus, as 
1 believe, species are multiplied and genera are fornled 
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In a large genus it, is probable that more than one 
qecico would vary. In the diagram I have assumed 

that a second species (I) has produced, by analogous steps, 
after ten thousand gc.nerations, either two well-marked 
varieties (wr” and 9) or t.wo species, according to the 
tiruount of change supposed tn ho representeci between 
the horizontal lines. After fourteen thousand genern- 
tions, six new species, mn.rked by tile letters da to P, 

are supposed to have been produced. In any genus, 
the species which are already ver,y different in character 
from each other, will generally tenll 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: hence in the 
diagram I have chosen the extreme species (A), and the 
nearly extreme species (I), as those which have largely 
varied, and have given rise to new varieties and species. 
The other nine spccics (marked by capital letters) of our 
original genus, IXL~ for lung but une~qual periods continue 
to transmit unaltered descendants ; and this is shown 
in the diagram by the dotted lines uneyually yrolonged 

upwards. 
But dnring the procoss of modification, represented 

in the Iliagam, 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 at1 vs.nt,age in the 
struggle for life over other forms, there will be a constant 
kndency in the improved descendants of any one species 
tc supplant and exterminate in each stage of descent; 
their predecessors and their original progenitor. For it 
should be remembered that the competition will gene- 
rally be most severe between those forms which are most 
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nearly related to each other in habits, constitution, and 
strncturc. Hcnoo all the intermediate forms between 
the earlier and later states, that is between the less and 
more improved states of the same species, as well as 
the origina parent-species itself, will generally tend to 
become extinct. So it probably will he with many whole 
collateral lines of descent, which will be conquered by 
later and improved lines. If, however, the modified 
offspring of a species get into some distinct country, or 
become quickly adapted to some quite new station, in 
which offspring and progenitor do not come into competi- 
tion, both may continue to exist. 

If, then, our diagram be assumed to represent a con- 
siderable amount of modilication, species (A) and all the 
earlier varieties will have become extinct, being replaced 
by eight new species (u14 to v?~) ; and species (I) will 
be replaced by six (,I4 to 9,) new species. 

But we may go further than this. The original species 
of our gemu were snpposed to resemble each other in 
unequal degrees, as is so generally the case in nature ; 
spec.ies (A) being more nearly related to B, C, and D, 
than to the other species ; and species (I) more to G, 
II, K, L, than to the others. These twn species (A) Rnd 
(I) were also supposed to he very common and widely 
difLsed species, so that they must originally have had 
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 inherited some of the same advantages : they have 
also been modified and improved in a diversified manner 
at each stage of d&cent, so as to have become adapted 
to many related places in the natural economy of their 
country, It seems, therefore, extremeIy probable that 
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they will have taken the places of, and thus exter- 
minated, not only their parents (A) and (I), but likewise 
some of the original species which were most nearly 
re.lated to their parents. Rence very few of the original 
species will have transmitted olrspring to the fourteen- 
thousandth generation. We may suppose that only one, 
(F), of the two species (E and F) which were least closely 
relited to the other nine original species, has transmitted 
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 divergent tendency of natural selection, 
the extreme amount of digerence in character between 
species al* and P will be much greater than t,hat between 
the most distinct of the original eleven species. The 
new species, moreover, will be allied to each other in a 
widely different manner. Of the eil:ht descondsnts from 
(A) the three marked n14, p14, p14, will be nearly related 
from having recently branched OC IIUIU ul“ ; b’*, an,f”, 
from having diverged at an earlier period from a’, will 
be in some degree distinct from the three first-named 
species ; and lastly, P, P, and ne”, will be nearly related 
one to the other, but, from having diverged at the first 
commencement of the process of modification, will be 
widely different from the other five q~cies, and may 
constitute a sub-genus or a distinct genus. 

The six descendants from (I) will form two sub-genera 
or genera. But as the original species (1) dill’ered largely 
from (A), standin, 0 nearly at the extreme end of the 
original genus, the six descenclants from (I) will, owing 
to inheritance alone, differ considerably from the eight 
descendants from (A); the two groups, moreover, are sup- 
posed to have gone on diverging in different directions. 
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The int,ermediate species, also (and this is a very 
important consideration), which connected the original 
species (A) and (I), have a11 become, excepting (F), 
extinct, and have left no descendants. Hence the six 
new species descended from (I), and the eight descen. 
dants from (A), will have to be ranked as very distinct 
genera, or even as distinct sub-families. 

Thus it is, ss I believe, that two or more genera are 
produced by descent with modification, from two or more 
species of the same genus. And the two or more parent- 
species are supposed to be descended from some one 
species of an earlier genus. In our diagram, this is 
indicated by the broken lines, beneath the capital letters, 
converging in sub-branches downwards towards a single 
point ; thk point rcprcecnts a species, the supposed pro- 

genitor of our several new sub-genera and genera. 
It is worth while to reflect for a moment on the 

character of t,he new species F1’, which is supposed not 
to have r1iverl;p.d much in c.hara.ctcr~ hut, tn have retsind 

the form of (F), either unaltered or alt.ered 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 descended from a form which stood 
between the parent-species (A) and (I), now supposed 
to bc cstinct and unknown, it will be i.n some degree 
intermediate in character between the two group2 
desce,nded from these tmo species. Cut as these two 
groups have gone on divcr,ning in character from the 
type of their pa.rents, the new species (P) will not be 
directly intermediate between them, but rather between 
types of the two groups ; and every naturalist will be 
able to call such cases before his mind.. 

In the diogram, each horizontal line has hitherto been 
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supposed to represent a thousand generations, but each 
may represent a millinn or more generations; it may 
dso represent a section of the successive strata of the 
earth’s crust including extinct remains. We shall, when 
we come to our chapter on Geology, have to refer again 
to this sub,ject, and L think WC’. sldl t1~e.u see t.hnt. the 
diagmm throws light on the affinities of extinct beings, 
which, though generally bclongin~ to the same orders, 
famil.ies, or genera, with those now living, yet are often, 
in some degree, intermediate in character between exist- 
ing groups ; and we can understand this fact, for the 
extinct species lived at various remote epochs when the 
branching lines of descent, had diverged less. 

I see no reason to limit the process of modification, 
as ncoy expllsLinall, tu the formation of genera alone. If, 
in the diagram, we suppose the amount of change repre- 
sented by each successive group of diverging dotted lines 
to be great, the forms marked nl* top14, those marked 
7,‘” 3.11 d $14, :md those rnarlied d4 to ml’, will furri~ three 
very distinct genera. We shall also ha.ve two very dis- 
tinct genera descended from (I), diKering widely from 
the descendants of (A). These two groups of genera 
will thus form two distinct families, nr orders, according 
to the amount of divergent modification supposed to be 
represented in the diagram, And the two new fa.miIies, 
or orders, are descended from two species of the original 
genus, and these are supposed to be descended from some 
still more ancient aud 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 
wx form having some advantage over other forms in the 
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struggle for existence, it will chiefly act on those which 
already have some advantage ; and the largeness of any 
grcjup shows that its species have inherited from a 
common ancestor some advantage in common IIence, 
the struggle for the production of new and modifhxl 
descendants will mainly lie between the larger groups 
which are all trying-to increase in number. One large 
group will slowly conquer another large group, reduce 
its numbers, and thus lessen its chance of further varia- 
tion and improvement. Within the same large group, 
the later and more highly perfected 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 gr’)ups and mb-groups will finally disappear. 
Looking to the future, we can predict that the groups 
of organic beings which are now large and triumphant, 
and which are least broken up, that is, which have as 
yet snfferd lea.4 cxtinctinn, will, for 8 lnng pm-id, 

continue to increase. But which groups will ultimately 
prevail, no man can predict; for we know that many 
groups, formerly most extensively developed, have now 
become extinct. Looking stilI more remotely to tho 
future, we may predict that, owing to the continued and 
steady increase of the larger groups,& multitude of smaller 
groups will become utterly extinct, and leave no modified 
descendants ; and consequently that, of the species living 
at any one period, extremely few will transmit descen- 
dants to a remote futurity. I shall have to return to this 
subject in the chapter on Classification, but 1 may add 
that as, according to this view, extremely few of the 
more ancient species have transmitted descendants 
6~ the present day, and, as all the descendants of the 
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same species form a class, WQ can understand how it is 
that there exists so fern classes in each main division of 
the ani.mal and vegetable kingdoms. Although few of 
the most amient species have left modified descendants, 
yet, at remote geological periods, the earth may have 
been almost as well peopled with species of many genera 
f:unilies, orders, and classes, as at the present time. 

On the Dcyree to which Organisntion tcmh to advance. 

Natural Selection acts exclusively by the preservation 
and accumulation of variations, which ar0 beneficial 
under the organic and inorganic conditions to which 
each creature is exposed at all periods of life. The ulti- 
IlrdLU result is that each creature tends to become more 
and more improved in relation to its conditions. This 
improvement inevitably leads to the gradual advance- 
ment of the orgnnisation 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 
e:>f\h other’s satisfaction what is meant by i&l* dvnnce in 
organisdion. Amongst the vertel)rata the degree of in- 
tellcct and an qpro~h in str\lcture to uan clearly ccme 
into play. It might be thought that the amount of 
change which the various part,s and organs pass through 
in their dcveloprnent from the embryo to maturity would 
sul’fice as a stand& of contl~~rison ; but, there are cages, 
as with certain parasitic crustaceans, in which several 
parts of the structure hecome less perfect, so that the 
mature animal cannot be called higher than its larva. 
Van ljaer’s standard seems the most widely applicable 
and the best, namely, the amount of differentiation of the 
parts of the same organic being, in the adult stnte as I 

12 
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should be inclined to add, and their specialisation for 
d&rcnt functions ; or, as Milno Bdwsrds wcuId express 
it, the cornpleteucss of the division of physiolo&nl 
labo11r. But we shall see how obscure this subject is if 
we look, for instance, to fishes, amongst which some 
nxt.uralists rank those as highest which, like the sharks, 
approach nearest to amphibians, . whilst other natural&3 
rank the common bony or teleostean fishes as the highest, 
inasmuch as t,hey are most strictly fish-like, and diflir 
most from the other vertebrate clnsses. We see still 
more plainly the obscurity of the subject by turning to 
plants, amongst which the standard of intcllect is of 
c(JWSC quite eXClUded ; and here some botanists rank 
those plants as llighest which have every organ, as sepals, 
petals, stamens, and pistils, fully developed in each 
Uower ; whereas other botanists, probably wit,h more 
truth, look at the plants which have their several organs 
much modified and reduced in number as the highest. 

If we titko M Llhe stan&ard of high orpnisntion, the 
amount of differentiation and specialisation of tho several 
organs in each being wllcn adult (anal thie will inclurlc 
the advancement of the brain for inteIIectua1 purposes), 
llntural Aoction clearly leads town& this stndard : 
for all physiologists admit that the specinlisation of 
orpns, inasmnr_!ll :I.S in tllis &nut they perform thejr fun+ 
tions better, is an advantage to each being; and hence tl:e 
accumulation of variations tending towards special isation 
is within the scope of natural selection. On the other 
hand, we can see, bearinq in mind that all organic beings 
ar‘t: striving to increase at a high ratio and to seize on 
every’ unoccupied or less well occupied place in the 
economy of nature, that it is quite possible for natural 
selectiou gradually to fit a being to B situat,ion in which 
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several organs would be superfluous or useless : in such 
cases Here would be retrogression in the scale of organi- 
sation. Whether organisation on the whole ha+9 actually 
advanced from t,he remotest geological periods to the 
p~osent day will be more conveniently discussed in our 
chnptor on Gcolog-ical Succession. 

But. it may be objected that if dl organic beings thus 
tend to rise in the scale, how is it that t~hroughllout the 
world a multitude of the lowest forms still exist ; and 
how is it that in p.ar:h pat chss some forms arc far more 
highly developed than others ? Why have not the more 
highly developed forms everywhere supplanted and ex- 
terminated the lower? Lamar&, who believed in an 
innate and inevitable tendency towards pRrfect.ion in all 
organic being?, seems to have felt this dif&nlty so 
strongly, that he was led to suppose that new and simple 
forms are continually being produced by spontaneous 
generation. Science has not as yet proved the truth of 
this belief,mhatever 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 pro:,Prcssive develop- 
menkit only Lakes advantage of such variations as arise 
anil are beneficial to each creature uudcr its complex 
rolutione of life. And it play be asked what advantage, 
as far as we can see, would it be to an infusorisn ani- 
malcule-to an intestinal worm-or eveu to an eartll- 
worm, to be highly oganised. If it were no advantage, 
tllese forms would be left, by natural selection, uniru- 
proved 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 
bfuso;ia and rhizopods, have remained for nn enormous 
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period in nearly their present state. Rut to suppose that 
most of the many now existing low forms hnvo not :n 
the least advanced since the first dawn of life would je 
extremely rash; for every naturalist who has dissected 
some of t,he beings now ranked a.3 very low in the scale, 
must have been stmr.k with their really wondrous and 
beautiful organisation. 

Nearly the same remarks are applicable if we look to 
the different grades of organisation within the same great 
group ; for instance, in the vertebrata, to the co-existence 
of mammals and fish-&nongst mammaIia, to the co- 
existence of man and the ornithorhynchus-amongst 
fishes, to the co-existence of the shark and the lancelet 
(Amphioxus), which latter fish in the extreme simplicity 
of its structure approaches the invertebrate classes. But 
mammals and fish hardly come into competition with 
each other ; the advancement of the whole class of 
mammals, or of certain members in this class, to the 
highest grade would not lead to their tskiug the pli~ce 
of fishes. Physiologists be,lieve that the brain must be 
bathed by warm blood to bo highly aotivo, and this 
requires aEria1 respiration ; SO that warm - blooded 
mammals w-hen inhatiting the water lie under a cIisacI- 
rantage in having to come continually to t,lic surface to 
breathe. Wit 11 fishes, members of the shark faltlily 

would not tend to supplant the lancelet ; for the lancelet, 
as I hear from Fritz 12iiller, has as sole companion and 
competitor on the barren sandy shore of South Brazil, an 
anomalous annelid. The three lowest orders of mam- 
mals, namely, marsupials, ed.cntata, and roclents, co-exist 
in South America in the same region with nzlmerous 
monkeys, and probably interfere little, with each other. 
Although organisation, on t.he whole, may have advanced 
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and be still advancing throughout the world, yet the 
scale will always present many degrees of perfection ; 
for the high advancement of certain whole classes, or of 
certain members of each class, does not at all necessarily 
lead tc 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 
h~tve been preserved to the present day, from inhabiting 
confined or peculiar stat,ions, where they have been sub- 
jected to less severe competition, and where their scanty 
number8 have rctardcd the chance of favouraLle vuria- 
dons arising. 

Finally, I believe that many lowly orianised forms 
now exist throughout the world, from various causes. 
In some cases variations or irldiviclnal differeuccs of a 
favourable nature may never have arisen for natural 
selection to act on and accumulate. In no case, probably, 
has time sufficed for the utmost possible amount of 
development. In some few cases there has been what 
we must call retrogression of organisation. But the 
main cause lies in the fact that under very simple con- 
ditions of life a high organisation would be of no service, 
-possibly would be of actual disservice, as being of a 
more delicate nature, and more liable to be put out of 
order and injured. 

Looking to the first dawn of life, when all organic 
l)eings, as we may believe, presented the simplest struc- 
ture, hw, ii, OILS l~ecn asked, could the first steps in the 
ad\~ancement, or difrercntiation of parts have arisen i 
lrl. IIerLert Spencer would probably answer that, as 
goau ag simple unicellular organism came by growth 
or division to be compounded of several cells, or became 
attached to any supporting surface, his law u that 
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homologous units of any order become difrerentiated in 
proportion as their relations to incident forces become 
different ” would come into action. But as we have no 
facts to guide us, speculation on the subject is almost 
1ISOlCSS. It, is, however, an error to suppose that there 
would be no struggle for existence, and, consequently, 
no natural solcotion, until many forms Lad been pro- 

duced: variations in a single species inhabiting an isolated 
station might he beneficial, and thus t,he whole maSs of 
individuals might be modified, or two distinct forms 
might arise. But, as I remarked towards t,he close of 
t,he Introduction, no one ought, to feel surprise at much 
remaining as yet unexplained on the origin of species, 
if we make due allowance for our profound ignorance 
on tile mutual relations of the illhabitants of the world 
at tlie preseut time, and still more so during past ages. 

ConveTgence of Character. 

Nr. II. C. Watson thinks that I hat-e overrated the 
importance of diverge.nce of character (in which, how- 
ever, 1~3 app’~1~111~ly b&eves), and that convergence, as 
it may be called, has likewise played a part. If two 
ape&s, belonging to two distinct though aIlied genera, 

had both produced a large number of new and divergent 
forms, it is conceivable that thccc might approd~ eacll 

other so closely that they would have all to be classed 
nndrr the smw pms; and thus the descendants of two 

distinct genera would c,onvcrge into one. But it would 
in mgst cases be extremely rash to at.tril-wte to con- 
vergence a close and general similarity of structure in 
Lhe modified descendants of widely distinct forms. The 
shape of a crystal is detcrmiued solely by the molecular 
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forces, and it is not surprising that dissimilar substances 
should sometimes assume the same form; but with 
organic beings we should bear in mind that the form of 
each depends on an infinitude of complex relations, 
namely on the variations which have arisen, these being 
due to causes far too intricate to be foIlowed out,-on 
the nature of the variations which have been preserved 
or selected, and this depends on the surrounding physical 
conditions, and in a still higher degree on the surround- 
ing organisms with wl:ich each being has come into 
competition, and lnstly, on inllcritancc (in itself n 

flnctuatin’g elernellt) from innumerable progenitors, all of 
which have had their forms determined through equally 
complex relations. It. is incredible that the descendants 
of two organisms, which had originally difrered in a 
marked manner, should ever afterwards converge so 
closely as to lead to n near approach to identity through- 
out their whole orgauisation. If this had occurred, we 
sllould meet with the same form, independently of 
genetic connection, recurring in widely separated geo- 
logical formations ; and t.he balance of evidence is opposed 
to any such an admission. 

Mr. Watson has also objected that the continued action 
of natural selectioqtogethcr with divergence of character, 
would tend to make an indefinite number of specific 
forms. As far as mere inorganic conditions are con- 
cerned, it seems probable that a sufficient number of 
s1xaic.s would YWJH bacu~ue ttdit~kd to all cui~sidu;.ihltf 

diversities of heat, moisture, &A. ; but I fully admit that 
the mutual relations of organic kings are more irn- 

port’ant; rind 3s the number of species in auy country 
goes on increasing, the organic condibions of lifo milst 
bec.ome more and nore complex Consequently there 
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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 mamma~la, has not greatly or at al.1 
increased. What then checks an indefinite i&ease in 
the number of species ? The amount of life (I do not 
mean the numbe.r of specific forms) supported on an area 
must have a limit, dqwding sn 1:qcly 35 it does on 
physical conditions ; therefore, if an area be inhabited 
by very many species, each or nearly each species will 
be represented by few individuals ; and such species 
will be liable to extermination from accidental fluctua- 
t’ions in the nature of the seasons or in the number of 
their enemies. The process of extermination in such 
cases would be rapid, whereas the production of new 
species must always be slow. Imagine the exkeme case 
of’ as many species as individuals in En&nd, and the 
Erst severe winter or very dry summer would exter- 
minate thousands on thousands of species. Ilare species, 
and each species will bec.ome rare if the number of 
speciea ill 3.ily cuuulry becomes indefinitely increased, 
will, on the principle often explained, present within a 
given period few favourable -ml-iations j cursei~uently, 
the process of giving birth to new specific forms would 
thus be retarded. When any species becomes very rare, 
close interbreeding will help to exterminate it; author 
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have thought that this comes into play in accounting 
for the deterioration of the Aurochs in Lithuania, of 
Red Deer in Scotland, and of Bears in Norway, &c. 
Lastly, and this I am inclined to think is the most im- 
portant element, a dominant species, which has already 
beaten many competitors in its own home, wiI1 tend to 
spread and supplant many others. Mph. de Candolle 
has shown that those species which spread widely, tend 
generally to spread vq widely ; consequently, they will 
tend to supplant and exterminate several species in 
several areas, and 111uu Aeck the inordinate increase of 
specific forms throughout the world. Dr. IIooker has 
recently shown that in the SE. corner of Australia, 
where, apparently, there are many invaders from dif- 
ferent quarters of the globe, the enclemio Australian 
species have been greatly reduced in number. now 
much weight to attribute to these several considerations 
I will not pretend to say; but conjointly they must 
limit in each country the tendency to an indefinite aug- 
mentation of specific forms. 

Summay of Chapter. 

If under changing conditions of life organic beings 
praent individual differences in almost every part of their 
structure, and this cannot be disputed; if there be, owing 
to their geometrical rate of increase, a severe struggle for 
life at some age, season, or year, and this certainly cannot 
be disputed ; then, considering the infinite complexity 
of ~11e tdit&nv of all vr:anic beings to each other and 
to their ckmlitions of life, causing an infinite diversity 
in structure, constitution, and habits, to be advantageous 
to them, it would be a most extraordinary fact if no 
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variations had ever occur&l useful to each being’s own 
welfare, in the same manner as so many variations have 
occurred useful to man. But if variations useful to any 
orgnnic being ever do occur, assuredly individuals t,hue 
characterised will have t’he best chance of being pre- 
served in the struggle for life ; and from the strong 
principle of inheritance, these will tend to produce 
offspring similarly charactcriscd. This principle of 
preservation, or the survival of the fittest, I have called 
Eatural Selection. 4 It leads to the improvement of each 
creature in relation to its organic ana inorganic condi- 

tions of life; and consequently, in most cases, to what 
must be re.garded as a.11 advance in orgznisntion. Never- 
thclcss, low and simple forms will long endure if well 
fithd f’nr th&r ximplo conditinrls of life. 

Saturn1 selection, on the principle of qualities being 
inherited at corresponding ages, can modify the egg, 
seed, or young, as easily ‘as the adult. Amongst many 
anin&, 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 will also give characters useful tb the 
males alone, in their struggles 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. 

Whether natural selection has really thus acted ia 
adapting the various forms of life to their several concli- 
tions and stations, must be judged by the general tenor 
nncl bnlnnce of evirknce given in L11e fullowing chapters. 

13at we have already seen how it entails extinction ; and 
how lnrgely extinction has acted in the world’s history, 
geology pl ai rely declares. h’aturnl selection, also, leads 
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to divergence of character; for the more organic beings 
diverge in structure, habits, and constitution, by so 
much the more can a large number be supported on the 
#area, -of which we see proof by looking to the inhabit- 
ants of any small spot, and to the productions natural&d 
in fore+ lands. Therefore, during the modiiication of 
the descendants of any one species, and durirlg the 
incessant struggle of all species to increase in numbers, 
the more diversified the descendants become, the better 
will be their chance of success in t,hc battle for life. 
Thus the small difI&xxcu distinguishir~g vadeties of the 
same spcc.ics, steadily tend to increase, till they equal 
the greater differences between species of the samo 
genus, or even of distinct genera. 

TV6 have seen that it is the common, the widely-diffuscc1 
and widely-ranging species, belonging to the larger 
genera wibhin each class, which vnry most ; and these 
tend to transmit to their modified offspring that superi- 
ority which now makes them dominant in thr.ir own 
countries. Kattural sclcction, as has just been remarked, 
leads to divergence. of character nrd to much extinction 
of the less improved and int,ermcdiate forms of lift. 
On these principles, the nature of the aflinities, and the 
generally well-detined distinctions between the innumer- 
able organic beings in each class throughout the world, 
may be explained. It is a truly wonderful fact-the 
wonder of which we are apt to overlook from familiarity 
-tllnt all animals and all plants throughout all time 
ml space should be related to each other in groups, sub- 
ordinate to groups, in the mnnner which WC everywhera 
behold--namely, varieties of the same species most 
closely related, species of the same genus less closely and 
unequally related, forming sections and sub-genera, 
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species of distinct genera much less closely related, and 
genera related in different degrees, forming sub-families, 
families, orders, sub-classes and classes. The several 
subonlinatc groups in any class cannot be ranked in a 
single file, but seem clustered round points, and these 
round other points, and so on in almost endless cycles. 
If species had been independently created, no explana- 
tion would have been possible of this kind of classifica- 
tion ; but it is explained through inheritance and the 
complex action of natural selection, entailing extinction 
and divergence of character, CLY wu have seen illustrated 
in the diqram. 

The affinities of all the beings of the same class have 
somctimcs been represented by a great tree. I brlievc 
this simile largely spe&s the truth. The green and 
budding twigs may represent existing species ; and those 
produced durin g former years may represent the long 
succession of extinct species. At each period of gowth 
all the growing twigs have tried to branch out nn all 
sides, and to overtop and kill the surrounding twigs and 
branches, in the same manner as species and groups of 
species have at all times overmastered other species in 
the great battle for life. The limbs divided into great 
branches, and these into lesser and lesser branches, were 
tllc:nselves once, when the tree was young, budding 
twigs; and this connection of the former and present 
burls by ramifying branches may well represent the 
classification of all extinct and living species in groups 
subor~linate to groups. Oi the many twigs which 
fluulished w11cu LIE Lrtx was a mere bush, only two or 
three, now grown into geat branches, yet survive and 
boar the other branches ; so with the species which lived 
during long-past geological periods, very few have left 
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living and modified descendants. From the first growth 
of the tree, many a limb and branch has decayed and 
dropped off; and these fallen branches of various sizes 
may represent those whole orders, families, and genera 
which have now no living rep?esentatives, and which 
are known to us only in a fossil stato. As we here and 
there see a thin straggling branch springing from a fork 
low down in a tree, and which by some chance has been 
favourcd and is still alive on its summit,so we occasionally 
see an animal like the C)rnithorhynchus or Lepidosiren, 
whiclk in some smnlI degee connects bp its affinities two 
large branches of life, and which has apparently been 
saved from fatal competition by having inhabit.ed a 
protected station. As buds give rise by growth bo fresh 
buds, and l&se, if yigorous, branch out ad overtop 0x1 
all sides many a feebler branch, so by generation I 
believe it has been with the great Tree of Lil’e, which fills 
with its dead and broken branches t.he crust of the 
on&. and covers the surface with its ever-branching 
and beautil’ul ramifications. 
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EXccta of changed condit.ions-Use and disuse, combined with 
natural selection ; organs of flight and of vision--Acolimatisntion 
-Correlated variation-Compensation and economy of prowth- 
False correkliorls-~~ultiljle, rudimentary, and lowly organised 
structnres vari.ahle-l’arts dcvrloped in an unusnnl manner are 
highly variable : specific characters n!ore vari IMe ~h:m gcncric: 
sccondtry scxna: chnmcfcrs variahlc-Species of the same genus 
vary in an analogous manner-Reversions to long-lost characters 
-Summary. 

I IIAVE hitherto sometimes spoken as if the variations 
-so common and multiform with organic beings under 
domestici-ltion, and in a lesser degree with those under 
nature-were clue to chance. This, of course, is a 
wholly incorrect expression, but it serves to acknow- 
ledge plainly our ignorance of the cnuee of each 
particular vnriation. Some snthors lxlicve it to be as 
much the function of the reproductive system to 
prn~lurd iuclividunl differonccs, or sliglrt deviations of 
structure, as to make the chiId like its parents. But 
the fact of vnriations anr-l mnnstrosities occurring mu& 
more frcquentlp under domestication than under 
natum, and the greater variakrility of species having 
wide myea than of those with restricted ranges, lead 
to the conclusion that variability is generally related 
to the conditions of life to which each species has been 
esposcd during several successive generations. In 
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the first chapter I attempted to show that changed 
cnndit,inns act in twn wa.ys, directly on the whole 
organisation or on certain parts alone, and indirectly 
through the reproductive system. In al1 cases there 
are two factors, the nature of the orgLsm, which is 
much the most important of the two, and the nature 
of the con&ions. The direct a&ion of changed con- 
ditions lcatls to Minitc or indefinite results. In the 
latter case the organisation seems to become plastic, 
and we have much fluctuating variability. Tn the 
former case the nature of the organism is such that 
it yields readily, when subjected to certain conditions, 
aud all, or nearly all the individuals become modified 
in bhe same way. 

IL iu va:ry &Kioult tu de.uidu how far changed con- 
ditions, such ag of climate, food, kc., have acted in 
a definite manner. T’hcre is reason to bel.icve that in 
the course of time the eir’ects have been greater than 
can be proved by clenr evidence. But we m-y safely 
conclude that the innumerable complex co-adaptations 
of strnctura, which we SW thmgl~~~l~t nat.nre betwvoen 
various organic beings, cannot be attributed simply to 
such action. In the following cases the conditions 
seem to have produced some slight definite effect: E. 
Yorbes asserts that shells at their southern limit, and 
when living in shallow water, are more brightly 
coloured than those of the same species from further 
north or from a greater depth; but this certainly does 
not always hold good. Mr. Gould believes t.llat birds 
of the same species are more brightly coloured under a 
clear atmosphere, than when living near the coast or 
on islauds , and Wollaston is ~onvirlced that residence 
near the sea affects the colours of insects. 1foquin- 
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Tandon gives a list of plants which, when growing 
near the sea-shore, have their leaves in some de&Tot? 
fleshy, though not elsewhere fleshy. These slightly 
varying organisms are interestming in as far as they 
present characters nr~alogous Jo those possessed by the 
species which are confined to similiar conditions. 

When a variation is of the slightest use to any being, 
wo cannot tell how much to attribute to the accurnula- 
tive action of natural selection, and how much to the 
definite action of the condit,ions of life. Thus, it is well 
known to furriers that animals of the same species 
have thicker and better fur the further north they 
live ; but who can tell how much of this difference 
may be due to the warmest-clad individuals having 
1~~32 favourcd and prcservail during many generations, 
and how much to the action of the severe climate ? for 
it wo:~ld appear that climate has some direct action on 
the hair of our domestic quadrupeds. 

Instanrm conId be given of oiuilar varieties b&g 
prodnccd from the same species under external con- 
ditions of life as diflerent R.9 can well be conccivcd; 
and, on the other hand, of dissimilar varieties being 
produced under apparently the same euternsl con- 
ditions. Again, innumerable instances are known to 
every naturalist,, of species keeping true, or not varying 
at all, although living under the most opposite climates. 
Such considerations as lbese incline me to lay less 
rreight on the c1irec.t action of the surrounding con- 
ditions, than on a tendency to vary, due to causes of 
which we are quite ignorant. 

In one sense the conditions of life may be said, not 
only to canse variability, either directly or indirectly, 
hut likewise to include naturlil selection, for tL3 
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conditions determine whether this or that variety shall 
survive. But when man is the selecting agent we 
clearly see that the two elements of change are 
distinct; variability is in some manner excited, but it 
is the will of man which accumulates the variations in 
certain directions; and it is this latter agency which 
answers to the survival of the fittest under nature. 

Efeets of the ihweased Use and Disuse of Parts, as 
coni7vlled l2.y Ndural d!Yelection.. 

From the facts allulled to in the first chapter, I think 
there can be no doubt that use in our domestic animals 
has strengthened and enlarged certain parts, and disuse 
diminished them ; aud that such modifications are 

inherited. Under free nature, we have no standard 
of comparison, by which to judge of the effects of long 
continued use or disuse, for we know not the parent- 
forms ; but many animals possess structures which can 
be best explaiued by the effects of disuse. As Professor 
Owen has remarked, t,here is no greater anomaly in 
nature than a bird that cannot 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 nearly the same condition as the 
domestic Aylesbury duck : it is a remarkable fact that 
the young birds, according to Mr. Cunningham, can fly, 
while the adults have lost this power. As the larger 
ground-feeding birds seldom take flight except to 
escape danger, it is l~r-ul~able that Lhe 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 

13 
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indeed inhabits continents, and is exposed to danger 
from which it, cannot escape by flight,, but it can defend 
itself by kic.kin g its enemies, as efficiently as many 
quadrupeds. We may believe that the progenitor of 
the ostrich genus had habits like those of t,he bustard, 
and that, as the size and weight of its body were 
increased during successive generations, its legs mere 
used more, and its wings less, until they became 
incapable of flight. 

Kirby has remarked (and I have observed the same 
fwb) LhaL L11e srnleriur larsi, or feet, of many male 
dung-feeding beetles are often broken off; he examined 
seventeen specimens in his own collection, and not one 
had even a relic left. In the Onites apelles the tnrsi 
WG so balitually lost, tllnt the insect has been dcxribcd 
as not having tlieln. In sc’me other genera they are 
present, but in a rudimentary. condition. In the 
Ateuchus or sacred beetle of the Egyptians, they are 
totally deficient. The evidence that accidental muti- 

lations can be inherited is at present not decisive; but 
the remarkable cases observed by Brown-SQquard in 
guinea-pigs, of the inherit,ed effects of operntious, 
should make us cautions in denying this tendency. 
Hence it wiI1 perhaps be safest to look at the entire 
absence of the ant,erior tarsi in Ateuchus, and t,heir 
rudimentary condition in some other genera, not as 
cases of inherited mutilations, but as due to the effects 
of long-continued disuse; for as many dung-feeding 
beetles are generally found with their tarsi lost, this 
must happen early in life ; therefore the tarsi cannot 
be of much importance or be much used by these 
insects. 

In some cases we might easily put down to disuse 
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modificatiGas of structure which are wholly, or mainly, 
due to natural selection. Mr. Wollaston haas d&cove& 
the remarkable fact that 200 beetles, out of the 660 
species (but more are now known) inhabiting Madeira, 
812 so far deficient in wings that they cannot fly ; and 
that, of the twenty-nine endemic gennra., no less than 
twenty-three have all tbcir species in this condition! 
Several facts,-namely, that beetIes in many parts of 
the world are frequently Mown to sea and perish; that 
the beetles in Madeira, as observed by Mr. Wollaston, 
lie much concealed, until the wind lulls and the sun 
sltiuc?s ; that the proportion of wingless beetles is larger 
on the exposed Desertas than in Madeira itself; and 
especially the extraordinary fact, so strongly insisted on 
by Mr. Wollaston, that certain large poups of beetles, 
elsewhere excessively numerous, which absolutely 
require t,he. use of their win&, are here almost entirely 
absent ;- these several considerations make me believe 
that the win$css condition of sv zany Madeira beetles 
is mainly due to t,hc action of natural selection, 
combined probably with disuse. For during Mary 
successive generations each individual beetle which flew 
lea.at, either from its wings having been ever eo littIc: 

less perfectly developed or from indolent habit, will 
have had the best chance of surviving from net being 
blown out to sea ; and, on the other hand, those beetles 
which most readily took to flight would oftencst hnvo 

boen blown to sea, and thus destroyed. 
The insecta in Madeira which are not pound-feeders, 

and which, as certain flower-feeding coleoptera and 
iepidoptcra, must habitually use their wings to gain 
their subsistence, Lave, as Mr. Wollaston suspects, 
t,hcir wings not at all reduced, but even enlarged. Thi, 
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is quite compatible with the action of natural selection. 
For when a new insect first arrived on the i&nd, the 

tendency of natural selection to enlarge or to reduce the 
wings, would depend on whether a greater number 1.1 
individuals were saved by successfully battling with te 
winda, or by giving u p the attempt and rarely or never 

flying. As with mariners shipwrecked near a coast, it 
would have been better for the good swimmers if they 
had been able to swim still further, whereas it would 
have been better for the bad swimmers if they h3.d not 

been able to swim at all and had stuck to the wreck. 
The eyes of moles and of some burrowinprr rodents are 

rudime.ntary in size , and in some cases are quite 
covered by skin and fur. This state of the eyes is 
probably due to gradual reduction Srom disuse, but 
aided perhaps by natural selection. In South America, 
a burrowing rodent, the tuco-tuco, or Ctenomys, is even 
more subterranean in its habits thau the mole; and I 
was assured by a Spaniard, who had often caught them, 
that they were frequently blind. One which I kept 
alive was certainly in this condition, the cause, as 
appeared on dissection, having been inflammation of the 
&titating membrane. A f s requent i~ilammuliun uf the 

eyes must be injurious to any animal, and as eyes are 
ccrttiinly not nccesssry to animalo having subterranenn 

habits, a reduction in their size, with the adhesion of 
the eyelids and growth of fur over them, might in sucll 

case be an advantage ; and if so, natural selection wou Id 
aid the effects of disuse. 

It is well known that several animals, belonging to 
the most different classes, which inhabit the caves of 
Carniola and of Kentucky, are blind. In some of the 
craLs the foot-stalk for the eye remains, though the eye 
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is gone ;-the stand for the telescope is there, though 
the telescope with its glasses has been lost. As it is 
diticult 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 af the 
blind animals, namely, the cave-rat (n’eotoma), two of 
which were captured by Professor Silliman at above 
half a mile distance from the mouth of the cave, and 
therefore not in the profoundest depths, the eyes were 
lustrous and of large size ; and these animals, as I am 
informed by Professor Silliman, after having been 
exposed for about a month to a graduated light, 
acquired a dim perception of objects. 

It is difficult to imagine conditions of life more 
similar than deep limestone caTTerns under a nearly 

similar climate ; so that, in accordance with the old 
view of the blind animals having been separately 
created for the American and European caverns, very 
close similarity in t,hnir nrgmisdinn md affinities 

might have been expected. This is certainly not the 
case if we look at the two whole faunas ; and with 
rcspcct to the insects alone, SchiGdte has remarked, 
I( We are accordingly prevented 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 Camiola, otherwise than as a very 
plain expression of that analogy which subsists 
generally between the fauna of Europe and cf North 
America.” On my view we must suppose that, 
American animals, having in most cases ordinary 
ljowers of vision, slowly migrated by successive 
generations from the outer world into the deeper and 
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deeper recesses of the Kentucky caves, as did European 
animals into the caves of Europe. We have some 
evidence of this gradation of habit; for, as Schiiidte 
remarks, “ We accordingly look upon the subterranean 
faunas as small ramifications which have per1etrate.d 
into t,he earth from the gcogaphically limited faunas 
of the adjacent tracti, and wldch, as t,hey extended 
themselves into darkness, have been accommodated to 
surrounding c.ircumstances. Animals not far remote 
from or&nary forms, prepare the transition from light 
to darkness. Next follow t,hose that are constructed 
for twilight; and, last of all, those destined for total 
tlarkness, and whose formation is quite peculiar.” 
These remarks of SehZlte’s, it should be nuderstood, 
apply not to the same, but to distiucl species. By the 
time that an animal had reached, after numberless 
generations, the deepest recesses, disuse will on thi.s 
view have more or less perfectly obliterated its eyes, 
a.nrl nnt.nrd selection will often have cffoetcd other 
chsmges, such as an increase in the length of the 
antenna or palpi, as a compPnsatinu for blindness. 
Kotwithst~anding such modifications, we might expect 
still to see in the cave-animals of America, aifinitiw tn 
the other inhabitants of that continent, and in those of 
tinrope to the inhabitants of the European continent. 
And this is the case with some of the American 
cave-animals, as I hear from Professor Dana ; and some 
of the European cave-insects are very closely allied to 
those of t,hc surrounding country. It would be difkult 
to give any rational explanation of the afinities of the 
blind cave-animals to the other inhabitants of the two 
continents on the ordinary view of their independent 
creation. That several of the inhabitants of the caves 
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of the Old and New Worlds should be closely related, 
we might expect from t,he well-knnwn relat,ionsllip of 
most of their other productions. As a blind species of 
Bathyscia is found in abundance on shady rocks far 
from caves, the loss of vision in the cave-species of this 
one genus has probably had no relation to its dark 
habitation ; for it is natural that au insect already 
deprived of vision should readily become adapted to 
dark caverns. Another blind genus (Anophthalmus) 
offers this re:narkable peculiarity, that the species, as 
hlr. JImray obscrvcs, have not as yet been found 
anywhere except in caves; yet those which inhabit the 
several caves of Europe and America are distinct; but 
it is possible t,bnt the progenitors of these several 
ripwieH, wl~ilst they were furnished with eyes, may 
formerly have ranged over both continents, and then 
have become extinct, excepting in their present 
secluded abodes. Far from feeling surprise that some 
of the cave-animals should 120 vc~y anomalous, 5~9 

Agassiz has remarked in regard to the blind fish, the 
Amblyopsis, and ag is the case with the blind Proteus 
with reference to the reptiles of Europe, I am only 
surprised that more wrecks of ancient life have not 
been preserved, owing to the less severe competition to 
which the scanty inhabitants of these dark abodes will 
have been exposed. 

Acclimatkation. 

Habit is hereditary with plants, as in the period of 
flowering, in the time of sleep, in the amount of rain 
rquisite for seeds to germinate, kc., and this loads 
me to say a few words on acclimatisdtion. As it is 
extremely common for distinct species belongin,o to the 
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same genus to inhabit, hot and cold countries, if it 
be true that all the species nf the same gcnns aw 
descended from a single parent-form, acclimatisation 
must be readily effected during a long course of descent. 
It is notorious that each species is adapted to the 
climate of its own home : species from an arctic or even 
from a temperate region cannot endure a tropical 
climate, or conversely. So again, many succulent 
plants caunot 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 inability to predict whether or not an 
imported plant will endure our climate, and from the 
number of plants an<1 animals brought from different 
countries which are ham perfectly hedthy. We have 
reason to believe that species in a state of nature are 
closely limited in their mnges by the competition of 
other organic beings quite as much as, or more than, by 
adaptation to particular climates. But whether or not 
this adaptation is in most cases very close, we have 
evihme with snme few plants, of their becoming, to D 
certain extent, naturally habituated to different tempera- 
tures ; that is, they become acclimatisecl : thus t.hp. pines 
and rhododendrons, raised from seed colleetcd by Dr. 
IZooker from the sarne species growing at different 
hcigllts on the Himalaya, were found to possess in this 
country different constitutional powers of resistin:: cold. 
Mr. Thwaites informs me that he has observed similar 
facts in Ceylon ; analogous observations have been made 
by Mr. H. C. Watson on European species of planti 
brought from the Azores to England ; and I could give 
other caes. In regard to animals, several authentia 
instances could be adduced of species having largely 
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extended, within historical times, t,heir range from 
warmer t,n mn1p.r latitudes, and conversely; but we do 
not positively know that these animals were strictly 
a.dapted to their native climate, though in all ordinary 
cases we assume such to be the case ; nor do we know 
that they have subsequently become specially acclima- 
tised to their new homes, so as to he better fitted for 
them than they were at first. 

As we may infer that our domestic animals were 
originally chosen by uncivil&d man becnuse they were 
useful and because they bred readily under coniinement, 
and not because they were subsequently found capable 
of far-extended transportation, the common and extra- 
ordinary capacity in our domestic animals of not only 
wiLLIsLarding Lha musL diGxenL olim&au, but of being 
lrerfectly fertile (a far severer test) under them, may be 
used as an argument that a large proportion of other 
animals now in a state of nature could easily be brought 
to bear widely diffbrent climates. We must not, how- 
ever, push the foregoing argument too far, on account of 
the prchhle origin rd some nf cur dome&c auimals 
from several wild stocks; the blood, for instance, of a 
tropical and arctic wolf may perhaps be mingled in our 
domestic breeds. The rat and mouse cannot be con- 
sidered as domestic animals, but they have been trans- 
ported by man to many parts of the world, and now 
leave a far wider range than any ot,ller rodent ; for they 
live under t,he c.old climate of Faroe in t,he north alld of 
the Yalklands in the south, and on many an island in 
the torrid zones. Hence adaptation to any special 
climate may be looked at aa a quality readiIy grafted on 
an innate wide flexibility of constitution, common to most 
animals. On this view, the cn.pacity of endaring the 
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most different climates by man himself and by his 
domestic animals, and the fact of the extinct elephant 
and rhinoceros having formerly endured a glacial 
climate, whereas the living species are now all tropical 
or sub-tropical in their habits, ought not to be looked 
at as anomalies, but as examples of a very common 
flexibility of constitution, brought, under peculiar cir- 
cumstances, into action. 

How much of the acclimatisation of species to any 
peculiar climate is due to mere habit., and how much to 
the natural selection of varieties having different innate 
constitutions, and how much to both means combined, 
is an obscure question. That habit or custom 11~s some 
influence, 1 must believe, both from andqy and from tha 
incessarll advice given in agricultural works, even in 
the ancient Encyclopedias of China, to bo very cnutions 
in transporting animals from one district to another. 
And as it is not likely that man should have succeeded 
in selecting so many breeds and anb,brccds with 
constitutions specially fitted for their own districts, the 
result must, I think, be clue to habit. On the other 
hand, natural selection would irlevitnbly tend to 
l,rcscrve those individunls which were born with ~II- 

stitutions best adapted to ally country which they 
inlxtbited. In treatises on many kinds of cultivnt,cd 
plauts, cert,nin varieties are said to withstand certain 
climates better than others ; this is strikingly sho~q in 
works on fruit-t.rees published in t.he United States, in 
which certain varieiies are habitually recommended for 
the northern and others for the southern States ; and as 
most of these vn.rit!ties are of recent origin, they cannot 
owe their constitutional diff’erences to habit. The case 
of the Jerusalem artichoke, which is never propagated 
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in England by seed, and of which consequently new 
varieties ha~e not been produced, has even been 
advanced, as provin, (7 that acclimatisation cannot be 
erected, for it is now as tender as ever it was I The 
case, also, of the kidney-bean has been often cited for a 
similar purpose, and with much great,er weight; but 
until someone will sow, during a score of generations, 
11% kidney-beans EO early that a very large proport.ioo 
arc destroyed by frost, and then collect seed from the 
few survivors, with care to prevent accidental cro;ises, 
and then again get seed from these SWUJJ~~, wiLlt Llit: 

same precautions, the experiment cannot be said to have 
been tried. Nor let it, be supposed that differences in 
the constitution of Seedling kidncy-beans never appear, 
for an account haa been pul&sld how much more 

hardy some seedlings are than others; and of this fact 
1 have myself observed striking instances. 

On the whole, we may conclude that habitN, or use and 
disuse, have, in some cases, played a considerable part 
in the modification of the constitut,ion and structure ; 
but that the effects have 0fte.n been largely combined 
with, and sometimes overmastered by, tho natural selec- 
tion of innate variations. 

Corrolatod TGariatim. 

I mean by this expression that the whole organisotion 
is so tied together during its growth and development, 
tl~at when slight variations in any one part occur, and 
are accumulated through natural selection, other yarbs 
1 become modified. This is a very important subject, 
most imperfectly understood, and no doubt wl~olly 
diKerent classes of facts may be here easily confounded 
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together. We shall presently see that simple inheri- 
tance often gives the false appearance of correlation. 
One of the most obvious real cases is, that variations of 
structure arising in the young or larvae naturally tend 
to affect the structure of the mature animaL The 
several parts of the body which are homologous, and 
which, at an early embryonic period, are identical in 
structure, and which are necessarily exposed to similar 
conditions, seem eminently liable to vary in a like 
manner : we ‘see this in the right and left sides of the 
body varying in the same manner ; in the front and hind 

legs, and even in the jams and limbs, varying together, 
for the lower jaw is believed by some anatomists to be 
homologous with the limbs. These tendencies, I do not 
doul~t., mny be mastered more or less completely by 

natural Aection ; thus a family of stags ouce existed 
with an antler only on one side; and if tllis had been 
of any great use to the breed, it might probably have 
been rcndercd permanent by selection. 

Homologous parts, as has been remarked by some 
authors, tend to cohere ; this is often seen in monstrous 
plants : and nothing is more common than the union of 
homologous parts in normal structures, as in the union 
of the petals into a tube. Hard parts seem to affect the 
form of adjoining soft parts; it is believed by some 
authors that with birds the diversity in the shape of the 
pelvis causes t,he remarkabIe diversity in the shape 01 
their kidneys. Others believe that the shape of the 
pelvis in the human mother influences by pressure the 
shape of the head UP llle d&l. III snakes, according to 

Schlegel, the form of the body and the manner of swall.ow- 
ing determine the position and form of several of the 
most important viscera, 
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The nature of the bond is frequently quite obscure. 
%I. Ia. Geoffroy St. II&A-e has forcibly rcmarkcd, that 
certain malconformations frequently, and that others 
rarely, co-exist, without our being able to assign any 
reason. What can be more singular than the relation 
in cats hetwern complete whiteness and blue eyes with 
deafness, or between the tortoise-shell dour and the 
female sex ; or in pigeons between their feathered feet 
and skin betwixt the outer toes, or between tha 
presence of mdore or less down on the young pigeon 
when first hatched, with the future colour of its 
plumage ; or, again, the relation between the hair and 
teeth in the naked Turkish clog, though here no doubt 
homology comes into play ? With respect to this latter 
case of correlation, 1 t,hink it can hardly be accidental, 
that the two orders of mammals which are most 
abnormal in their dermal covering, viz., Cetacea 
(whales) and Edentata (armadilloes, scaly ant-eaters, 
&XL), are likewise WI ~hc: whult: ~ht: must abnormal in 
their teeth; but there are so many exceptions to this 
rule, as Xr. Mivart has remarked, that it has littIc 
value. 

I know of no case better adapted to show the impor- 
tance of the laws of correlation and variation, indepen- 
rlently of utility and tlhwp.fow nf natural selection, than 
that of the difference between the outer and inner 
flowers in some Composit.ous and Umbelliferous plants. 
Every one is familiar with the difference between tile 
ray and central florets of, for instance, the daisy, anJ 
this difference is often accompanied with the partial or 
complete abortion of the reproductive organs. But in 
some of these plants, the seeds also differ in shape 
allJ sculpture. These differences have sometimes been 
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attributed to the pressure of the invo1uc.m on tile 
florcts, or to their mutual pressure, and the shape of the 

seeds in the ray-flore.ts of some Compositre countenances 
this idea; but with the Umbelliferre, it is by no means, 
as Dr. Hooker informs me, the species with the dense% 
heads w-hi& most frequently differ in their inner ~tlrcl 
outer fllJWCrS. It might have been thought that the 
development of the ray-petals by drawing nourishment 
from the reproductil-e organs causes their abortion ; but 
this can hardly be the sole cause, for in some Composite: 
the seeds of the outer and inner florets differ, without 
any dificre.nce in the corolla. Possibly these several 
differences may be connected with the diirerent ff ow of 
nutriment towards the central and external flowers : WC 
know, at lcast, that, with irregular flowers, those nearest 
to t,he axis are most subject to pcloria, that is to 
become abnormally symmetrical. I may add, as an 
instance of this fact, and as a striking ca.se of correlation, 
L11al in IJJ~IIY yelarguniumu, the twu up+- petals in the 

central flower of t8he truss often lose their patches of 
darker colour j and wllcn this occurs, the adhcrcnt 
ncctnry is quite aborted; the central flower thus 
becoming pcloric or regular. When the cnlour is 

absent from only one of the two upper petals, the 
nwt,Rry is not quite aborted hut, is much shortened. 

With respect to the development of the corolla, 
Sprengel’s idea that the ray-tiorets serve to attruct 
insects, whose agency is highly advantageous or neces- 
sary for the fertilisation of these plants, is highly 
probable ; and if so,. natural selection may have come 

into play. But with respect to the seeds, it seems 
impossible that their diflerences in shape,which are not 
always correlated with any dilltrence in the corolla, 
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can be in any way beneficial: yet in the Umbelliferse 
these differences are of such apparent importance-the 
seeds being sometimes orthospcrmons in the exterior 
flowers and ccelospermous in t,he central flowers,-that 
the elder De Cnndolle founded his main divisions in 
the order on such characters. Hcnee modifications of 
structure, viewed by system&&s as of high value, may 
be wholly due to the laws of variation and correlation, 
wichont being, as far ,as WC can judge, of the slightest 
service to the spec.ies. 

We may oflcn f~&ely att,ributc to correlated varia- 
tion structures which are common to whole groups of 
species, and which in truth are simply due to inhcri- 
tancc; for an ancient progenitor may have acquired 
through natural sclcation some one moclific;ation in 

structure, and, after thousands of generations, some 
other and inde.pencle.nt modification; and these two 
modifications, having been transmitted to a whole group 
of descendants with divcrsc ha.l)it,s, wnnld naturally be 
thou~bt to be in some necessary manner correlated. 
Some other correlations are apparently due to the 
mamicr in which natura1 selection can alone act. For 
instance, Alph. de Candolle has remarked that winged 
se& are never found in fruits which do not open; I 
should explain this rule by the impossibility of seeds 
gradually becoming winge.d through natural selection, 
ndess the capsules were open ; for in this case alone 
r;ould the seeds, which were a little better adapted to be 
wafted by the wind , gain an advantage over others less 
wall li&d for wide dispersal 
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Compensation and Economy of G9vwth. 

The elder Geoffroy and Goethe propounded, at about 
the same time, their law of compensation or balancement 
of growth ; or, as Goethe expressed it, “in order to 
spend on one side, nature is forced to economise on tho 
other side.” I think this holds true to a certain extent 
with our domestic productions : if nourishment flows to 
one part or organ in excess, it rarely flows, at least in 
excess, to another part ; thus it is difficult to get a cow 
to give much milk ancl to fatten readily. The same 
varieties of the cabbage do not yield abundant and 
nutritious foliage and a copious supply of oil-bearing 
seeds. When the seeds in our fruits become atrophied, 
the fruit it5sclf pins largely in size and quality. In 
our poultry, a large tuft of feathers on the head is 
generally accompanied by a diminished comb, and a 
large beard by diminished wattles. With species in a 
state of nntxre it. can hardly he ma,intained that the law 
is of universal application ; but many good observers, 
more especially botanists, believe in its truth. I will 
not, however, here give any instances, for I see hardly 
any way of distinguishing between the effects, on the 
one hand, of a part bein ,g largely developed through 
natural selection and another and ad,joining part being 
reduced by this same process or by disuse, and, on the 
other hand, the actual withdrawal of nutriment from 
one part owing&o the excess of .gowth in another and 
acljoining part. 

I suspect, also, that some of the cases of compensation 
which have been advanced, and likewise some other 
facts, may be merged under a more general principle, 
namely, that nat,ural selection is continualIy trying to 
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economise every part of the organisation. If under 
changed conditionti nf life R strdxrc3, before useful, 
beeomcs less useful, its diminution will be favoured, for 
it will profit the individual not to have its nutriment 
wasted in building up an useless structure. I can thus 
only understand a fact with which I was much struck 
when exami.ning cirripedes, and of which many ana- 
logous instances c.ould be given : namely, that when 
a cirriyede is pamsitic witlin another eirripede and is 
thus protcct,ed, it loses more or less completely its own 
shell or carapace. This is the case with the male Ibla, 
and in a truly extraordinary manner with the Proteo- 
lcp:~s: for the carapace in all other cirripcdes consists 
of the t,hrcc highly-important anterior segments of the 
hid WJITJ~UUS~~ &Wd#ped, alld fWllkhed With great 

nerves and muscles; but in tile parasitic and lntotected 
1'rotcuIepas, t,lte whole anterior part of the lreud is 
~~cduced to the merest rudiment attached to the bases of 
t1to p’ehoIlsile alltcnllu;. brow the saving of a large 
and. complex structure, when rendered superfluous, 
\\‘\‘(W IL1 be 2. decided ndvantag~ to cnch Snccessivr. 

individual of the species ; for in the struggle for life to 
\vllich every animal is expnsed, conch would hxvo u 
better chance of supporting itself, by less nutriment 
being wasted. 

Thus, as I believe, natural selection will tend in the 
long run to reduce any part of the organisation, as soon 
as it becomes, through changed habits, superfluous, with- 
out by any means causin g some other part to be largely 
developed in a corresponding degree. And, conversely, 
that natural selection may perfectly well succeed in 
lnrgcly developing an organ without requiring as a neces- 
sary compensation t,he reduction of some acljoining part, 

14 
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Ahltiple, Rudimentary, and Lowly-organ&d Stwcturu 
are Variable. 

It seems to be a rule, as remarked by Is. Geofl’roy St; 
IIilaire, both with vsriclies and species, that when any 
part or organ is rcpestect many times in the samo 
individual (as the vertebra in snakes, and the stamens 
in polyandrous flowers) the number is variable ; whereas 
the same part or organ, when it occurs in lesser numbers, 
is onnstant,. The same author as well as some botanists 
have further remarked that multiple parts are extremely 
liable t,o vary in structure. As “ vegetative repetition,” 
tto use Prof. Owen’s expression, is a sign of low organjsa- 
tion, the foregoing statements accord with the common 
opinion of naturalists, that beings which stand low in 
the scale of nature are more variable than those which 
are higher. I presume that lowness here means that 
the several parta of the organisation have been but 
little specialised for particular functions ; and as long 
as the same part has to perform diversified work, we 
can perhaps see why it should remain variable, that is, 
why natural selection should not have preserved or 
rejected each little &via&u of l’urru so carefully as 
IVvlien the part has to serve for some one special 
INlL’lJUse. 111 the same ~~vny that it knife which has to 
cut all sorts of things may be of almost any shape ; 
whilst a too1 for some particular purpose must be of 
sGrne particular shape. Natural selection, it should 
never be forgotten, can it& solely thrnmqh and for the 
advantqe of each being. 

Kudimentary parts, as it is generally admitted, are 
apt to be highly variable. We sluall have to recur to 
this subject ; and I will here only add that theti 
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variability seems to result from their uselessness, and 
consequently from natural selection having had no 
power to check deviations in their structure. 

A Part dcvcloped in any Species in an e&aord&ar?y 
degree or manner, in comparison with the same Part in, 
aZZie.d #peck, tends to be highly varia6Ze. 

Several years ago I was much struck by a remark, to 
the above effect, made hy Mr. Waterhouse. Prnfessnr 
Owen, also, seems to have come to a nearly similar 
conclusion. It is hopeless to attempt to convince any 
one of the truth of the above proposition without giving 
the long array of facts which I have collected, and 
which cannot possibly be here introduced. I can only 
state my conviction that it is a rule of high generality. 
I am aware of several causes of error, but I hope that 
I have made due allowance for them. It should 
be understood that the rule by no means applies to 
any part, however unusually developed, unless it be 
uu~sua.lly ds~eloped in one species or in a few species 
in comparison with the same part in many closely 
allied species. Thus, the wing of a bat is TV most 
abnormal structure in the class of mammals, but the 
rule would not apply here, because the whole group of 
bats possesses wings ; it would apply only if some one 
qx+r.ies had wings deve1cpe.d in a remarkable manner in 
comparison with t,he other species of the same genus. 
The rule applies very strongly in the case nf secondary 
sexual characters, when displayed in any unusual 
manner. The term, secondary sexual characters, used 
by Hunter, relates to &aracters which are attached to 
one sex, but are not directly connected with the act of 
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reproduction. The rule applies to malts and femduv ; 
hnt rnnrrt rawly tn t,hhp. fmdc?s, R.S they seldnm ntkr 

remn~kable secondary sexual characters. The rule 
being so plainly apl&cable in the case of secondary 
scxunl characters, may be due to the great varinlility 
of these characters, whether or not d&played in any 
unusual manner-of which fact I think there can be 
little doubt. Rut that our rule is not coniined to 
secondary sexual characters is clearly shown in the case 
of hermnph~oditc cirripedes ; I part,iculnrly attended to 
Mr. Waterhouse’s remark, whilst investigating this 
Or&r, and I nm fully convinced that tho rule almost 
always holds good. I shnl1, in a future work, give a 
list 01’ 211 the more remarlinlde cases ; I will here give 
only oile, as it illuslritLes L~ICI .rule in its lqest sppli- 
cntiun. The opercular vnlvcs of sessile cirripedes (rock 
bnrrmlcs) are, in every sense of the word, very 
important structures, and they differ extremely little 
even in dktinct genera; but in the several spccics of 
one gen~x3, I’yrgoma, these valves present a marvellous 
amount of diversific.a&m ; the hnmnlngous valves in the 
dillk-ent species being sometimes wholly unlike ill 
slqx ; and the amount of variation in tile intlividnala 
of the same species is so great, that it is no exaggeration 
to state that the variet,ies of the same species differ 
more from each other in the characters derived fro10 
these important organs, than do the species belongilrg 
to other distinct genera. 

As with birds the individuals of the same species, 
inhabiting the same country, vary extremely little, I 
have particularly attended to them; and the rule 
certainly seems to llold good in this class. I cannot 
make out that it applies to plants, and this would have 
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seriously shaken my belief in iB truth, had not the 
gr~.t ve.rinbilitjy in plants made it particularly difficult 
to compare their relative degrees of variability. 

When we see any part or organ developed z?n B 
remarkable degree or manner in a species, the fait 
presumption is that it is of high importance to that 
species : nevertheless it is in this case eminently 1iabIo 
to variation. Why should this be so ? On the view 
that each species has bee.n independently created, with 
all its parts as we now see them, I can see no explana- 
tion. &it 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 me make some preliminary 
reniarlz If, in our domestic animals, any part or the 
whole animal be neglected, and no selection be applied, 
that part (for instance, the comb in the Dorking fowl) 
or the w-hole breed will cewo to have a uniform 
cllarnctcr : and the breed may be said to be degcuern- 
ting. In rudimentary organs, and in those which have 
been but. little speeialised for any partioular purpose, 
and perhaps in polymorphic groups, we see a neally 
pw.mll~:l CRSC? ; fnr in snch cases uatnral selection eitller 
has not or cannot have come into full play, and thus 
11x organisation is left in a fluctuating condition. l3nt 
what here more particularly concerns us is, that those 
points in our domestic animals, whic.h at the present 
time are undergoing rapid change by continued sele* 
tion, arc also eminently liable to variation. Look at 
the individuals of the same breed of the .pigeon, and 
see what a prodigious amount of difTerence there is in 
the beaks of tumblers, in the beaks and wattle of 
carriers, in the carriage and ta.il of fantails, &c., these 
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being the points now mainly attended to by English 
f8.ncic.m. Even in f;hg same snh-breed, ns in that of the 
short-faced tumbler, it is notoriously difficult to breed 
nearly perfect birds, many departing widely from the 
standard. There may truly be said to be a constant 
struggle going on between, on the one hand, the 
tendency to reversion to a less perfect state, as well as 
an innate tendency to new variations, and, on the other 
hand, the power of steady selection to keep the breed 
true. In the long run selection gains the day, and we 
do not expect to fa2 so completely as to breed a bird as 
coarse as a common tumbler pigeon from a good short- 
faced strain. But as long as selection is rapidly going 
on, much variability in the parts undergoing modifica- 
liwn my allwayS bt2 expec;Ld. 

Now let us turn 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 the several species branched off from tho 
Common progenitor of the genus. This period will 
seldom be remote in any extreme degree, a~ species 
rarely endure for more than one geological period, An 
extraordinary amount of modiIication implies an un- 
usually large and long-continued amount of variability, 
which has continually been accumulated by natural 
sdection for the benefit of the species, But as the 
variability of the extraordinarily developed part or organ 
has been so great and long-continued within a period 
uot excessively renlote, we might, as a general rule, still 
expect to find more variability in such parts than in 
other part8 of the orgnnisation which have remained for 
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a much longer period nearly constant. And this, I am 
convinced, is the case. That the struggle between 
natural selection on the one hand, and the tendency to 
reversion and variability on the other hand, will in the 
course of time cease ; and that the, most abnormally 
developed organs may be made constant, I see no 
reason tc doubt. Hence, when an organ, however 
abnormal it may be, has been transmitted in ap- 
proximately the same conditiou to many modified 
descendants, as in t8he case of the wing of t!le bat, it 
must have exisld, according to our theory, for an 
immense period in nearly the same state; and thus it 
has come not to be more variable than any other 
structure. It is only in those cases in which the 
modification hcs been comparatively recent and e.x- 
traordinarily great that we ought to find the generative 
cariubilit2/, as it may be called, still present in a high 
degree. For in this case the variability will seldom as 
yet have been fixed by the cont,inucd selection of the 
individuals varying in the required manner and degree, 
and by the continued rejectin of those tending to 
revert to a former and less-modified condition. 

The principle discussed under the last heading may 
Lt! applied to our present subject. It is notorious that 
tipccific characters are mom variable than generic. To 
explain by a simple example what is meant: if ih a 
large genus of plants some species had blue flowers and 
some had red, the colour would be only a specific 
chnractcr, and no one would be surprised at one of the 
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blue species rarying into red, or conversely; but if all 
the species had blue ~LNWYS, the colour would become a 
generic character, and its variation would be a more 
unusual circumstance. I have chosen this example 
because the explanation which most naturalists would 
advance is not here applicable, namely, that specific 
charnc.ters are more variable than generic, because they 
are taken from parts of less physiological import’ance 
than those commonly used for classing genera. I 
believe this explanation is partly, yet only indirectly, 
true ; I shall, however, has-e Lu ru~m to this point in 
the chapter on Classification. It wonld be almost 
superfluous to adtlnce evidence in support of the 
st~mtcment, that ordinary specific characters arc more 
variable thn generic; hut with rospeot to important 
characters, I have repeatedly noticed in works on 
natural history, that when an author remarks with 
surpriso that some important organ or part, which is 
generally very constant throughout a large p~onp of 
species, differs considerably in closely-allied species, it is 
often mriu~le in the individuals of the same species. 
And this fact shows that a character, which is generally 
of generic value, when it sinks in valnc and becorncs 
only of’ specific value, often becomes variable, tllongh 
its phpsioIo,nical importance may remain the same. 
Somctliing of the same kind applies to monstrosities : at 
least Is. Geoffroy St. Hilnire apparently entcrtnins no 
~wbl, that the, more an organ normally difi’crs in the 
different species of the same group, the more subject it 
is to anomalies in the irdividuala. 

On the ordinary view of each species having been 
independently created, why should that part of the 
structure, which differs from the same part in other 
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independently-created species of the same genus, be 
mnre vnriahle than those p&s whic.h &x-e dosely alike 
in the several species ? I do not see that any explana- 
tion can be given. But on the view that species are 
only strongly marked and fixed variet,ies, we might 
expect often to find them still continuing to very in 
those parts of their structnre whic.h have varied withiu 
a moderately recent period, and which have thus come 
to difler. Or to state the case in anot,ller manner:- 
the points in which .a11 the species of a genus resemble 
each other, and in which they differ from alIied genera, 
are called generic characters; and these characters may 
be attributed to inheritance from a common progenitor, 
for it can rarely have happened that natural selection 
will 11ave moclifieti several llistinct species, fitted to 
more or less widely-different habits, in exactly the 
same manner : and as these so-called ge.ncric characters 
lIi1.ve been irllterited from before tllc period when the 
several spcies first bmnohcti off from their common 
yrogcnitor, and subsequently have not varied or come 
t.n d iflb in nny rlcgreo, or only in a slight dcg-ree, 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 difrer since the period when the species 
bmnchcd off from a common progenitor, it is probable 
t.hat they should still often be in some dogee variable, 
--at least more variable than those pa,rts of the 
organisation which have for a very long period remained 
cmstant. 

SeconrInmJ Sez~~al C%aract~rs VuriabIe.4 think it 
will be admitted by nnturnli3ts, without my entering on 
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details, that secondary sexual characters are highly 
variable. It will also be admitted that qx4Gps of the 
same group dialer from each other more widely in their 
secondary sexual characters, than in other parts of their 
oqymisation : compare, for instance, the amount of 

difference between the males of galzllinaceous birds, in 
which secondary sexual characters are strongly dis- 
played, with the amount of difference between the 
females. The cause of the original variabiIity of these 
characters is not manifest; but we can see why they 
should not have been rendered as constant and uniform 
as others, for they are accumulated by sexual selection, 
which is less rigid in its action than ordinary selection, 
as it does not entail death, but only gives fewer 
offq3ring to the lssv l%vuurcci males. Whatever the 
cause may be of the variability of secondary sexua! 
clraracters, as they are highly variable., sexual selection 
will have had a wide scope for action, and may thus 
hnvc succeeded in gi:;ving to the apccics of the sa1+1e 
group a greater amount of difference in t,hese t,han in 
atl1e.r WRpeCts. 

It is a remarkable fact, that the secondary differences 
between the two saxes of the same species are genernlly 
displayed in the very same parts of t,lle organisation in 
which the species of the same genus differ from each 
other. Of this fact I will give in illustration the two 
fil st instances which happen to stand on my list ; md 
as the differences in these cases are of a very unusual 
nature, the relation can hardly be accidental. The 
same number of joints in the tarsi is a chal&er 
common to very large groups of beetles, but in t,ha 
Engidz, as Westwood has remarked, the number varies 
greatly ; and the number likewise differs in the kvo 
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sexes of the same species. Again in the fossorial 
hymcnoptcra, the ncuration of tho wiage is a oharaotcr 
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, 
tb& several minute crustaceans offer excellent illustra- 
tions of this law. ” In I’ontella, 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 by these organs.” This 
relation has a clear meaning on my view : I look at all 
the species of the same genus as having ‘as certainly 
descended from a common progenitor, as have the two 
sexes of’ any one species. Consequently, whatever part 
of the structure of the common progenitor, or of its 
early descendants, became variable, variations of this 
part would, it is highly probable, bc taken advantage of 
by naluritl am1 sexmd selection, in order to fit the 
severe1 species to their several places in the economy of 
nature, and likewise to fit the t,wo sexes of t,he same 

species to each other, or to fit the males to st.ruggle 
with other males for tho possession of tho fcmalcs. 

Binally, then, I conclude that the greater variability 

of specific characters, or those which distinguish species 
from species, than of generic characters, or those which 
are possessed by all the species ;-that the frequent 
estreme variability uf any part which is developed in a 
zpccies in an extraordinary manner in comparison with 
the same part. in its congeners ; and the slight degree of 
variability in a part, however extraordinarily it may 
be devclo~ed, if it be common to a whole group of 
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species ;- that the. great variabi1it.y of secondary sexual 
chara.cters, and their peat difference in closely allicci 
species ;- that secondary sexual and ordinary specific 
difYerences are generally displayed in the same parts d 
the organisation,-are all principles closely connected 
t,ogether. All being mainly due to the species nf t,he 
&me group being the descendants of a common 
progenitor, from whom they have inherited much in 
common, -to parts which have recently and largely 
varied being more likely still to go on varying than 
parts which have long been inherited and have not varied 
-to natural selection having more or less completely, 
according to the lapse of time, overmastered the tendency 
to reversion and to further variability,--to sexual 
s&&on being less rigid than ordinary selection,-and 
to variations in the same parts having been accumulated 
by natural and sexual selection, and having been thus 
adapted for secondary sexual, and for ordinary purposes. 

Bidi*mt Spccics pmsent analoyoua Ywiutions, so that a 
Variety of one i$ecies often assume8 a Character proper 

to an allied S$zim, or rave& to 3omd of Ike tXamdt:rs 
of an early Pro$enitm.-These propositions will be most 
readily mdr.rstood hy looking to our domestic rmxs. 
Tile most distinct breeds of the pigeon, in countries 
v&J& apart,, present sllh-vnrioties with reversed 
fonthers on the head, and with feathers on the fcet,-- 
characters not possessed by the aboriginal rock-pi::e.on ; 
hhcse then are analogous variations in two or more 
distinct races. The frequent presence of fourteen or 
even sixteen tail-feathers in the pouter may be con- 
sidered as a variation representing the normal structure 
of another race, the fantail. I presume that no one wiI1 
doubt that all such analogous Tnrintions are due to the 
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severalraces of the pigeon having inherited from a common 
parcnt the same constitution and tendency to variation, 
when acted on by similar unknown inilucnccs. In tho 
vegetable kingdom we have a case of analogous vtxis- 
tion, 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 cultiva- 
tion from a commdn parent : if this be not so, the case 
will then be one of a.nalogons variation in txo so-called 
distinct species ; and to these a third may be added, 
namely, t,he common turnip. According to the ordinary 
view of each species having been indepcndcntly created, 
we should have to Mribute this similarity in the 
enlarged stems of these three plants, not to the vcru 
caum of community of clescc:ut, a.ncl a consequent 
tendc.n,cy to vary in a like manIler, but to three separate 
yet closely related acts of creation. Many simil:lr cases 
of annlo~ous variation liavs been observed by Naudiu 
in tl IC great gourd-family, and I>y vnrinus nutlmrs in our 
cereals. Similar casts occm~~m~ with insects under 
natural conditions have lately been discussed with much 
ability by M’r. Walsh, who has grouped them u&x his 
law of Equable Variability. 

With pigeons, however, we leave another case, 
namely, the occasional appearance in all the breeds, 
of slaty-blue birds with two black bars on the wings, 
white loins, a bar at the end of the tail, with the outer 
feathers externally edged near their basis with white. 
As all tl lest marks are characteristic of the parent rock- 
pigeon, I presume that no one will doubt that this is a 
case of reversion, and not of a new yet analogous varia- 
tion appearing in the scveral breods. We May, I 
think, confidently come to this conclusion, because, 38 



196 DISTINCT SPECIES PRESENl’ [Cam. v’. 

we have seen, these c.oloured marks are eminently liable 
to appear in the crossed offspring of two &t&t and 
differently coloured breeds ; and in this case there i3 
nothing in the external conditions of life to cause tts 
reappearance of the slaty-blue, with the several marks, 
beyond the influence of the mere act of crossin,n on the 
laws of inheritance. 

No doubt it is a very smprising fact that characters 
should reappear after having been lost for many, 
probably for hundreds of generations. But when a 
breed has been crossed only once by some other breed, 
the offspring occasionally show for many generations a 
tendency to re.vert in character to the foreign breed- 
some say, for a dozen or even a score of gencrations. 
After twelve ;;enami.icrns, t.hc: proportion of blood, to use 
a common expression, from one ancestor, is only 1 in 
2048 ; and yet, as we see, it is germrally believed that a 
tendcucy to reversion is reMned by this remnant of 
foreign blood. In a breed which has not been crusted, 
but in which both parents have lost some character 
which their progenitor pnsscsscd, the tendcnoy, whether 
strong or weak, to reproduce the lost character might, as 
was formerly remarked, for all that we nn.n see to the 
contrary, be transmitted for almost any number of 
generations. 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 condi- 
tions, is developed. With the barb-pigeon, for instance, 
which very rarely produces a blue bird, it is probable 
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that, there is a latent tendency in each generation to 
produce blue plumage. The abstract improba,bility of 
such a tendency being transmitted through a vast 
number of generations, is not greater than that of quite 
useless or rudimentary organs being similarly trans- 
mitted. A mere tendency to produce a rudiment is 
indeed sometimes thus inherited. 

As all the species of the same genus are supposed to 
be descended from a common progenitor, it might be 
expected that they would occasionally vary in an 
analogous manner ; so that the varieties of two or more 
species would resemble each other, or t,hat a variety of 
one species would resemble in certain characters another 
and distinct species,-this other species being, according 
to our view, onlp a well-marked and permanent variety. 
But characters exclusively due to analogous variation 
would l~robably be of an unimportant nature, for the 
preservation of all functionally important characters 
will have ber.n determined through natural s&&on, in 
accordance with the different habits of the species. It 
might further be expected that the speries of the same 
genus would occasionally exhibit reversions to long lost 
characters. As, however, we do not know the common 
ancestor of any natural group, we cannot distinSgnish 
between reversionary and analogous characters. If, for 
instance, we did not know that the parent rock-pigeon 
w;lg not feather-footed or turn-crowned, we could not 
have told, whether such characters in our domestic 
breed9 were reversions or only analogous variations; 
but, we might have inferred that the blue colour wm a 
case of reversion from the number of the markings, 
which are correlated with this tint, and which woul,i 
not probably have all appeared together from simply 
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variation. More especially we migllt have inferred 
this, from the blue cnlnltr mrl t.he swcrd marks so often 
appearing when differently coloured breeds a.re crossed. 
Renc,e, although under nature it must generally be left 
doubtful, what cases are reversions to formerly existing 
characters, *and what are new but analogous variations, 
yet we ought,, on our theory, sotnetimes to find the 
varying oir’sprin, CT of a species assuming characters which 
are already present in other members of the same group. 
And this undoubtedly is the case. 

The diffmulty in distinguishing variable speoies is 
largely due to the varieties mocking, as it were, other 
,spoci~:s of the same genus. A considerable cntnlogue, 
also, c4nlhl 11e given of forms iuterinediate between two 
other fornts, which tlrcnienlvcs can only doul-,tfully tx3 
ra111ie1~ as species ; aid tllis shows, unless all these 
closely allied forms be considered as indel~endently 
created species, that they have in varying assumed some 
of the characters of tbc others. But the beat evidcucc 
of analogous variations is afforded by parts or orgaus 
which are generally constant in character, but whiclt 
occasionally vary so as to resemble, in some degree, the 
same p”.rt. or nrp.n in an allied species. I have colluc- 
ted a long list of such cases; but he.re, as ldore, I lie 
uncler the great disadvantage of not being able to give 
Chem. 1 can only repent that such cases certainly 
occur, and seem to me very remarkable. 

I will, however, give one curious and complex case, 
not indeed as atfecting any important character, but 
I&m occurring in several species of the same genus, 
partly under domestication and partly under ndure. 
It is a case almost certainly 0,’ reversion, The asg 

sometimes hns very distinct transverse bars on its leg% 
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like those on the legs of the zebra: it has been asserted 
that these are plainest in the foal, and, from inquiries 
which I have made, I believe this to be true. The stripe 
on the shoulder is sometimes double, and is very variable 
in length and outline. A white ass, but not an albino, 
has been described without either spinal or shoulder 
&ripe : and these stripes are somelimes very obscure, or 
actuaIIy quite lost, in dark-colourcd asses. The koulan 
of I’allas is said to have been seen with a double shouldcr- 
stripe. 34). Blyth has seen a specimen of thehemionus 
wit.h a distinct shoulder-stripe, though it properly has 
none ; and I have been informed by C!oloncl Poole 
that the foals of this species are generally striped on the 
legs, and faintly on the shoulder. The quagga, though 
IO +tinly 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 hocks. 

Wit,h respect to the horse, I hnve collected oases in 
E+:tnd of the spinal stripe in kvrss of the most 
distinct breeds, and of nil colours : transverse bars on 
the legs are not rare in duns, mouse.-duns, am1 in one 
instance in a chestnut: a faint shoulder-stripe ma.y 
sometimes be seen in rlunn, and I have seen a trace in zz 
bay horse. My son made a careful examination and 
&et,& for me of a dun Belgian cart-harw with a do&lo 
stripe on each shoulder and with leg-stripes ; I have 
myself seen a dun Devonshire pony, and a smail dun 

Welsh pony has been carefully described to me, botli 
with t/&Tee parallel stripes on each shoulder, 

In the north-west part of India the Kattywar breed 
of horses is so generally striped, that, as I hear from 
Colonel Poole, who examined this breed for the Indian 
Government, a horse without stripes is not considered 

18 



200 DISTINCT SPECIES PRESENT [CIiAP. v. 

ELS purely-bred. The spine is 3;lways striped ; the legs 
are generally barred ; and the shonlder-stripe, which iu 
sometimes double and sometimes treble, is common; 
the side of the face, moreover, is sometimes striped. 
The stripes are often plainest in the foal; and some- 
t.imes quite disappear in old horses. Colonel Poole has 
seen both gray and bay Eattywar horses stripod when 
first foaled. I have also reason to suspect, from infor- 
mation given me by Mr. W. W. Edwards, t.hat with the 
English race-horse the spinal stripe is much commoner 
in the foal than in the full-grown animal. I have 
myself recently bred a foal from a bay mare (oflspring 
of a Turkoman horse and a Flemish mare) by a bay 
English race-horse ; this fo&l when a week old was 
marked on its hinder quarters and on its forehead with 
numerous, very narrow, dark, zebra-like bars, and its 
legs were feebly striped : all t,he stripes soon disappeared 
completely. Without here entering on further details, 
I rn;ty state that I hslve collected cctses of leg ant1 
shoulder stripes in horses of very different breeds in 
various countries from &i&n to Eastern China ; arlr~ 

from Norway in the north to the Malay Archipelago in 
tlw south. In all parts of the wnFld these dripeo occur 
far oftenest in duns and mouse-duns ; by the term dun 
a large range of colour is included, from one between 
brown and black to a close approach to cream-colour. 

I am aware that Colcnel Hamilton Smith, who has 
written on this subject, believes that the several breeds 
of the horse are descended from several aboriginal 
species-one of which, the dun, was striped ; and 
that the above-described appearances are all due to 
ancient crosses with the dun stock. But this view 
may be safely rejected ; for it is highly improbable that 
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the heavy Belgian cart-horse, Welsh panics, Norwegian 
cobs, the lanky Xdttywar race, &c., inhabiting the most 
distant parts of the world, should all have been crossed 
with one supposed aboriginal stock. 

Now let us turn to t,he effects of crossing the several 
species of the horse-genus. Rollin asserts, 6hat the 
common mule from the ass and horse is particularly 
apt to have bars on its legs ; according to Mr. Gosse, 
in certain parts of the United States about nine out 
of ten mules have striped legs. I once saw k 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, has 
given a figure of a similar mule. In four coloured 
drawings, which I have seen, of hybrids between the 
ass and zebra, the legs were much more plainly barrr& 
t,han 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 quagga, the 
hybrid, and even the pure offspring subsequently 
pwhml from the same mare by a black Arabian 
sire, were much more plainly barred across the legs 
than is even the pure quagga. Lastly, and this is 
another most remarkable case, a hybrid haa been 
fi&Iured by Dr. Gray (and he inforlns me that he 
knows of a second case) from the ass and the hemionus ; 
and this hybrid, though the CXH only occasionally 11~ 
stripes on his legs and the hemionus has none and has 
not even a shoulder-stripe, nevertheless hnd nil four 
legs haired, and had three short shoulder-stripes, like 
those on the dun Devonshire and Welsh ponies, and 
even had some zebra-like stripes on t,he sides of its 
face. With respect to this last fact, I was so convinced 
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that not even a stripe of colour appears from what is 
commonly called chance, that I was led solely from the 
occurrence of the face-stripes on this hybrid from t,he 
ass and hemionus to ask Colonel Poole whether such 
face-stripes ever occurred in the eminently striped 
Kattywar breed of horsc.~, and WCIS, as wo have s(>on, 
answered in the affirmative. 

What now are we to say to these several facts ? We 
see several distinct species of the horse-genus becoming, 
by simple variation, striped on the legs like a zebra, or 
striped on the shoulders like an ass. In the horse we 
see this tendency strong whenever a dun tint appears- 
a tint which approaches to t,hat of the general colouring 
of the other species of the genus. The appearance of 
the stripes is not accompanied by any change 3f form 
or by any other new character. We see this tendency 
to become striped most strongly displayed in hybrids 
from between several of the most distinct species. Now 
observe the case of the several breeds of pigeons: they 
are descended from a pigeon (including two or three 
sub-species or geographical races) of a bluish colour, 
with certain bars and other marks ; and when any 
breed assumes by simple variation B bluish tint, these 
bars and other marks invariably reappear ; but without 
any other change of form or character. when t110 
oldest and t’ruest breeds of various colours are crossed, 
,~e see a strong tendency for the blue tint au.1 bars 
and marks to reappear in the mongrels. I have stated 
that the most probable hypothesis to account for the 
reappearance of very ancient characters, is-that them 
is a tentlenq in the young of each successive generatiou 
to produce t,he long-lost character, and that this 
tendency, from unknown-causes, sometimes prevails 
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And we have just seen that in several species of the 
horse-genus the stripes are either plainer or appear 
more commonly in the young than in the old. Call 
the breeds of pigeons, some of which have bred true for 
centuries, species ; and how exactly parallel is the case 
with that of the species of the horse-genus ! For 
myself, I venture confidently to look back thousands 
on thousands of generations, and I see an animal striped 
like a zebra, but perhaps otherwise very diff’erently 
constructed, the common parent of our domestic horse 
(whetl~~ or not it be descended from one or more wild 
stocks) of the ass, the hemionus, quagga, and zebra. 

ITc who believes that each equine species was 
independently created, will, I presume, assert that each 
species has been created with a tendency to vary, both 
under uature and under domestication, in this particular 
manner, so as often to become striped like the other 
species of the genus; and that each has been created 
witA a 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. To admit this 
view is, as it seems to me, to reject a real for an unreal, 
or at least for an unknown, cause. It makes the works 
of God a mere mockery and deception ; I would almost 
as soon believe with the old and ignorant cosmogonists, 
tknt fossil shells had never lived, but had been created 
in stone so as to mock the shells living on the sea-shore. 

,$umn;nry.--Our ignorance Of tlie laws of Variation is 
pfoud. Sot in on t: case out of a liuudred can we 
pretend to assign any reason w11y this or that part has 
varied. But whenever we have the means of instituting 
a comparison, the same laws appear to have acted in 
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producing the lesser differences bctveen varieties of the 
same species, and the greater differences between species 
of the same genus. Changed conditions generally 
induce mere iluctuating variability, but sometimes they 
cause direct and definite effects ; and these may become 
strongly marked in the course of time, though we 
have not sufficient evidence on t,his head. .khkJit 
in producing constitutional peculiarities and use in 
strengthening and disuse in weakening and diminishing 
organs, appear in many cases to have been potent in 
in their cffccts. Homologous parts tend to vary in the 
same manner, and homologous parts tend to cohere. 
Modifications in hard parts and in external parti 
sometimes affect softer and internal parts. When one 
part, is largely dcv~lqxd, p~rl~~ps it tends to draw 
nourishment from the adjoining parts ; and every part 
of the structure which can be saved without detriment 
will be saved. Changes of structure at an early age 
may affect parts subsequently developed ; .and many 
cases of correlated variation, the nature of which we 
are unable to understand, undoubtedly occur. Multiple 
parts are variable in number and in structure, perhaps 
arising from such parts not having been closely special- 
iscd for any particular function, so that their modifica- 
tions have not been closely checked by natural sclcction. 
It follows probably from this same cause, that organic 
beings low in the scale are more variable than those 
standing higllcr iu Lht: scale, and which have their 
whole organisation more special&d. Rudimentary 
organ,y, from being useless, are not regulated by nalural 
selection, and hence are variable. Specific characters- 
that is, the characters which have come to differ sines 
the several species of t,he same genus branched off from 
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a common parent-are more variable than generic 
characters, or those which have long been inherited, 
and have not diff’ercd within this same period. In 
these remarks we have referred to special parts or 
arganns being still variable, because they have recently 
varied and thus come to differ; but we have also seen 
in the second l;hap~er Lhat the same principle applies to 
the whoIe individual ; for in a district where many 
species of a genus are found-that is, where there has 
been much former variation and differentiatjion, or where 
the manufwtory of new specific forms has been actidy 
at work-in that district and amqst these species, we 
now find, on an average, most varieties. Secondary 
sexual characters are highly variable, and such charac- 
tt.ys differ much in the species af the same group. 
Variability in the same parts of the organisation has 
generally been taken advantage of in giving secondary 
sexual differences to the two sexes of the same species, 
and specific diffcrouces to the several species of the 
sxue genus. A ey part or organ developed to an 
extraordinary size or in an extraordinary manner, in 
comparison with the same part or organ in the allied 
species, must have gone through an extraordinary 
amount of modification since the genus arose; and thus 
we can understand why it should often still be variable 
in a much higher degree than other parts ; for variation 
is a long-continued and slow process, and natural 
dectiwn will in such cases not as yet have had t,ime to 
overcome the tendency to further variability and to 
roversion to a less modified strrte. Dul when a species 
with any extraordinarily-developed organ has become 
the par& of many modifcd descendants-which on 
our view must be a very slow process, requiring a long 
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lapse of time- in this case, natural selection has 
succeeded in giving a fixed character to t,he organ, in 
however extraordinary a manner it may have beeu 
developed. Species inheriting nearly the same con- 
stitution from a common parent, and exposed to similar 
influences, naturally tend to present analogous varin- 
tions, or these same species may occasionally revert to 
sorne of the characters of their ancient progenitors. 
Although new and important modifications may not 
arise from reversion and analogous variation, such 
modifications will add to the beautiful and harmonious 
diversity of nature. 

Whatever the cause may be of each slight difference 
between the oflspring and their parents-and a cause 
for each must, exist-we have reason to believe that it 
is the steady accumulation of beneficial dif3’erences 
which ha.3 given rise to ,211 the more importaut 
modifications of structure in relation to the habits of 
ear:h species. 
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CHAPTER VI. 

DIFIWULTIES OF THE TIIEORY. 
IXficulties of the theory of descent wirh modification-Absence or 

rarity of transitional varieties-Tran&ions in habits of life- 
I~ivrmifirrl hahits in the same spccie~-Spocios with habits 
widely diffcrcnt from those of their allies--0rgans of extreme 
perfection-Modes of transition--Cases of difficulty-h’atura 
non facit saltum-Organs of small imprtauce-Organs not in 
all cases absolutely perfect-The Iaw of Unity of Type and of 
the Conditions of Existence embraced by the theory of Natural 
Selection. 

LosG 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 1 can 
hardly reflect on them without being in scsrne degree 
staggered; but, to the best of my judgment, the 
greater number are only apparent, and those that are 
real are not, I think, fatal to the theory. 

These difficulties and objections may be classed under 
the following heads :--First, why, if species have 
descended from other species by fine gradations, do we 
not everywhere see innumerable transitional forms ? 
Why is not all nature in confusion, instead of the species 
being, us we see them, we.11 defined ? 

S~~dly, ia it ~,uasilAt: that an animal having, for 
instance, the structure and habits of a bat, could have 
been formed by the modification of some other animal 
with widely different habits and structure 1 Can we 
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believe that natural selection could produce, on the one 
hand, an organ of trifling importance, such as the tail of 
a giraKe, which serves as a fly-tiapper, and, on the other 
hand, an organ so wonderful as the eye ‘I’ 

Thirdly, can instincts be acquired and mod&d 
t,hrough natural sc,lection 1 What shall we say to the 
instinct whidl leads the 1.~ tu make cells, anil which 
has practically anticipated the discoveries of profound 
mathematicians ? 

Fourthly, how can we account for species, when 
crossed, being sterile and producing sterile offspring, 

whereas, when vnrieties are crossed, their f&My is 
unimpaired 1 

The two first, heads will hero be discussed; some 
miscellaneous objections in blie following chapter ; 
Instinct and Hybridism in the two succeeding chapters. 

On the Ahezee op Rurity of l’mnsitimal Yarieties.- 
As natural selection acts solely by the preservation of 
profitable modifications, each new form will tend in a. 
fully-stocked country to take the place of, and finally to 
exterminate, its own less improved parent-form and 
other less-favoured forms with which it comes into 
competition. Thus extinction and natural selection go 
band in hand. Hence, if we look at each species as 
dcaccnded from some unknown form, both t,he parent 
aud all lhe transitjonal varieties \~iIl generally have 
been exterminated by the very process of the formation 
and perfection of the new form. 

But, as by this theory innumerable transitional forms 
must have existed, why do WC not find them embedd& 

in countlcs numbers in the crust of the earth ? It 
will be more convenient to discuss this question in the 
chapter on the Imperfection of the Geological Record; 
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and I will here only state that I believe the answer 
mainly lies in the record being incomparably less 
perfect than is geneSrally supposed. The crust of the 
earth is a vast museum ; but the natural collections 
have been imperfectly made, and only at long intervals 
of time. 

But it may-be urged that when several closely-allied 
species inhabit the same territory, we surely ougllt to 
find at the present tirnc many transitional forms. Let 
118 take a simple case : in travelling from nol,th to 
south over ZI contillent, we g~erally IU& al successive 
intervals with closely allied or reprcsentntive species, 
evidently filling nearly the same place in the natural 
economy of the land. These representative species often 
meet and interlock ; and as the one become0 rarer and 
rarer, the other becomes more and more frequent, till 
the one replaces the other. But if we compare these 
species where they inte,rmingle, they are generally as 
absolutely distinct from each other in every detail nf 
struct’ure as are specimens taken from the metropolis 
inhabited by each. By my theory these allied species 
are descended from a common parent ; and during the 
process of modificatian, each has become adapted to the 
conditions of life of its own region, and has supplanted 
and exterminated its original parent-form and all the 
transitional varieties between its past and present 
states. Hence we ought not to expect at the present 
ti~u LO meet with numerous transitional varieties in 
each region, though they must have existed there, and 
may be embedded there in a fossil condition, But in 
the intermediate region, having intermediate conditions 
of life, why do we not now find closely-linking inter- 
mediate varieties ? This difficulty for a long time quite 
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confounded me. Ilut I think it can be in large part 
explained. 

In the first place we should be extremely cautious in 
inferring, because an area is now continuous, that it haa 
been corltinuous during a long period, Geology would 
lead us to believe that most continents have been broken 
up into islands even during the later tertiary periods ; 
and in such islands distinct species might have been 
se.pnrately formed without the possibility of inter- 
mediate varieties existing in the intermediate zones. 
liy aha11ge3 in Lhe ferm of the land and of &male, 

marine areas now continuous must often have existed 
within recent times in a far less continuous and uiliform 
condition than at present. Hut I will pass over this 
way of escaping from the dificulty ; for I believe that 

many perfectly defined species have been formed on 
strictly continuous areas ; though I do not doubt that 
the formerly broken condition of areas now continuous, 
has played an important part in the formation of new 
species, more especially with freely-crossing and wander- 
ing animals. 

In looking at species as they are now distributed over 
a wide area, we generally find them tolerably numerous 
over a large territory, then becoming somewhat abruptly 
rarer and rarer on the contincs, and finally disappearing. 
Hence the neutral territory between two representative 
species is generally narrow in comparison with the 
territory proper to each. We see the same fact iu 
ascending mountains, and sometimes it is quite remark- 
able how abruptly, as Alph. de Candolle has observed, a 
common alpine spccicsdisappears. 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 
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physical conditions of life as the all-important elements 
of distribution, these facts ought to cause surprise, as 
climate and height or depth graduate away insensibly. 
But when we bear in mind that almost every speciea, 
even in its metropolis, would increase immensely in 
numbers, were it not for other competing species ; that 
nearly all either prey on or serve as prey for others ; in 
short, that each organic being is either directly or 
indirectly related in the most important manner to 
other organic bejugs,-we see that the range of the 
inhabitants of any country by no means exclusively 
depends on insensibly changing physical conditions, but 
in a large part on the .prescnc.e of other species, 011 
which it lives, or by which it is destroyed, or with 
which it wmt35 i&u cvu3petition j and as these spcicr, 
are already de.fined objects, not blending one into 
another by insensiMe gradations, the range of any one 
species, dependin, (7 as it does on the range of others, will 
tend to be sharply defined. Morcovcr, ti3.c.h spr.cics on 
the confines of its range, where it exists in lessened 
numbers, will, drlrinz fluctuations in the number of its 
enemies or of its prey, or in the nature of the seasons, 
be extremely Liable to utter extermination ; and thus ils 
geographical range will come to be still more sharply 
defined. 

As allied or representative species, when inhabiting 
a continuous area, are. generally distributed in such a 
manrler t.hat each has a wide range, with a compara- 
tivcly narrow neutral territory between them, in which 
they become rather suddenly rarer and rarer; then, as 
varieties do not essentially differ frbm species, the same 
rule will probably apply to both; and if we take f~ 
varying species inhabiting a verylarge area, we shrill haV(3 
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to adqt two varieties to two large areas, and Al third 
variety to a narrow intermediate zone. The iuter- 
mediate variety, consequently, will exist in lesser 
numbe.rs from inhabiting a narrow and lesser area; and 
practically, as far as I can make out, this rule holds 
good with varieties in a state of nature. I have met 
with striking instances of the rule in the case of 
varieties intermediate between well-marked varieties in 
the genus Balanus. And it would appear from infor- 
mation given me by Mr. Watson, Dr. Asa Gray, and 
Mr. Wollaston, that generally, when varieties inter- 
mediate between two other forms occur, they arc much 
rarer numerically than the forms which they connect. 
Now, if we may trust these facts and inferences, and con- 
dude that variulias linking two other varieties together 
gcuerally have existed in lesser numbers thau the 
forms which they connect, then we can understand why 
intermediate varieties should not endure for very long 
periods:-why, as a general rule, they should be exter- 
minat.ed and disappear, sooner ihan the forms which 
they originally linked together. 

For any form existing in lesser numbers would, as 
already remarked, run a greater chance of haing exter- 
minated than one existing in large numbers ; and in 
this particular case the intermediate form would be 
eminently liable to the inroads of closely-allied forms 
existing OR both sides of it. But it is a far more 
iml~ortant consideration, that during the process of 
further modification, by whic.h two varieties are 
supposed to be cqnverted and perfected into two 
distinct species, the two which exist in larger numbers, 
from inhabiting larger areas, will have a great advantage 
uver the intermediate variety, which exists in smaller 
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numbers in a narrow and imermediate zone. For forms 
existing in larger numbers will have a better chance, 
a ithin any given period, of presenting further favour- 
able variations for natural selection to seize on, than 
will t+e rarer forms which exist in lesser numbers. 
klce, the more common forma, in the race four life, will 
tend to beat and supplant the less common forms, for 
these will be more slowly modified and improved. It is 
the same principle which, as I believe, accounts for the 
common species in each country, as shown in the gooorld 
chapter, presenting on an average a greater number of 
well-marked varict,ies than do the rarer species. I may 
illustrate what I mean by supposing three varieties of 
sheep to be kept, one adapted to an extensive moun- 
tainous region ; a second to a comyarat,ively narrow, 
hilly tract ; and a third to the wide plains at t,he base ; 
and that t,he inhabitants are all trying with equal 
steltrliness and skill to improve their stocks by selec- 
tion ; the d ~anccs in this case will be strongly in favour 
of the great holders on the mountains or on the plains, 
improving their IJN& more quickly tllan the small 
holders on the intermediate narrow, hilly tract; and 
consequently the improved mounldin or plain breed will 
goon take the place of the less improved hill breed ; 
and thus t.he two breads, which ori@:r&ly existed in 
greater numbers, will come into close contact with each 
other, without the interposition of the supplanted, inter- 
mediate hill variety. 

!l’c sum up, I believe that species come to bc tolerably 
we&defined objects, and do not at any one period 
present an inextricable chaos of varying and inter- 
mediat,e links: first, because new varieties are very 
s!owly formed, for variation is a slow prncess, and 
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natural selection can do nothing until favourable in- 
&vidusl difYcrences or variatinm namw, and until B 
place in t,he natural polity of the country can be betrcr 
filled by some modification of some one or more of its 
iuhabitants. 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 becomiug slowly 
modified, with the new forms thus produced and the old 
ones acting and reacting on each other. So that, in 
any one region and at any one time, we ought to see 
only a few species presenting slight modifications of 
structure in some degree permanent ; and this assuredly 
we do see. 

Seconclly, areas now cunliunuus must often have 
2xistcd within the recent, period as isolated Fortions, in 
which many forms, more especially amongst the classes 
which unite for each birt,h and wander much, may 
have srprk?ly been rendered sufficiently distinct to 
rank as representative species. In this case, inter- 
mediate varieties between the swvml representative 
species and their common parent, must formerly have 
existed within each isolntcd portion of the land, hut 
these links during the process of natural selection will 
have been supplant,ed and exterminated, so that they 
will no longer be found in a living state. 

Thirdly, when two or more varieties have been formed 
in Merent portions of a strictly continuous area, inter- 
mediate varieties will, it is probable, at first have been 
formed in the intermediate zones, but they will 
generally have had a short duration. For these 
intermediate varieties will, from reasons already as- 
si&med (namely from what we know of the actual 
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dist,ribution of closely allied or representative speees, 
and likewise of acknowlcdgcd varictiea), exist in the 
intermediate zones in lesser numbers than the varieties 
which they tend to connect. From this cause alone 
the intermediate varieties will be liable to accidental 
extermination ; and during the process of further 
modification through natural selection, they will almost 
certainly be beaten and supplanted by the forms which 
they connect; for t(hcse from existing in greater num- 
bers will, in the aggregate, present more varict.ies, 
aud thus be further improved through natural selection 
and gain further advantages. 

Lastly: looking not to any one time, but to all time, 
if my theory be true, numberless intermediate varieties, 
linlring ~10sely together all the species of the sdme 
group, must assuredly have existed ; but the very 
process of natural selection constantly tends, as has 
been so often rema.rked, to exterminate the parent-forms 
s.nd tile intormcdiate linla. Consequently evidence of 
their former existence could be found only amongst 
fossil remains, whi& ztre preserved, u we shall attempt 
to show in a future chapter, in an extremely imperfect 
and intermittent record. 

OYY the Origin. and Transitions of Organic 3ein3s with 
peculiar Hahits and Stru.ctuTe.--It has been asked by 
the opponents of such views as 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 monld be 
easy to show that there now exist carnivorous animals 
presenting close intermediate grades from strictly 
terrestrial to aquatic habits; and as each exists by a 
struggle for life, it is clear t,hat each must be well 

16 
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adapted to its place in nature. Look at the Mustela 
v&on 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. If a different case had been taken, 
and it had been asked how an insectivorous quadruped 
could possibly have been converted into a flying bat, 
the question would have been far more difficult to 
answer. Yet I tbiuk such difioultics have Iittlo 

weight. 
Eere, as on other occasions, I lie uuder a heavy 

disadvantn,ne, for, out of the many striking cwx which 
I lmvn cnllerked, T can give only one or two instancea 
of transitional habits and structures in allied species; 
and of diversified habits, either constant or occasional, 
in the same species. And it seems to me that nothing 
less than a long list of such cases is sufficient to lessen 
the dif’iiculty in any particular case like that of the bat. 

Look at the family of squirrels; here we have the 
finest gradation from animals with their tails only 
slightly flattened, a.nd from others, as Sir J. Echardson 
has remarked, with the posterior part of their bodies 
rather wide and with the skin on their flanks rat.her 
full, to the so-called flying squirrels; and flying 
squirrels have their limbs and even the base of the 
tail united by a broad expaune of sKII, which serves 
as a parachut.e and allows them to glide through the 
air to an astonishing distance from tree to tree. We 
cannot doubt t,hnt each structure is of use to each kind 
of squirrel in its own country, by enabling it to escape 
birds or beasts of prey, to collect food more quickly, or, 
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as there is reason to believe, to lessen the danger from 
occasional falls. But it does not follow from this fact 
that the structure of each squirrel is the best that it is 
possible to conceive under all possible conditions. Let 
the climate and vegetation change, let other competing 
rodents or new beasts of prey immigrate, or old ones 
beoomc modifiod, and all analo,~ would lead us to 
believe that some at least of t,hc squirrels would 
decrease in numbers or become exterminated, unless 
t,lrey also became modified and improved in structure 
in a correspnnding manner. Thercfnre, I can see no 
difficulty, more especially under changing conditions of 
life, in the continued preservation of individuals with 
fuller and fuller flank-membranes, each modification 
being useful, each being propa:ratecl, until, by t,he 
accumulated effects of this process of natural selection, 
a perfect so-called flying squirrel was produced. 

Now look at the Galeopithecus or so-called flying 
Icmur, which formerly was ranked amongst bats, but 
is now believed to belong to the Insectivora. An 
extremely wide flank-membrane st,retches from the 
corners of the jaw to the tail, and includes the limbs 
with t,he elongated fingers. This flank-membrane is 
furrlished with a11 extensor muscle. Although no 
graduated links of structure, fitted for gliding through 
the air, now connect the Galeopithecus with the ulhor 

Insecbivora, yet there is no difikulty in supposing that 
euc11 liulrs formorlp euiatod, :md that caoh 7va3 developed 
in the same manner as with the less perfectly gliding 
sqmirreln ; arth pde nf st~rnctnre having been useful to 
its possessor. Nor cau I see any insuperable difficulty 
in furt,her believing that the membrane connected 
fingers and fore-arm of the Galeopithecus might have 
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been greatly lengthened by natural selection ; and this, 
as far as the organs of 3ight are concerned, would have 
converted the animal int,o a bat. In certain bats iu 
which the wing-membrane extends from the top of the 
shoulder to the tiil and includes the hind-legs, we 
perhaps see traces of an apparatus originally fitted for 
gliding through the air rabher than for flight. 

If about a dozen genera of birds were to becolpe 
extimct, who would have ventured to surmise that birds 
might have existed which used t,heir wings solely as 

like the logger-lleadad duck (Micropterus of ;;:;y> 
; as fins in the mater and as front-legs on the 

land, like the penguin ; as sails, like the ostrich; ant.1 
functionally for no purpose, like the Apteryx? Yet 
the st.rnctnre of each of those birds is good for it, under 
the conditions of life to which it is exposed, for each 
has to live by a struggle; but it is not necessarily the 
best possible under all possible conditions. It must 
not be inferred from these remarks that any of the 
grades of wing-structure here alluded to, which perhaps 
may all bc the result of disuse, indicate the steps by 
which birds actually acquired their perfect power of 
flight; but they serve to show what diversified means 
of transition are at least possible. 

Seeing that a few members of such water-breathing 
classes as the Crustacea and Mollusca are adapted to 
live on the land ; and seeing that we have flying bird9 
and mammals, flying insects of the most diversified 
types, and formerly had flying reptiles, it is conceivable 
that flying-fish, which now glide far through the air, 
slightly rising and turning by the aid of their fluttering 
fins, might have been modified into perfect,ly winged 
animals. If this had been effected, who would have 
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ever imagined that in an early transitional state they 
tad been the inhabitants of the open ncean, and had 
used their incipient organs of flight exclusively, as far 
as we know, to escape being devoured by other fish 2 

When we see any structure highly perfected for any 
particular habit, 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 ha,ve been 
supphmted by their successors, which were gradually 
rendered more perfect through natural selection. Fur- 

thermore, we may c.onclude that transitional states 
between structures fitted for very different habits of 
life will rarely have been developed at an early period 
in gcat numbers itnd uncler m;~ny subordinate forms. 
Thus, to return to our imaginary illustration of the 
flying-fish, it does not seem probable t.hnt fishes capable 
of true flight would have been developed u~~der many 
subordinate forms, for taking prey of mnny kinds in 
many ways, on the land and in the water, until their 
0rgan.s of flight had come to a hi$ stage of perfection, 
so as to have given them a decided advantage over 
other animals in the battle for life. Hence Lhhe &ancc? 
of discovering species with transitioual 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 developed structures. 

I will now give two or three instances both of divcr- 
sifird and of changed habits in the individuals of bhe 
same species. In either case it would be easy for 
natural selection to adapt the structure of t,he animal to 
its changed habits, or exclusively to one of its several 
habits. It is, hoxe\-er, difficult to decide, and im- 
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material for us, whether habits generally change first 
aurl slructure afterwards ; or whether slight modifi- 
cations of structure lead to changed habits ; both 
probably often occurring almost simultaneously. Of 
cases of changed habits it will suffice merely to allude 
to that of the many British insects which now feed on 
exotic plauts, or exclusively on artificial substances. 
Of diversified habits innumerable instances could be 
given : I have often watched a tyrant flycatcher (Sauro- 
phagus sulphuratus) in South America, hovering over 
one 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 lil;e a kingfisher at a 
6~1~. In our own country the larger titmouse (Parus 
major) may be seen climbing branches, almost like a 
creeper ; 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 a nuthatch. In 
North America the black bear was seen by IIearne 
swimming for hours with widely open mouth, thus 
catching, almost like a whale, insects in the water. 

As we aomctimcs sco indiviclnals following habits 
different from those proper to their species and to the 
other species of the same genus, we might expect that 
such individuals would occasionally give rise to new 
species, haviug anomalous habits, and with their 
structure either slightly or considerably modified from 
that of their type. And such instauces occur in nature, 
Can a more striking instance of adaptation be given 
than that of a woodpecker for climbing trees and seizing 
insects in the chinks of the bark ? Yet in North 
America there are woodpeckers which feed largely op 
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frnit, 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, sufficiently 
stifY to support t.llc bird in a rertical pusiCon on a post, 
but not so stiff as in the typical woodpeckers, and a 
straight strong beak. The beak, however, is not, so 
straight or so strong as in thu typic11 woodpeckers, bnt 
it is strong enough to hnre into wood. Homo this 
Culsptes in all the essential parts of its structure is a 
vvoodpccker. Even in such trifling characters as the 
colonring, the harsh tone of the voice, and undulatory 
flight, its close blood-i-clationship to our common wooc1- 
pecker is plainly declared; yet, as I can assert, not 
only from my own observations, hut from those of the 
accurate Azara, in certain large districts it does not 
climb trees, and it makes its nest in holes in banks! 
In certain other districts, however, this same wood- 
pecker, as Mr. IIudson states, frequents t,rees, and bores 
l~~ltz in the trunk for ita nest. I may mention as 
another illustration of the varied habits of this genus, 
that a Mexican Colaptes has been clcscribed by De 
Snussure as boring holes into hard wood in order to lay 
up a store of acorns. 

Petrels are the most a&ial and oceanic of birds, hut 
in t,lIe quiet sounds of Ticrra de1 Fuego, the Puffinuria 
bernrdi, in its general habits, in its astonishing power 
of diving, in its manner of swimming and of figin; 
when made to take flight, would be mistaken by any 
one for an auk or a grebe ; nevertliclcss it is essentially 
a petrel, but with many parts of its organisation pro- 
fouudly modified in relation to its new habits of Iifs,; 



222 TRANSITIONS OF ORGANIC BEIXOS. LCH~P. VL 

whereas the woodpecker of La Plata has had its structure 
only slightly modified. In the case of the water-ouzel, 
the acutest observer by examining its dead body wouI11 

never haye 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 are terrestrial, excepting 
the genus Proctotrupes, whic,b Sir John Lubbock has 
discovered to be aquatic in its habits; it often enters 
tl~u waler and dives about by the use not of its legs but 
of its wings, and remains as long as four hours beneath 
the surface ; yet it exhibits no modification in structure 
in accc)rdnnce with its abnormal habits. 

Ho w1~0 belicvcs that each being has lxeu uxnted it9 

we nom se.e it, must occasionally have fe.lt surprise 
when he has met with an animal having habits and 
structure not in agreement. What can be plainer than 
that the webbed fec?t of dncks and geese are formed for 
swimming 1 Yet there are upland geese with webbed 
feet which rare,ly go near t#he water; and nn nne except 
Audubon has seen the frigate-bird, which has all its 
four toes webbed, alight on the s&&co of the ocean. 
On the other lmd, grebes and coots are eminently 
aquatic, although their toes are only bordered by 
membrane. W11nt seems plainer than that the long 
toes, not furnished with membrane of the Grallatures 
are formed for walking over swamps and floating 
plants?-the water-hen and landrail are members of 
&his order, yet thhe first is nearly as aquatic as the coot, 
and the second nearly as terrestrial aa the quail or 
partridge. In such cases, and many others could be 
given, habits have changed without a corresponding 
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change of structure. The webbed feet of the upland 
goose may be said to have become almost rudimentarp 
in function, though not in structure. In the frigatc- 
bird, the deeply scooped membrane between t,he tots 
shows that structure has begun to change. 

He who believes in separate and innumerable acts of 
creation may say, that in these cases it has pleased the 
Creator to cause a being of one type to take the place 
of one belonging to another type; but this seems to 
me only restating the fact in dignified language. He 
mlto Wicves in the struggle for existence and in the 
principle of natural select.ion, will acknowledge that 
every organic bein, m is constantly endeavouring to 
increase in numbers; and that if any one being varies 
ever so little, either in habits or strnoturc, and thus 

gains an advantage over some other inhabitant of the 
same country, it will seize on the place of that 
inhabitant, however different that nrny be from its own 
pl R.CP.. Her~cp. it, will cause him no surprise that there 
should be geese and frigate-birds with webbed feet, 
living on t,he dry land and rarely alightin,o on the 
mater, that there should be long-toed corncrakes, living 
in meadows instead of in swamps ; that there should bo 
woodpeckers where hardly a tree grows ; that there 
should be diving thrushes and diving Hymenoptcra, 
and petrels with the habits of auks. 

&guns of extreme Perfection and Complication. 

To suppose that the eye with all its inimitable 
coutrivances for adjusting the focus to different dis- 
tances, for admitting different amounts of light, and 
for the correction of spherical and chromatic aberration, 
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could have been formed by natural selection, seems, I 
freely c.onfess, absurd in the highest degree. When it 
was first said that the sun stood still and the world 
turned round, the common sense of mankind declared 
the doctrine f&e; but the old saying of Km popdi, 
TOI Dei, as every philosopher knows, cannot be trusted 
in science. Reason tells me, that if numerous gradations 
from a simple and imperfect eye to one cornpIes and 
perfect can be shown to exist, each grade being useful 
to its possessor, as is certainly the case ; if further, the 
eye ever varies and the variations be inherited, as is 
likewise certainly the case; and if such variations 
should be useful to any animal under changing con- 
ditions of life, then the dilhculty of believing that a 
perfect and complex eye could be formetl by natural 
selection, though insuperable by our imagination, 
should not be considered as subversive of the theory. 
How a nerve comes to be sensitive to light, hardly 
conocrna us Inore than how life itself originated ; but I 
may remark that, as some of the lowest organisms, in 
which nerves cannot bc detected, nro oapnblo of pcr- 
ceiving light, it does not seem impossible that certain 
sensitive clement,s in their sarcode should become 
qgrcgatcd and developed into nerves, endowed wit,h 
this special sensibility. 

In searching for the gmdations through which an 
org:m in any species has been perfected, we ought to 
look esclusivoly t,o its lineal progenitors; but this is 
scarcely ever possible, and we are forced to look to 
other species and genera of the same group, that is to 
the c,ollatcral descendants from the same parent-form, 
in order to see what LTadations are possible, and for tha 
chance of some gradations having been transmitted in 
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an unaltered or little altered condition. But the sta.te 
of the same organ in distinct classes may incidentally 
throw light on the steps by which it has been perfected. 

The simplest organ which can be called an eye 
consists of an optic nerve, surrounded by pigment-cells 
and covered by translucent okin, but without any Icns 
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, withont any nerves, and resting merely nn 
sarcodic tissue. l3yes of the above simple nature are 
not capable of distinct vision, and serve only to dis- 
tinguish 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 gelutitlous matter, 
projecting with a convex surface, like t.hc cornea in the 
higher animals. He suggests that t,his scrvcs not tb 
form an image, but only to concentrate t,he luminous 
rays and render their perception more easy, In this 
concentration of the rays we gain the first and by far 
the most important step towards the formation of a 
true, pictui-e-CxGrlg ty ; fur we have only to place 
the naked extremity of the optic nerve, which in some 
of the lower animals lies deeply buried in the bod7, and 
in some near the surface, at the right distance from the 
concentrating apparatus, and an image will be formed 
on it. 

In the grek dnss of the Articnlata, we may start 
from an optic. nerve simply coated with pigment, the 
latter sometimes forming a 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 
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of their great compound eyes form true lenses, and that 
the COIES include curiously modified IMWWB Gments. 
But these organs in the Articulata are so much diver- 
sified that Miillcr formerly made three main classes 
with seven subdivisions, besides a f0urt.h main class of 
aggregated simple eyes. 

When we rcflcct on these facts, here given much 
too briefly, with respect to the wide, diversified, and 
graduated range of structure in the eyes of the lower 
animals; and when we bear in mind how small the 
number of all living forums must be in comparison with 
those which have become extinct, the difficulty ceases to 
be very great in believirl g that natural selection may 
have c,onvert,cd the simple apparatus of. an optic nerve, 
caded With pigment and investad lay transparent mem- 
brane, into an optical instrument as perfect as is 
possessed by auy member of the Articulate Class. 

He who will go thus far, ought not to hesitate to go 
one step flIrthey; if he finds on finishing this volume 
that large bodies of facts, otherwise inexplicable, can be 
eq&incd by the theory of modificatinn through natural 

selection; he ought to admit that. a structure even as 
perfect as nn en$c’s eye might thus boformed,n.ltlmqh 
in this case he doe5 not know the transitional states. 
It has been objected that in order to modify the eye 
and still preserve it. as a perfect instrument, many 
changes would have to be effected simultaneously, 
which, it is assumed, could not be done through natural 
selection; but as I have attempted to show in my 
work on the variation of domestic animals, it ia not 
necessary to suppose that the modifications were all 
silnultaneaus, if they were extremely slight. and gradunL 
Different, kinds of modification would, also, serve for the 
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same general purpose : as Mr. Wallace has remarked, 
“if a lens has too short or too long a focus, it may be 
amended either by an alteration of curvature, or an 
alteration of density ; if the curvature be irregular, and 
the rays do not converge to a point, then any increased 
regular,ity of curvature will be an improveme.nt. So 
the contraction of the iris and the muscular movements 
of the eye are neither of them essential to vision, but 
only improvements which might have been added and 
perfected at any stage of the construction of the 
illslrument.” Within the highest division of the 
animal kingdom, namely, the Vertebrata, we can start 
from an eye so simple, that it consists, as in t.he 
lancelet, of a little sack of transparent skin, furnished 
,with a nerve and lined mith pigment, bat destitute of 
any otller apparatus. In fishes and reptiles, as Owen 
has remarked, “ the Tange of gradations of dioptric 
structures is very great.” It is a significant fact that 
even in man, 2.ccnrdirq to the high authority of 
Virchow, the beautiful crystalline lens is formed in t.he 
embryo by an accumulation nf epidermic tolls, lying 
in a sack-like fold of the skin; and the vitreous body 
is formed from embryonic sub-cutaneous tiseuo. To 
arrive, however, at a just conclusion regarding the 
formation of the eye, with all its marvellous yet nnt 
absolutely perfect characters, it is indispensable that 
the reason should conquer the imagination ; but I have 
felt the diffculty far too keenly to be surprised at 
others hesitating ‘to extend the principle of natural 
selection to so startling a length. 

It is scarcely; possible to avoid comparing the eye 
with a telescope. We know that this instrument has 
been perfec.ted by the long-continued efforts of the 
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highest human intellects; and we naturally infer that 
tlx eye has been formed by a somewhat andogows 
process. But may not this inference be presumptuous? 
Have we any right to assume that the Creator works by 
iritcllectual powers like those of man 1 If we must 
compare the eye to an optical instrumeut, we ought in 
imi$nation to t’ake tt thi& layer of transparent; tissue, 
with spaces filled with fluid, and with a nerve sensi- 
tive to light beneath, and then suppose every part 
of this layer to be continually changing slowly in 
density, so as to separate into layers of diffcrcnt densities 

and thicknesses, placed at, different distances from each 
other, and with the surfaces of each layer slowly changing 
in form. Further we must suppose t,hat there is a 
power, represented by natural selection or tShe wlrvival 
of the fittest, always intently watching each slight 
alteration in the transparent layers; and ca.refully 
preserving each which, under varied circumstances, in 
any way or in any degree, tends to produce a d&n&r 
image. We must suppose each new state of the 
instrument to be multiplied by the million; each to be 
preserved until a better one is produced, and then the 
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 OUL wilh unerring skill each improvement. 
Let this process go on for millions of years ; and during 
each year on millions of indiui~ualy of many kinds ; 
and may we not belieye that a living optical instrument 
might thee be formed as superior to one of gla,q JM the 

works of the Creator are to those of tian 2 
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Modes of Transition. 

If it could be demonstrated that any complex orglm 
existed, which could not possibly have been formed by 
nu~nerous, successive, slight modifications, my theory 
would absolutely break down. But I can find out no 

such citse. No doubt many organs exist of which we 
do not know the transitional grades, more especially if 
we look to much-isolated species, round which, according 
to the theory, t,here has been much extinction. Or 
again, if we t&c nn organ connnon Lo all the members 
of cz cltlss, for in this latter case the organ must have 
been originally formed at a remote period, since which 
all the many members of the class have been developed ; 
and in order to discover the early transitional grades 
through which the organ has passed, we should have to 
look to very ancient ancestral forms, long since become 
extinct. 

We should be extremely cautious in concludirq that 
an organ could not have been formed by transitional 
gradations of some bind. Numerous cases could be 
given amongst the lower animals of the same organ 
performing at the same time wholly distinct functions ; 
tlms in the larva of the dragon-fly and in the fish 
Cob&es the alimentary canal respires, digests, and 
excretes. In the Hydra, the animal may be turned 
inside out, and the exterior surface will then digest and 
the stomach respire. In such cases natural selection 
might specialise, if any advantage were thus gained, the 
whole or part of an organ, which had previously 
performed two functions, for one function done, ad 
111~s by insensible steps great,ly change its nature. 
Many plants are known which regularly produce at tha 
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same time differently constructed flowers ; and if such 
plants were to produce one kind alone, a great change 
would be effected with comparative suddenness in the 
character of the species. It is, however, probable that 
the two sorts of floITers borne by the same plant were 
originally differentiated by finely graduated steps, which 
may still be followed in some few cases. 

Again, two distinct organs, or the same organ under 
two very different forms, may simultaneously perform 
in the same individual the same function, and t,his is an 
extremely important me.ans of transition: to give one 
instance ,-there are fish with gills or branch& that 
breathe the air dissolved in the water, at the same time 
that t,hey breathe free air in their swimbladders, this 
hter organ being divided by highly vasculnr partitions 
and having a ductus pncumaticus for the supply of air. 
To @ve another instance from the vegetable kingdom : 
plants climb by. three distinct means, by spirally 
twining, by clasping a support with their sensitive 
tendrils, and by the emission of aerial rootlets; t,hese 
three means rare misally fnund in distinct grailps, ht 

some few species eshibit two of the means, or even all 
three, combined in the same individual. In all such 
cases one of the two organs mighht; readily be modified 
and perfected so as to perform all the work, being 
aided during the progress of modification by the other 
organ; and then this other organ might be modified for 
some other and quite distinct purpose, or be mholly 
obliterated. 

The illustration of the swimbladder’ in fishes is a 
good one, because it shows us clearly the highly 
important fact t,hat an organ originally constructed for 
one purpose., namely, flotation, may be converted into 
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one for a widely different purpose, namely, respira- 
tion. The swimbladder has, also, been worked in as an 
accessory to tlrc auditory organs of certain fishes. All 
physiologists admit that the swimbladder is homologous, 
or “ideally similar ” in position and structure with the 
lunkv of the higher vertebrate animals : hence there is 
no reason to doubt that the swimbladder has actually 
been converted into lungs, or an organ used exclusively 
for respiration. 

According to this view it may be inferred that all 
vurtebnttc: animals with true lungs are descended by 
ordinary generation from an <ancient and unknown 
prototype, which was furnished with a flontiug ap- 
paratus or swimbladder. We can thus, as I infer from 
Owen’s interesting description of theso parts, under- 
stand the strange fact that every parirticle of food and 
drink which we swallow has to pass over the orifice of 
the trachea, with some risk of falling into t*he lungs, 
notwithstanding the lwmi:ihl contrivance by which the 
glott,is is closed. In the higher Vertebrata the branchis 
have wholly disappeared-but in the embryo the slits 
on the sides of the neck and the loop-like course of the 
arteries still mark their former position. But it is 
conecivable that the now ut,terly lost branchim might 
have been gradually worked in by natural selection for 
some distinct purpose : for instance, Landois has shown 
that the wings of insects are developed from the 
trstche%; it is Ulerefore highly probable that in this 
great class organs which once served for respiration 
have been actually convcrbed into organs for flight. 

In considering transitions of organs, it ‘is so important 
to bear in mind the probability of conversion from one 
function to another, tlr& I will give another instance. 

l? 
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Pedunculated cirripedes have two minute folds of skin, 
called by me the ovigcrous frena, which serve, through 
the meaus of a sticky secretion, to retain the eggs until 
they are hatched within the sack. These cirrip:des 
have no branchim, the whole surface of the body and of 
the sack, together with the small frena, serving for 
respiration. The Ralaniclz.? or scssile cirripedes, on the 
other hand, have no ovigerous frena, the eggs lying loose 
at the bottom of the sack, within the well-enclosed 
shell ; but they have, in the same relative position with 
the frena, large, much-folded membmnes, which freely 
communicate with the circulatory lacunas of the sack 
and body, and which have been considered by all 
naturalists to act as branchice. Now I think no one 
will dispute that the nvigrrnl~s fren,z in the nnp. fnrnily 
are strictly homologous with the bmnchi~ of the other 
family ; incleed, they graduate into each other. Therefore 
it need not be doubted that the two little folds of skin, 
which originally served as ovigerous frena, but which, 
likewise, very slightly aided in ihe act of respiration, 
have been gradually converted by natural selection into 
branchi~, simply through an increase in their size and 
the obliteration of their adhesive gIands. If all pedun- 
eulntcd Grip&s had become extinct, and they have 
s71f&rerl far more extinction than have scssile cirripedes, 
who would ever have imn$:ed that the branchis in this 
latter family had originally existed as organs for pre- 
venting-the ova froiu lxiq washed out of the sack? 

There is another possible mode of transition, namely, 
thtough the acceleration or rehrdation of tho period of 
reproduction. This has lately been insisted on by Prof. 
Cope and others in the United States. It is now known 
that some animals are capable of reproduction at a very 
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e.arly age, before they have acquired their perfect 
characters ; and if this power became thoroughly well 
developed in a species, it seems probable that the adult 
stage of development would sooner or later be lost ; and 
in tl lis case, especially if the larva difyered much from the 
mature form, the character of the species would be greatly 
cl-~~gxl and degraded. Again, nut a few animals, after 
arriviug at maturity, go on changing in character during 
nenrly their whole lives. M’ith mammals, for instance, 
the form of the skull is often much altered with age, of 
which l)r. Mnrie has givm some striking instances with 
seals; every one knows how the horns of stags become 
more and more branched, and the plumes of some birds 
becoxile more finely developed, as they grow older. 
Prof. Cope states that the teeth of certain lizards change 
much in shape with advancing years ; with crustaceans 
not only many trivial, but some important parts assume 
a new character, as recorded by Fritz Miiller, after 
maturity. In all such cases,---and many could be 
given, -if the age for reproduction were retarded, the 
character of t,he species, at least in its adult state, would 
be modified ; nor is it improbable that the previous and 
earlier stages of development would in some cases be 
llurried Lhrongh and finally lost. Whether species have 
often or ever been modified through this comparatively 
sudden mode of +ansition, I can harm no opinion ; but; 
if this has occurred, it is probable that the differences 
between the young and the mature, and between the 
mature and the old, were primordially acquired by 
grxhmted steps. 
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Special .D@cultia of tibe T?Umy Of Xatural Selectim 

Although we must be extremely cautious in con- 
cluding that any organ could not hat-e been produced 
I by successive, small, transitional gradations, yet un- 
doubtedly serious cases of di%culty occur. 

One of t,he most serious is that of neuter insects, 
which are often differently constructed from either the 
males or fertile females ; but this case will be treated of 
in t,he next chapter. The electric organs of fishes offer 
;Lnotlrcr case of special difficulty ; for it is impossible to 
conceive by what steps these wondrous organs have 
hecn produced. But this is not surprising, for we do 
Ilot even know of what use they are. In the Gymnotus 
nncl ‘Torpedo they no doubt scrx as yuwarful means Of 

dcf’ence, and perhaps for securing prey ; yet in the Bay, 
as observed by Matteucci, an analogous organ in the 
t.ail manifests but little electricity, even when the 
;mimd is greatly irritated; SD little, that it can hardly 
be of any use for the above purposes. Moreover, in the 
Iby, besides the organ just referred to, there is, as Dr. 
X. 91’Donnell has shown, another organ near the hcsd, 
not known to be electrical, but which appears to be the 
real homologue of the e,lect.ric battery in the Torpedo. 
It is generally admitted that there exists between these 
organs and ordinary muscle a close analogy, in intimate 
structure, in the distribution of the nerves, and in the 
mrirtner in wl;ich they are acted on by various reagents. 
It should, also, be especially observed that muscular 
coutrnctlon is accompanied by an electrical discharge ; 
and, as Dr. l&adclXe insists, “ in t,he electrical apparatus 
of the torpedo during rest, there would seem to be a 
charge in every ,respect like that which is met with in 
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muscle and nerve during rest, and the discharge of the 
torpedo, instead of being peculiar, may be only another 
form of the discLarge which attends upon the action of 
muscle and motor nerve.” Beyond this we cannot at 
present go in the way of explanation ; but aa we know 
tie lit’tle about the uses of these organs, and ti we know 
nothing about the habits and structure of the progenitors 
of the existing electric fishes, it would be extremely 
bold tc maintain that no serviceable transitions are 
possible by which these organs might have bee.n gradu- 
ally developed. 

These organs appear at first to offer another and far 
more serious dificulty ; for they occur in about a dozen 
kinds of fish, of which several are widely remote in t,heir 
affinities. When the same organ is found in several 
members of the same class, especially if in members 
having very different habits of life, we may generally 
attribute its presence to inheritance from a common 
mcepitor ; and it3 nbscnc~c in Bomc of the members to 
loss through disuse or natural selection. So that, if the 
clcotrio organs h,ad been inherited from some one 
ancient progenitor, we might have expected that all 
electric fishes wonlrl have hwm spxis.lly re.la.ted to each 
other ; but this is far from the case. Nor does geolog) 
at all lead to the belief that most fishes formerly 
possessed electric organs, which their modified descend- 
ants have now lost. But when we look at the subject 
nlore closely, we find in the several fishes provided with 
elactric organs, that these are situated in different parts 
of zhe body,-that they differ in construction, as in the 
arrangement of the plates, and, according to Pa&i, in 
the process or means by which the electricity is excited 
-and lastly, in bein, cr supplied with nerves procestiing 
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from different sources, and this is perhaps the most 
im~xtanl uf dl Lb3 dilTert+nceS. Hence in the several 
fishes furnished with electric organs, these cannot be 
considered as homologous, but only as analogous in 
function. Consecfuently there is no reason to suppose 
that they have been inherited from a common pro- 
gcnitor ; for had this been the case they would have 
closely resembled each other in all respects. Thus the 
difficulty of an orgq apparently the same, arising in 
several remotely allied species, disappears, leaving only 
the lesser yet still great difficulty ; namely, by what 
graduated steps these organs have been developed in 
each separate group of fishes. 

The luminous organs which occ.ur in a few insects, 
belonging to widely difl’crent families, and which are 
situated in different parts of the body, offer, under our 
present state of ignorance, a difikulty almost exactly 
parallel mith that of the electric organs. Other similar 
cases could be @en; for iustance in plants, t&e very 
curious contrivance of a mass of pollen-grains, borne on 
a ibob-stalk with it11 adhesive gland, is apparently the 
same in Orcltis and Asclepias,-genera almost, as 
rcmotc as is possible amongst flowerirlg plants; hut 
here again the parts are not ho~uologous. In all cases 
of beings, far removed from enoh other in the scale UT 
organisation, which are furnished with similar and 
peculiar organs, it. will IN> found that although the 
general alrpearance and function of the organs may be 
the same, yet fundamental differences between them 
can always be detected. For instance, the eyes of 
cephalopods or cnttle-fish and of vertebrate animals 
appear wonderfully alike ; and in such widely sun- 
dered groups no part of this resemblance can be due 
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to inheritance from a common progenitor. Mr. Mivart 
has advanced this case as one of npccinl difficulty, but I 
am unable to see the force of his argument. An organ 
for vision must be formed of transparent tissue, and 
must include some sort of lens for throwing an image 
at the back of R darkened chamber. Beyond this 
superficial resemblance, there is hardly any real simi- 
larity between the eyes of cut&-fish and vertebrates, as 
may be seen by consulting Hensen’s admirable memoir 
on these organs in the Cephalopods. It is impossible 
for me here to enter on details, but I may specify a few 
of t,he points of difference. The crystalline lens in the 
higher cuttle-fish consists of two parts, placed one 
behind the other like two lenses, both having a very 
different structure and disposition to what occurs in the 
vertebrata The retina is wholly difErent, with an 
actual inversion of the elemental parts, and with a large 
nervous gan$ion included within the membranes of the 
eye. Tho relations of the muscles are w d&rent as it 
is possible to conceive, and so in other points. Hence 
it is not a litt.le dillimll Lo d&do how far even the 
same terms ought to be employed in describing the eyes 
of the Cephalopoda and Vertebratrr. It i6, of course, 
open to any one to deny that the eye in either case 
could have been developed through the natural selection 
of successive slight variations; but if this be admitted 
in the one case, it, is r,llparl’ly possible in the other ; ani 
fundamental differences of st,ructure in the visual organs 
of two groups might have been anticipated, in accord- 
ance with this view of their manner of formation. As 
txo men have sometimes inclependentIp hit on the same 
invention, so in the several foregoing cases it appears 
that natural selection, working for the good of each 



238 lXFFICULTIES OF THE THEORY [CUP. VI, 

being, and taking advantage of all favourable variations, 
has produced similar organs, RR far as function ‘is can- 
ccrned, in distinct organic beings, which owe none oE 
their structure in common to inheritance from a common 
progenitor. 

Fritz Miiller, in order to test the conclusions arrived 
at in this volume, has followed out with much care a 
nearly similar line of argument. Several families of 
crustaceans include a few species, possessing an air- 
breathing apparatus and fitted to live out of the water, 
In two of these families, which were more especially 
examined by Miiller, and whic~h are nearly related to 
each other, the species agree most closely in a11 impor- 
t’ant characters; namely in their sense organs, circula- 
ting system, in the position of the tufts of hair within 
their comple-x stomachs, and lastly iu the whole 
structure of the water-breathing branchim, cvcn to the 
microscopical hooks by which they nre. cleansed. Hence 
it might have been oxpeotcd that in the few species 

belonging to both families which live on the land, the 
equally-important air-breathing apparatus would have 
been the same ; for why should this one apparatus, given 
for the same purpose, have been made to difrer, whilst 
all the other important organs were closely similar or 
rather identical. 

Fritz MiilIcr argues that this close similarity in so 
many points of structure must, in accordance with the 
views advanced by me, be accounted for by inheritance 
from a common progenitor. But as the vast ma~jority 
of the species in the above two families, as well as most 
other crustaceans, aro aquatic in their habits, it is im- 
probable in the highest degree, that their common 
progenitor should have been adapted for breathing air. 
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Miiller was thus led carefully to examine the apparatus 
in the air-breathing species ; and he found it to differ in 
each in several important points, as in the position of 
the orifices, in the manner in which they are opened 
and closed, and in some accessory details. Now such 
dill’ercnces are intelligible, and might even have been 
expected, on the supposition that species belonging to 
distinct families had slowly become adapted to live 
more and more out of water, and to breathe the air. 
Yor these species, from belonging to distinct families, 
would have differed to a certain extent, and in ac- 
cordance with the principle that the nature of each 
variation depends on two factors, viz., the nature of 
the organism and that of the surrounding conditions, 
their variability assuredly would not have been exactly 
the same. Consequently natural se.lection would have 
had different materials or variations to work on, ;I, 

order to arrive at the same functional result ; and the 
structures thus acquired would almost necessarily ha\-e 
differed. On t)hc hypothesis of separate acts of creation 
tbo whole case rem&a unintelligille. This lint of 
argument seems to have had great weight in leading 
Fritz Miiller to accept the views maintained by me in 
this volume. 

Another distinguished zoologist. the late Professnr 
Claparkde, has argued in the same manner, and has 
arrived at the same result. He shows that there are 
parasit.ic mites (Acarids), belonging to distinct sub- 
families and families, which are furnished with hajr- 
claspers. These organs must have been independently 
developed, as they could not have been inherited from 
a common progenitor; and in the several groups they 
axe formed by the modification of the fore-legs,+f the 
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hind-legs,-of the maxillae or lips,-and of appendages 
on t,he 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, though 
not in development, closely similar. On the other hand, 
it is a common rule throughout nature that the same end 
should be gained, even sometimes in the case of closely 
related beings, hy the moat diversified means. How 
differently constructed is the feathered wing of a bird 
and the membrane-corcrod wing of a bat ; and st,ill mom 
so the four wings of a butterlly, the two wings of a fly, 
and the two wings with the elytra of a beetle. Eivalve 
shells are made to open and shut, but on what a 
number of patterns is the hinge constructed,-from 
the long row of neatly interlocking teeth in a Kucula 
to the simple ligament of a Mussel ! Seeds are dis- 
seminated 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 nut,ritious, as well as con- 
spiouuusly culou~~d, so ~1s to nttract and be devoured by 
birds,-by having hooks and grapnels of many kinds 
a11 d serrated awns, so as to adhere to the fur of 
quadrupeds,-aud by bein, (7 furnished with wings and 
plumes, as different in shape as they are elegant in 
structure, so as to be wafted by every breeze. I will 
give nne nther instance ; for this subject of the same 
end being gained by the most, diversified means well 
deserves attention. Some authors maintain that 
organic beings have been formed in many ways for 
the sake of mere variety, almost like toys in a slq~, 
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but such a view of nature is incredible. With plants 
having separated sexes, and with LLuue iu which, though 
hermaphrodites, the pollen does not spontaneously fall 
on the stigma, some aid is necessary for their fertilisa- 
tion. With several kinds. this is efl’ected by the 
pollen-grains, which are light and incoherent, being 
blown by the wind through mere chance on to the 
stigma ; and this is the simplest plan which can well 
be conceived. An almost equally simple, though very 
different, plan occurs in many plants in which a 
symmetrical flower secretes a few drops of nectar, and 
is consequently visited by insects ; and t,hese carry the 
pollen from the anthers to the sti ma. 

From this simple stage we ay pass through an 1 
inexhaustible number of contrivances, all for the same 
purpose and efrected in e.ssentially the same manner, 
but entailing changes in every part of the flower. The 
nectar may be stored in variously shaped receptacles, 
with the stamens and pistils modified in many ways, 
sometimes forming trap-like contrivances, and some- 
t.imcs capable of neatly adapted movements through 
irritability or elasticity. From such structures we msy 
aclvance till we come to 8~11 it case 01 cnkaurtiary 

adaptation as t,hhat lately described by Dr. Criiger in 
the Corjxnthcs. This orchid has part of its labellum 
or lower lip hollowed out into a great buc.ket, into 
which drops of almost puro water continually fall from 
two secreting horns which stand above it; and when 
the bucket is half full, the water nverflows by a 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 lateral entrances ; within this 
chamber there are curious fleshy ridges. The most 
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ingenious man, if he had not witnessed what takes 
place, could never have imagined what purpose aU 
these parts serve. But Dr. Criiger saw crowds of large 
humble-bees visiting the gigantic 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. Criiger saw a 
a‘ continual procession ” of bees thus crawling out of 
their involuntary bath. The passage is narrow, and is 
roofed over by the column, so that a bee, in forcing its 
way out, first rubs its back against t.he viscid stigma 
and then ngninst the Gscid glands ul the pollen-masses. 
The pollen-masses are thus glued to the back of the bee 
which first happens to crawl out through the passage of 
a lately expanded flower, and are thus carried away, 
Dr. Criiger sent, me a flower in spirits of wine, with a 

bee which he had killed be.fore it had quite crawled out 

wit,h a pollen-mass still fastened to its hack. When the 
hee, thus provided, flies to another flower, or to the 
same. flower a second time, and is pushed hy its 
comrades into the bucket and t’hen crswls ant by the 
passage, the pollen-mass necessarily comes first into 
contact with the viscid stigma, and adheres to it,, and 
t,he flower is fertilised. Now at last we see the full 
use of every part of the flower, of the water-secretiug 
horns, of the buc.ket half full of water, which prevents 

t,ho bees from flying away, and forces them to craw] 
out through the sput, and rub against the properly 

placed viscid pollen-masses and the viscid stigma. 
The construction of the flower in another &se!g 



CaAr. VI.] OF NATURAL SELEOTION. 243 

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 
rnavitably touch a long, tapering, sensitive projection, 
IJT, as I have called it, the antenna. This antenna, 
when touched, transmits a sensation or vibration to a 
certain membrane which is instautly ruptured; this 
sets free a spring by which the pollen-mass is shot 
forth, like an arrow, in the right direction, and adheres 
IIT its viscid cxtrernity to the back of the bee. The 
pollen-mass of the male plant (for the sexes are separate 
in this orchid) is thus carried to the flower cf the female 
plant, where it is brought into contact with the sti,gma, 
which is viscid enough to break certain elastic threads, 

and retaining the pollen, fertilisation is elrected. 
How, it may be asked, in the foregoing and in 

innumerable other instances, can we understand the 
graduated scale of complexity and the multifarious 
means for gaining the same end. The answer no 
doubt is; as already remarked, that when two forms 
vary, which already differ from each other in some 
slight degree, the variability will not be of’ the saint: 

exact nature, and consequently the results obtained 
thron,rh natural selection for the same general purpose 
will not be the same. We should also bear in mind 
that every highly developed organism has passed 
through many changes ; and that each modified struc- 
ture tends to be inherited, so that each modification 
will not readily be quite lost, but may be again aud 
again further altered. Hence the structure of each 
part of each species, for whatever purpose it may 
serve, is the sum of many inherited changes, through 
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wllil;h the species has passed during its successive 
adaptations to changed habits and conditions of life. 

FinaIIy then, although in many cases it is most 
difficult even to conjecture by what transitions organs 
have arrived at their present state ; yet, considering 
how small the proportion of living and known forms is 
tn the. extinct and unknown, I ha-r;e Lean astonished 
how rarely an organ can be named, towards which no 
transitional grade is known to lead. It certainly is 
t.rue, that new organs appearing as if created for some 
special purpose, rarely or never appear in any being ;- 
as indeed is shown by that old, but somewhat ex- 
aT;erttted, canon in natural history of “ Nataura non 
facit saltum.” We meet with this admission in the 
writings of almost every experienced naturalist ; or as 
Milne Edwards has well es-pressed it, Nat.ure is prodigal 
in variety, but niggard in innovation. Why, on the 
theory of Creation, should there be so much variety 
and so little real novelty ? Why should all the parts 
and organs of many independent beings, each supposed 
to have been separately created for its proper place in 
IA,UN, be so commonly linked together by graduated 
steps ? Why should not Nature take a sudden leap 
frown strucr;ure to structure ? On the theory of natural 
selection, we can clearly understand why she should 
not ; for rlaturnl selection acts only by taking ad- 
vantage of slight successive variations ; she can never 
take a gre2.t and sudden leap, but must advauoe by 
short ‘and sure, though slow stcpa 



Cbyana of little apparent Importance, as ajedctl by 
iVatura1 Selection. 

As natural selection acts by life and death,-by the 
survival of the fittest, and by the destruction of the 
less well-fitted individuals,-1 have sometimes felt 
great difficulty in understanding the origin or forma- 
tion of parts of little importance ; almost as great, 
though of a very difl’erent kind, 5~s in the case of the 
most perfect and complex organs. 

In the first place, we are much too ignnrant in regard 
to the whole economy of any one organic being, to say 
what slight modifications would be of importance or 
not. In a former chapter I have given instances of 
very trifling characters, such as the down on fruit and 
the &our of its flesh, the colour of the skin and hair of 
quadrupeds, which, from being correlated with consti- 
tutional differences or from determining the attacks 
of insects, might assuredly ba acted on by natural 
selection. The tail of the giralf’e looks like an 
artificially constructed fly-flapper; and it seems at 
first incredible t11aL f&s could have been adapted for 
its present purpose by successive slight modifications, 
oaoh bettor and better fitted, for so Lrifling an object as 
to drive away flies ; yet we should pause before being 
too positive even in this case, for we know thaL the 
distribution and existence of cattle and other animals 
in SoutEl Ammica nhsoll~t~ely 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. It is not 
that the larger quadrupeds are actually dest.royed 
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(except in some rare cases) by flies, but they are 
incessantly harassed and their strength reduced, so that 
they are more subject to disease, or not so well enabled 
in a coming dearth t,o search for food, or to escape 
from beasts of prey. 

Organs now of trifling importance have probably 
in some cases been of high importance to an early 
progenitor, and, after having been slowly perfected 
at a former period, have been transmitted to existing 
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. Swing how important an organ of 
locomotion the tail is in most aquatic animals, its 
~enaral prcseucc and WC for many purposes in so many 

land animals, which in their lungs or modified swim- 
bladde.rs betray their aquatic origin, may perhaps be 
thus accoumed for. &4 well-developed tail having been 
formed in an aquatic animal, it might subsequently 

come to be worked in for all sorts of purposes,-as a 
fly-flapp~, an nrgan of prehension, or as an aid iu 
turning, as in the case of the dog, though the aid in 
this latter respect must be slight, for the hare, with 
hardly any tail, can double still more quickly. 

In the second place, we may easily err in attributing 
importance to charnct.ers, and in believing that they 
have been developed through natural selection. We 
must by no means overlook the effects of the definite 
action of changed conditions of life,-of se-called spon- 
taneous variations, which seem to depend in a q&e 
subordinate degree on t,he nature of the conditions,-of 
the tendency to reversion to long-lost characters,-of 
the complex laws of growth, such as of correlation, 
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compensation, of the pressure of one part on another, 
&c.,--aud finally of sexmll selection, by whioh characters 
of use to one sex are often gained and then transmitted 
more or less perfec.tly to the other sex, though of no use 
to this sex. But structures thus indirectly gained, 
although at first of no advantage to a species, may 
subsequently have been taken advantage 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 we should have thought that t.he green 
ctilour was a beautifkl adaptation to conceal this tree- 
frequenting bird from its enemies ; and consequently 
that it was a character of importance, and had been 
ncqnired through natural selection ; as it is, the colour 
is probably in chief part due to sexnal selection. A 
traiIing palm in the IUal;ty Archipelago climbs the 
leftiest trees by tllc nid of exqGaitoly uonstrucfed hooks 
clustered around the ends of the branches, and this 
contrivance, no doubt, is of tllc highest service ~0 the 
plant; but as we see nearly similar hooks on many 
t,yees -&ich are not, r.limhs, and T&CL, a3 there is 

reason to believe from the distribution of the t~horn- 
beariug species in Africa and South America, serve 8~ f~ 
defence against browsing quadrupeds, so the spikes on 
the palm mlty at 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 ;LB 
a direct adaptation for wallowing in putridity ; and go 
it may be, or it may possibly be due to the direct action 

13 
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of putrid matter; but we should be very cautious in 
drawing any such inference, when we see that the skin 
on the head of the clean-feeding m4e Turkey is likewise 
naked. The sutures in the skulls of young mammals 
have been advanced as a beautiful adaptation for aiding 
parturition, and no doubt they filcili&Lc, or may be 
indispensable for this act; but as sutures occur in the 
skulls of young birds and reptiles, which have only to 
escape from a broken egg, we may infer that this 
st;rwiure has arisen from the laws of growth, and hag 
been taken advantage of .in the parturition of the higher 
animals. 

We are profoundly ignorant of the cn77se of each 
slight vnridion or inilivitlu:J tliifercncc, ; and we are 
immediately made conscious of this by reflc&ing on the 
tlifl’crences between the breeds of our domestic&xl 
animals in diffcreut countries,-more espcc~ially in the 
less civilized countries where there has been but little 
methodical selection. Animals kept by savages in 
different countries often have to ‘struggle for their own 
subsistence, and are exposed to a certain extent to 
natural selection, and individu:iIs with slig17tly diit’erent 
constit7ltions would succeed best under diKerent 
climates. With cattle snsceptibility to the attacks 
of ilies is c.orrelated with colour, as is the liobiliLy LO LU 
poisoned by certain plants ; so that even colour would 
Ire thus subjected Lo ~11e action of natural aelcction. 
Some observers are convinced tllih a damp climate 
affects UK. growth of the hair, and that with the hair 
the horns are correlated. Mountain breeds always 
differ from lowland breeds ; and a mountainous country 
would prolbably aff’cct the hind limbs from exercising 
thorn more, and pw4lJy even the form of the pelvis ; 
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and then by the law of homologous variation, the front 
limbs and the head would probably be affected. The 
shape, also, of the pelvis might affect by pressure the 
t$i\lle of certain parts of the young in the womb. The 
laborious breathing necessary in high regions tends, as 
WC ham good reason to believe, to incrcuse the size of 
the chest ; and agaiin correlation would come into play. 
The cfkcts of lessened exercise together with abundant 
food on the mhole organisation is probably still more 
important, ; nnrl this, a-q H. van RTatllusius hm lntcly 
shown in his excellent Treatise, is apparently one chief 
cause of the great modification which the breeds of 
swine have undergone. But we are far too ignorant to 
spcc.ulate on the relative importance of the severa. 
known and unknown causes of variation ; and I have 
made these remarks only to show that, if we are 
ur~al~le to account for the chnmc~kristie dif’f’crences 
of our several domestic breeds, which nevert,heless are 
generally admitted to have arisen tlIrough ordinary 
generation from one or a few parent-stocks, we ought 
not to lay too much stress on our ignorance of the 
precise cause of the slight analogous differences betwccrt 
true syuaies. 

The foregoing remarks lead me to say a few words on 
tha protat 13tcly mado by some n~tllrdists, itgailkjl the 
utilitarian doctrine that every detail of structure has 
been produced for the good of its possessor. They 
believe that many structures have been created for t,hc 
s&e of beauty, to delight mall or t#he Creator (hut this 
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latter point is beyond the scope of scientific discussion), 
or for the sake of mere variety, a view already discussed. 
Such doctrines, if true, would be absolutely fatal to my 
theory. I fully admit that many structures are now of 
no direct use to their possessors, and may never have 
been of any use to their l)rogrcnitors ; but this clues not 
prove that they were formed solely for beauty or variety. 
No doubt the definite action of changed conditions, and 
the various causes of modifications, lately specified, 
hue all produced an effect, prnlmhly a great efEmt, 
independently of any advantage thus gained. But a 
still more important consideration is tlr3t the chief 
part of the oqanisstion of every living creature is due 
to inherittincc ; and consctlueutly, thou$ each being 
assuredly is well fitted for its place in nature, many 
structures have now no very close and direct relation to 
present, habits of life. Thus, we can hardly believe 
that the webbed feet of the upland goose or of the 
frigate-‘bird are of special use to these birds; we cannot 
believe that the similar bones in the arm of the. 
nlonkey, in Ihe fore-leg of the horse, in the wing of 
the bat, and in the flipper of t.lle seal, are of special 
use to these anirnds. We may sufcly attribute these 
structures to inheritance. But webbed feet no doubt 
mere m useful to the progenitor of the upland goose 
and of the frigate-bird, as they now are to the most 
quatio of living birds. So we ru~t;y L&eve that the 
progenitor of the seal did not possess a flipper, but a 
fdot with five toes fitted for walking or grasping; and 
we may further venture to believe that the several 
bones in the limbs of the monkey, horse, and bat, 
were originally developed, on the principle of utility, 
probably through the reduction of more numernua 
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bones in the fin of some ancient fish-like progenitor of 
the whole dnss. It is scarcely possible tn dwAle how 

much allowance ought to be made for such causes of 
change, as the definite action of external conditions, 
so-called spontaneous variations, and the complex laws 
of growth ; but with these important exceptions, we 
may conclude that the structure of every living creature 
either now is, or was formerly, of some direct or indirect 
use to its possessor. 

With respect to the belief that organic beings have 
been created beautiful for the delight of man,-a belief 
which it has been pronounced is subversive of my 

whole theory,-1 may first remark that the sense of 
beauty obviously depends on the nature of the mind, 
irrespective of any red quality iu the admired object ; 

and that the idea of what is beautiful, is not innate or 
unalr;erable. We see this, for instance, in the men of 
difl’erent races admiring an entire.ly different standard 
of beauty in their women. If beautiful objects had 

been created solely for man’s gratification, it ought to 
be shown that be.fnre man sppeard, there was less 

beauty on the face of the earth than since he came on 
the stage. Were the beautiful volute and cone shells 
of the Eocene epoch, and the gracefulIy sculptured 
ammonites of the Secondary period, created that man 
]night ages afterwards admire them in his cabinet z 
r’c\v objects are more beautiful than the minute 
siliceous cases of the diatomaca: were these created 
that they might be examined and admired under the 
higher powers of the microscope ? The beauty in this 
];itter case, and in many others, is apparently wholly 
due to symmetry of growth. Flowers rauk amongst 
the most beautiful productions of nature; but they 
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have been rendered conspicuous in contrast with the 
green leaves, and in consequence at the same time 
beautiful, so that they may be easily observed by 
insects. I have come to this conclusion from finding it 
an invariable rule that when a flower is fcrtilised by 
the wind it never has a gaily-coloured corolla. Several 
plants habitually produce two kinds of flowers ; one 
kind open and coloured so as to attract insects ; the 
other closed, not colonred; destitute of nectar, and never 
visited by insects. Hence we may conclude that, if 
inaecta had not been developed on the face of the earth, 
our plants would not have been dec.ked with beautiful 
flowers, but would have produced only such poor flowers 
as we see on our fir, oak, nut and ash trees, on grasses, 
spirlnch, docks, and nettles, which we a11 f’crtiIiucd 
through the agency of the wind. A similar line of 
argument holds good with fruits ; that a ripe strawberry 
or cherry is as pleasing to the eye w to the palate,- 
that the gaily-coloured fruit of the spindle-wood tree 
and the scarlet berries of the hoIly arc beautiful objects, 
-will be admitted by every one. Rut this beauty 
serves merely as a guide to birds and beasts, in order 
thnt the fruit may be devonrd ad the ~nutnred seeds 
disseminated: I infer that this is the exe. from having 
as yet found no exception to the rule that seeds are 
always thus disscminnted when embedded within a 
fruit of any kind (that is Tvitllin a fleshy or pulpy 
envclopc), if it be coloured of any brilliant tint, or 
rendered conspicuous by being white or black. 

On the other hand, I willingly admit that a great 
number of male animals, a8 all our most gorgeous birds, 
some fishes, reptiles, and mammals, and a host of 
magnificently colourcd butterflies, have been rc.ndered 
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beautiful for beauty’s sake; but this has been effected 
through sexual selection, that is, by the more beautiful 
males having been continually preferred by the fema,lcs, 
snd not for the delight of man. So it is with the music 
of birds. We may infer from all this that a nearly 
similar taste for beautiful colours and for musical 
srmnds runs l~ltrou$ a large part of the animal kingdom. 
When the female is as beautiii~lly coloured as tit male, 
which is not rarely the case with birds and butterflies, 
the cause apparently lies in the colours acquired 
through sexual selection having been transmitted LO 
both sexes, instead of to the males alone. l-low the 
sense of beauty in its simplest form-that is, the 
reception of a peculiar kind of pleasure from ‘certain 
colours, forms, and sounds-was first. &v&pod in the 
mind of man and of the lower animals, is a very 
obscure subject. The same sort of diffkulty is pre- 
scntod, if we enquire how it is that certain flavours and 
odonrs give pleasure, and others displeasure. II&it in 
all these cases appears to have come to a certain ext,cnt 
into play ; but there must be some fundamental cause 
in the constitut~ion of the nervous system in each 
species. 

Natural selection cannot possibly produce any modi- 
Dcatiorl in a species exclusively for t,he good of another 
species ; tllough throu$lout nature one species in- 
cessanLly t&cs &vaIlLitge of, and profits by, the 
structures of others. But natural selection can a1 td 
dots often produce structures for the direot injury of 
other anin&, as we see in the fang of the adder, and 
in the ovipositor of the ichuenmon, by which its eggs 
are deposited in the living bodies of other insects. If 
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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 mould annihilate my theory, for such 
could not have been produced through natural selection. 
Although many statements may be found in works on 
natura.1 history to this effect, I cannot find even one 
which seems to me of any weight, It is admitted that 
the rattlesnake has a poison-fang for its own defence, 
and for the destruction of its prey ; but some authors 
suppose that at the same time it is furnished with a 
ratllc: J%or ilu own injury, namely, to warn its prey. I 
would almost as soon believe that t,he cat curls the end 
of its ta.il when preparin,n to spring, in order to warn 
the doomed tiouse. It is a much more probable view 
that the rettlosndm uaca its rattle, the cobra axpads 
its frill, and the pufr-adder swells whiIst hissing so 
loudly and harshly, in order to alarm the many birds 
and beasts which are known to attack even the most 
venomous species. Snakes act on t,he same principle 

which makes the hen rufHe her feathers and expand 
her wings when a dog approaches her chickens ; but 
I haye not space here to cnlnrge on the many ways 
by which animals endcavour to frighten away their 
enemies. 

?u’atnral selection will neyer produce in a being any 
structure more injurious than beneficial to that being, 
for naturnl sclcction acts solely by and for the good of 
each, Xo organ will be f~~rmecl, as I’alcy has remarked, 
for the purpose of causing pain or for doing an injury 
to its possessor. If a fair balance be struck between 
the good and evil caused by each part, each will be 
found on t#he whole advantageous. After the lapse of 
time, under chan$n:: conditions of life, if any part 
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comes to be injurious, it will be modified; or if it be 
not so, the being will become extinct as myriads have 
become extinct. 

Natural selection tends only to make each organic 
being as perfect as, or slightly more perfect than, the 
other inEsbitants of the same country with which it 
comes into competition. And we see that this is the 
standard of perfection attained under natme. The 
endemic productions of New Zealand, for instance, are 
perfect one compared with another ; but they are no& 
rapidly yielding before the advancing legions of plants 
and animals introduced from Europe. Natural selection 
will not produce absolute perfection, nor do we always 
meet, as far as we can judge, with this high standard 
under nature. Thecorrection for the alrorraLivn of lighht 

is said by Miiller not to be perfect even in that most 
perfect organ, the human eye. Kelmholtz, whose 
jltdgment no one will dispute, after describing in the 
st,rorypt terms the monderi’ul powcr~ of the human q-e, 

adds these remnrknble words : “ That which we have 
discovered in the way of inexnet,nega and imperfection 
in the optical machine and in the image on the retina, 
is as nothing in comparison with the incongruitiw 
which we have. just come across in the domain of the 
sensations. One might say that nature has taken 
delight in accumulating contradictions in order to 
remove all foundation from the theory of a prc-existing 
harmony between the external and internal worlds.” 
If our reason leads us to admire with enthusiasm a 
multitude of inimitable cont,rivances in nature, this 
same reason tells us, though we may easily em on both 
sides, that some other contrivances are less perfect. 
Can we consider the sting of the bee as perfect, which, 
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when used against many kinds of enemies, cannot be 
withdrawn, owiug to the backward serratures, and thus 
inevitably causes the death of the insect by tearing out 
its viscera ? 

If we. look at the sting of the bee, as having existed 
in a remoto pro;c.nitor, as a boring and serrated instrn- 
nient, like that in so many members of the same great 
order, and that it has since been modified but not 
perfected for its present purpose, with the poison 
originally adapted for some other object, such as to 
produce galls, since intensified, we can perhaps under- 
stand how it is that the use of the sting should so often 
cnusc the insect’s own death: for if on the whole the 
power of stingin, m be useful to t,he social community, it 
will f&X all the reciuirernents of natural selection, 
though it may cause t,he death of some few members. 
If we admire the truly wonderful power of scent by 
which the males of many insects find their females, can 
WC admire the production for this single pnrpose of 

thousands of drones, which are utterly useless to the 
nnmmunity for any other purpose, and which are 
ultSimatcly slaughtered by their industrious and sterile 
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 daughters, 
as soon as they are born, or to perish herself in the 
combat ; for undoubtedly this is [or the good of the com- 
munity ; and maternal love or maternal hatred, though 
the latter fortunately is most rare, is all the same to the 
inexorable principle of natural selection. If we admire 
the several ingenious contrivances, by which orchids 
and many other plants are ferbilised through insect 
agency: can we consider as equally perfect the elabora- 
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tion of dense clouds of pollen by our fir-trees, so that a 
few granules may be wafted by chance on to the 
ovdeu 1 

We have in this chapter discussed some of the 
difficnlt,ies and objections which may be urged agninst 
the theory-. Xauy of Lhu~ LUX aeriuuu ; 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 obscure. We have seen that species at any 
one period am not indefinitely vnriablc, and arc not 
linl<ed together by a multitude of intermediate gada- 
tions, partly because the process of natural selection is 
always very slow, and at any one time acts only on a few 
forms ; aud partly because the very groecss of nntuml 
selection implies the cout.inual supplanting and extinc- 
t.ion of preceding and intermediate gradations. Closely 
allied species, now living bn a continuous area, must 
&en have been formed when the area was not con- 
tinuous, and when the conditions of life did not insen- 
sibly graduate away from one part to another. When 
two varieties arc formed in two districts of a continuous 
area, an intermedinto variety will often be formed, 
fitted for an intermediate zone; but from reasons 
assigned, the intermediate variety will usually exist in 
lesser rmmbers than the two forms which it connects ; 
consequently the two latter, during t,he ) Course of 
further modification, horn existing in greater numbers, 
will have a great atlvnritnge over the less numerous 
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intermediate variety, and will thus generally succeed in 
supplanting and exterminating it. 

We have seen in this chapter how cautions we should 
be in concluding that the most different habits of life 
could not graduate into each other; that a bat, for 
instance, could not have been formed by natural 
selection from an animal which at first only glided 
t,hrongh the air. 

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

Although the belief that an organ 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 gradations in complexity, 
each good for its possessor, then, under changing con- 
ditions of life, there is no logical impossibility in the 
acquirements of any conce.ivable degree of perfection 
through natural selection. In the cases in which we 
know of no intermediate or transitional states, we 
s~~~~ltl be extremely cautious in concluding that none 
can llave existed, for the metamorphoses of many organs 
show what wonderful cbannges in function are at least 
possible. For instance, a swimbladder has apparently 
beelt converted irllo an air-breathing lung. The same 
organ having performed simultaneously very different 
functions, a,nd then having been in part or in whole 
specialised for one function; and two distinct organs 
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having performed at the same time the same function, 
the one having been perfected whilst aided by the 
other, must often have largely facilitated transitions. 

We have seen that in two beings widely remote from 
each other in the natural scale, organs serving for the 
same purpose and in external appearance closely 
similar may have lyceum separately and independently 
formed; but when such organs are closely examined, 
essential differences in their st;ructure can almost 
always be tletccted; and this naturally follows from the 
principle of +atuxJ select&. On the other hnnd, the 
common rule throughout nature is infinite diversity of 
structure for gaining the same end; and this again 
naturally follows from the same great principle. 

ln many cases we are far too i,gorant to be enabled 
to assert that a part or organ is so unimportant for tile 
welfare of a species, that motlilkations in its structure 
could not have been slowly accumulated by means of 
natural selection. In many other cases, modikations 
are probably tlke direct result of the laws of variation or 
of growth, independently of any good having been thus 
gained. But oven such structures have often, as we 
may feel assured, been subsequently taken advant,age 
of, and still further modified, for the good of species 
under new conditions of life. We may, also, believe 
that a part formerly ul’ high inlpurkance has lIeque~~lly 
been retained (as tlke tail of an aquatic animal by ite 
terrestrisll descendants), though it Las become of ancll 
small importance that it could not, in its present state, 
have been acquired by means of natural selection, 

Natural selection can produce nothing in one species 
for the exclusive g00a or injury of anothtir ; though it 

my well produce parts, organs, and excretions highly 
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useful or even imlispensnble, or again highly injurious 
to another specks, but in all cases at the same 
time useful t.0 the possessor. In each well-stocked 
c.ountry natural selection acts throu$ the competition 
of the inhabitants, and consequently leads to success in 
the battle for life, only in accordance with the standard 
of that pitltic;ula.T country. Hence the inhabitants of 
one count,ry, generally the smaller one, often yield to 
the inhabitants of another and generally the larger 
country. For in the larger country there will have 
existed mare individuds and mure diversified forms, 
and t,he competition will have been severer, and thus 
the standard of perfection will have been renderul 
higher. S:ttnr:~l selection will not neccssnrily lead to 
nl~33Iute perfect&n ; nor, ns ftw x9 we em judge Ly our 
lir &ccl fncultica, can ubsuluk perfection be everywhere 
predicnt0.l. 

On the theory of natural selcc,tion we can clearly 
understand the full meaning of that old cnllan in 
natural history, ” Natura non facit salturn.” This 
cancu~, if we look to the present inhabitants alone of t11e 
worhl, is not strictly correct; but if we iriclrido a11 
those of past times, wbcther 1om~v-n or ui~know~i, it 
must on this tl~eory be strictly true. 

It is ge.uerally nc.knoule~l:,rcd that all organic beings 
have. l~een f’urmecl on two great laws--Unity of Tyyc, 
rind the Conditions of l3xistericc. I$ unity of type is 
meant that iuntlamenVd1 aqeement in structure which 
we see in orpnic beings of the same class, aml which is 
quite independent ol Iheir habits of life. Un my 
theory, unity of type is explained by unity of descent. 
The expression 0Y conditions of esktence, so often 
insisted on by tlic illustrious Cnvier, is fully emtracod 
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by the principle of natural selection. For natural 
selection acts by either now adapting the varying 
parts of each being to its organic aud inorganic con- 
ditions of life ; or by having adapted them during past 
periods of time: the adaptations being aided in many 
cases by the increased use or disuse of parts, being 
ctffccted II)- the &r~t action of the external conclitions 
of life, and sub,jected itI iill cases to the several laws of 
growth and variation. Hence, in fact, the law of the 
Conditions of Existence is the higher law ; a3 it 
includes, through the inhoritnncc of former variations 

and adaptations, tha.t of Unity of Type. 
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CHAPTER VII. 

MISCELLANEOUS OBJECTIONS TO THE THEORY 01 
NATURAL SELECTION. 

I.ongcvity-Modific,nti~ns not naoes~rily simultaneous-MndiAca- 
Cons spparentlv of nn direct service-Yrogrcssive development 
--Chni-:lctcrs ot: small funcrional importnncc, the most co&nut 
--Supposed incompetence of natural selection to account fur 
the incipient stngcs of useful structures--Causes which inter- 
fere v,rith Ihe ncqnisitinn through nat~~r4 &u&on of use(L1 
st.ruct,ares---~fadatinns of structure wi!h changed functions- 
Widely difl’erent organs in members of the same &ass, developetl 
from one tmd. the same source-l&sons for disbelieving in great 
and abrupt motiifications. 

I WILL devote this chapter to the consideration of various 
miscellaneous objections which have been advanced 
a+nst my views, as some of the pixvious discussioua 
may thus be made clearer; but it ~oulcl be useless to 
discuss :111 of them, as many have been made by writ.ers 
who have not taken the troubl,le to understand the 
subject. Thus a distinguished German n&udist has 
asserted that the weakest part of my theory is, that I 
cuxklur nil urg:de beings as imperfect: what 1 have 
really said is, that all are not aa perfect as they might 
have beeri in relation to tLuir conLtitions; and tllis is 
shown to be the case by so many native forms in many 
quarters of the world having yielded their places tu 
intruding foreigners. Nor c&n organic beings, even if 
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they were at any one time perfectly adapted to their con- 
ditions of life, have remained so, when their conditions 
changed, unless they themselves likewise changed 
and no one will dispute that the physical conditions of 
each country, as well as the numbers and kinds of its 
inhabitants, have unclergone many mutations. 

A c&c 1~s lately insisted, wit.h some parade of 
mathemat.ical accuracy, that longevity is a great advan- 
tage to all species, so that he who believes in natural 
selection “must arrange his genealogical tree ” in such 
a manner that all the deacemlants have longer lives 
than their progenitors I Cannot our critic concei.ve that 
a biennial plant or one of the lower animals might range 
into a cold climate and perish there every winter ; and 
yet, owing t,o advantages gained through natural sclce- 
tion, survive from year to year by means of its seeds or 
ova ? Mr. E. Ray Lankester has recently discussed this 
snbject, and ho concludes, as far as its extreme com- 
plexity allows him to form a juclyment, that longnvity 

is generally related to the standard of each species in 
the scale of organisation, as well as to the amount of 
expenditure in reproduction and in general activity. 
And t,hese conditions have, it, is probable, been largely 
determined t,hrough natural selection. 

It has been argued that, as none of the animals and 
plants of Egypt, of which we know anything, have 
changed durin;: the last three or four thousand years$ 
SO probably have nune in any part of the world. But, 
as Mr. G, H. Lewes has remarked, this line of argument 
proves too much, for the ancient domestic races figured 
on the Egyptian monuments, or embalmed, are closely 
similar or even identical with those now living; yet all 
naturalists admit that such races have been produced 

19 
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t,hrough the modification of their original types. The 
many animals which have remained unc,hanged since 
the commencement of t,he glacial period, would have 
been an incomparably stronger case, for these have been 
ox~~osed to great changes of climate and have migrated 
over great distances ; whereas, in Egypt, during the last 
several thousand years, the conditions of life, ‘W far as we 
&now,haqe re,maincd absolutely uniform. The fact of little 
or no modification having been effected since the glacial 
period wo{Jd have been of some avail against those who 
Lelieve iu an innate and necessary law of developme~lL, 

but is powerless against the doctrine of natural selec- 
lion or the anrvival of the fittest, which implies that 
wllen varintlons or individual differences of a beneficial 
ri:tturo haplen to arise, these will be preserved; but 

this will be effected only under certain favourable 
circumstances. 

The celebrated palaeontologist, Bronn, at the close of 
his German translation of this work, asks, how, on the 
principle of natural selection, can a variety live side by 
side with the parent species 7 If both have become 
fitted for slightly difrerent habits of life or conditions, 
they might live together ; and if we lay on one side 
polymorphic species, in which the variability seems to 
be of a peculiar nature, and all mere tempomry varia- 
tions, such as size, albinism, &c., the more permanent 
varieties are generally found, as far as I can discover, 
itlhabitin~ distinct stations,-such as high land or low 
land, dry or moist districts. -Moreover, in the case of 
animals which wander much about and cross freely, 
their varieties seem to be gencra.lly confined to distinct 
regions. 

Bronn also insists that distinct species never differ 
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from each other in single characters, but in many parts ; 
and he asks, how it always comes that many parts 
of the organisation should have been modified at the 
same time through variation and natural selection ? But 
there is no necessity for supposing that all the parts of 
any being have been simultaneously modified. The 
most striking modifications, excellently adapted for 
some purpose, might, as was formerly remarked, be 
acquired by successive variations, if slight, first in one 
part and then in another; and as they would be trans- 
mitted dl togetllcr, they would app~r to us as if they 
had been simultaneously developed. The best answer, 
however, to the above objection is afforded by those 
domestic races which have been modified, chiefly through 
man’s power of selection, for some special purpose. L,oc& 
at the race and dray horse, or at the grcg-hound and 
mnstiff. Their whole frames and eve.n their mental 
characteristics have been modilied; but if WC could 
trace each step in the history of their transformntion, 
-and the latter steps can be traced,-we should not 
see great and simultaneous changes, but first one part 
and then another slightly modified and improved. Even 
when selection has been applied by man to some one 
ch:l.racter alone,-of which our cuhivated plants offer 
the best instances,-it will invariably be found that 
although this one part, whether it be the flower, fruit, 
or leaves, has been greatly changed, aImost all the other 
parts have been slightly modilied. This may be attri- 
buted partly to the principle of correlated growth, and 
pdrhly b0 XJ-cdlk~ spu~laueuus variation. 

A much more serious ob,jection has been urged by 
Bronn, and recently by Broca, namely, that many &a- 
wcters ilppear to be of no service whtever to their 
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possessors, and therefore cannot have been influenced 
through natural selection. 13ronn adduces the length 
of the ears and tails in the different species of hares and 
mice,-the complex folds of enamel in the teeth of many 
animals, and a multitude of analogous cases. With 
respect to plants, this subject has been discussed by 
Nageli in an admirable essay. He admits t,hat natural 
selection has effected much, but he insists that the 
families of plants differ chiefly from each other in morpho- 
logical characters, which appear to be quite unimportant 
for Lhe welfare of the species. Ho consequently believes 
in an innate tendency towards progressive and more 
perfect development. He specifies the arrange.ment of 
the cells in the tissues, and of the leaves on the axis, as 
~:neoo in whioh natural seloation oould not hnvo notutl. 
To these may be added the numerical divisions in t,he 
parts of the flower, the position of the ovules, the 
shape of the seed, when not of any use for dissemina- 
tion, cstc. 

There is much force in the above objection. Never- 
theless, we ought, in the first place, to be extremely 
cautious in pretending to decide what structures now 
are, or have formerly been, of use to each species. 111 

the second plac,e, it should always be 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 a part, mutual pres- 
sure, an early developed part affecting one subsequently 
developed, and so forth,-as well as through other causes 
which lead to the many mysterious cases of correlation, 
which we do not in the least understand. These agencies 
may be all grouped together, for the sake of brevity, under 
the expression of the laws of growth. In the third place, 
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we have to allow for the direct and definite a&ion of 
c.hanged conditions of life, and for so-called spontaneous 
variations, in which the nature of the conditions ap- 
parently plays a quite subordinate part. Bud-variations, 
such as the appearance of a moss-rose on a common rose, 
or of a nectarine on a peach-tree, offer good instances of 
spontaneous variations ; but even in these cases, if we 
bear in mind the power of a minute drop of poison in 
producing complex galls, we ought not to feel too sure 
that the above variations are not the effect of some local 
change in the nature of the sap, due to some change in 
the conditions. There must be some efficient cause for 
each slight individual difference, as well as for more 
strongly marked variations which occasionally arise ; and 
if the unknowns came were to act persistently, it is almost 

certain that all the individuals of the species would be 
similarly modified. 

ln the earlier editions of this work I under-rated, as 
it nnm sc’c~ns ~~iw~~~l-~l~, th frquei1cy and importnnce of 

ITlcJdifkatbnS due to SpOlltaneOUS variability. But it is 
impossible to attribute to this cause the innumerable 
structures which are so well adapted to the habits of life 
of each species. I can no more believe in this, than 
tl lat the well-adapted form of a race-horse or greyhound, 
whic.11 before the principle of selection by man was 
well understood, excited so much surprise in the minds 
of the older naturalists, can thus be explained. 

It may be worth whi10 to illustrate some of the fore- 
going remarks. With respect to the assumed inutility 
of various parts and organs, it is hardly necessary to 
observe that even in the higher and best-known animals 
many ‘structures exist, which are SO highly developed 
that no one doubts that they are of irnportnnce, yet their 
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use has not been, or has only recently been, ascertained. 
As Bronn gives the length of the ears and tail in the 
several species of mice as instances, though trilling ones, 
of differences in structure which can be of no spenlal 
use, I may mention that, according to Dr. SchCbl, the 
external ears of the common mouse are supplied in an 
extraordinary manner with nerves, so that they no doubt 
serve as tactile organs ; hence the length of the ears cm 

hardly be quite unimportant. We shall, also, presently 
see that the tail is a highly useful prehensile organ 
to some of the spec.ies ; and its use would be much 
influcnccd by its length. 

With respect to plants, to which on account of Nageli’s 
essay I shall coniine myself in the following remarks, 
it will be achittad LliaL the flowers of orchids present 
a multitude of curious structures, which a few years 
ago would have been considered as mere morphologicnl 
difference8 without any special function ; but they are 
now known to be of the highest importance for t.lle 
fertilisation of the species through the aid of insects, 
and have probably heen gained through natural aclcc- 
tion. No one until lately would have imagined that in 
dimorphic and trimorphic plants the diffemnt lengths of 
the stamens and pistik, and their armngcment,could have 
been of any service, but now we know this to be the C~SA. 

In certain whole groups of plants the ovules stand 
erect, and in others they are suspended; and within 
the same orarium of some few plants, one o.vule l~lds 
the former and a second ovulc the latter position. These 
positions seem at first purely morphological, or of no 
pl~ysiologiv~l signification ; hut Dr. Hooker informs me 
that within the same ovariam, the upper ovules alone in 
mnc cases, aud in other cases the lower ones alone are 
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fcrtilised; and he suggests that this probably Zependa 
on the direction in which the pollen-tubes enter the 
ovarium. If so, the position of the o&es, even wheu 
one is erect and the other suspended within the same 
ovarium, would follow from the selection of any slight 
deviations in position which favourcd their i’ertilisation, 
and the prulluctiou uf sutA. 

Several plants belonging to distinct orders habitually 
prod~lcc flowers of two kinds,-the one open of the 
0rdiilary structure, tl tc otl Icr closed and imperfect. 
Tllc~o two kinds of flowers soznctirnos differ wondor- 
fldly in structure, yet may be seeu to graduate into 
each other on the same plant. The ordinary and open 
flowers can be interc.rosscd ; and the benefib which 
certainly are derived from tbis process R.W t,hns securccl. 
The closed and imperfect flowers are, however, mani- 
festly of higll importance, as they yieId with the utmost 
safety a larse stock of seed, with the expenditure, of 
~~ontlerfully liltle pllen. Tlte two kinds of flowers 
often differ much, as just stated, in structure. The 
pet& in the imperfect flowers almost always consist of 
mcrc rudiments, and the pollen-pins are reduced in 
diameter. In Ononis colunin,le five of t,he alternate 
stamens are rudimentary ; and in some species of Viola 
three stamens are in this state, two retaining their 
llropcr funct,ion, but being of very small size. In six 
o!it of tllirtp of the closed flowers in an Indian violet 
(~iitnm unknown, fc~r Lliu 1JlWltS have never prorlucecl 
with me perfect flowers), the sepals .%re reduced from 
t!~c normal nunibcr of iive to three. In one sec;liou of 
t11e Jlalpighiaccae the closed flowers, according ti A. de 
J ussieu, are st,ill further modified, for the five stamens 
which stand opposite to the sc~als are all aborted, a 
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sixth stamen standing opposite to a petal being alone 
developed ; and this stamen is not present in the ordi- 
nary flowers of these species ; the style is aborted ; and 
the ovaria are reduced from three to two. Now although 
natural seIection may well have had the power to pre- 
vent some of the flowers from expanding, and to reduce 
the ~~IIWUI~L of pollen, whe.n rendered by the closure of 
the flowers superflous, yet hardly any of the above special 
modifications can have been thus determined, but must 
have followed from the laws of growth, including tho 
functional inactivity of parts, during the progress of lbe 

reduction of the pollen and the closure of the llowers. 
It is so necessary to appreciate the important erects 

of the Iaws of growth, that I will give some additional 
cases of allother kind, namely of dif3eronces in the same 
part or organ, due to differences in relative position on 
the same plant. In t,he Spanish chestnut, and in certain 
fir-trees, the angles of divergence of the leaves difkr, 
according to Schacht, in the nearly horizontal and in 
thu upright bran&es. In the common rue and some 
other plants, one flower, usually the central or terminal 
one, opens first, and has five sepals and petals, and five 
divisions to the ovarinru; whilst all the other flowers 
on t.he plant are tctramerous. III tile British Adoxa the 
uppermost flower generally has two calyx-1oLes with the 
other organs tetramerous, whilst the surrounding flowers 
generally have three calys-lobes with the other organs 
pentamerous. In many Composite and Umbelliferre 
(and in some other plants) the circumferential flowers 
have their corollas much more developed than those of 
the ccntre ; and this stems oft.en connected with the 
n.bortion of the reproductive organs. It is a more 
curious fact, previously referred to, that the achenes 
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or seeds of the circumference and centro sometimes 
differ greatly in form, colour, and other characters. In 
Cartbamus and some other Composites the central 
achenes alone are furnished wit’h a pappus ; and in 
Hyoseris the same head yields achenes of three different 
forms. In certain Umbellifere the exterior seeds, 
according to Tausch, are orthospermous, and the cwlral 
one ccelospermous, and this is a character which was 
considered by De Candolle to be in other species of the 
highest systematic import,ance. Prof. Braun mentions 
a Fumariaceous geuus, in which the flowers in the lower 
part of the spike bear oval, ribbed, one-seeded nutlets ; 
and in the upper part of the spike, lanceolate, two-valved, 
and two-seeded siliques. In these several cases, with 
the exception of that of the well developed ray-florcts, 
which are of service in making the flowers conspicuous 

to insects, natural 3eIection cannot, as far as we cm 

judge, have come int,o play, or only in a quite subordinate 
manner. AI1 these modifications follow from the rela- 
tive posit,ion and inbcr-action of the parts ; and it can 
hardly be doubted that if all bhe flowers and leaves on 
the same plant had been subjected to the same external 
and internal condition, es are the. flowers and leaves in 
certain positions, all would have been modilied in the 
same manner. 

In numerous other cases we find modifications of 
structure, wbicl are considered by botanists to be gener- 
ally of it highly important nicture, airectin;; only some 
of the flowers on the same plant, or occurring on dis- 
tinct plants, which grow close together uuder the same 
conditions. As these variations seem of no special use 
to the plants, they canuot have been influenced by 
natural selection, Of t,heir cause we are quite ignorant ; 
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we cannot even attribute them, as in the last class of 
cases, to any proximate agency, such as relative position. 
I will @ve only a few instances. It is so common to 
observe on tho same plant, flowers indifferently tetra- 
merous, penttlmerous, &c., that I riced not give examples ; 
but a8 numerical variation8 are comparatively rare when 
tk prts are few, I may meutiUn tllitl;, according to I)e 
Candolle, the flowers of Pa-paver bracteatum ofl’er either 
two sepals wit,h four petals (which is the common type 
with poppies), or three sepals with six petals. The 
manner in which the pet& are folded in the bud is in 
most grorrps a very constant morphological character ; 
but Professor Ass Gray states that with sOme species 
of Mimulus, the aestivntion is almost as frequently that 
ol the Rllinnnthidoz as of the Antirrhinitlan?, tn which 
latter tribe the genus belongs. Aug. St. HiIaire gives 
the following cases : the genus Zanthoxylon belongs to 
a division of the Rutacew with a single ovary, but in 
some species flowers may be found on the same plant, 
and even in t,he same panicle, with either one or two 
ovaries. In Helianthcmum the capsule has been 
dcscrlbed as unilocular or 3-Iocular ; and in H. mutabile, 
‘1 Une lame, yZ%s ou ,r?zc)ks Zurige, s’6tentl cntre le 1 lcricarpe 
et le place-nta.” In the Ilowers of Sapoimria of~icinnlis, 
Dr. Masters has observed instauc;cs of both marginal 
a~lci ~IYX central placentation. Lastly, St. Hilaire found 
towards the southern extreme of the range of Gomphia 
oleilefcrmia two forms wlkll he did no6 at first doubt 
were distinct species, but he subsequently saw them 
growing on the eamc bush j Etnd he then adds, “ Toil& 
done, dans un m6me individu de8 loges et un style qui 
se rattachent ta.nti% i un axe verticale et tan& B un 
gynobase.” 
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We thus see that with plants many morphological 
changes may be attribut.ed to the laws of growth and 
the inter-action r;f parts, independently of natural selec- 
tion. But with respect to Xageli’s doctrine of an innate 
tendency towards perfection or progressive development, 
con it be said in the case of these strongly pronounced 
YiH'htioIlS, that the &iJl Is IlitVc been caught in the act 

of progressing towards a higher state of development ? 
On the contrary, I should infer from the mere. fact of 
the parts in question dilfering or varying greatly on the 
same plant, that snch motlificntions were of extremely 

small importance to the plants themselves, of whatever 
importance they may generally be to us for our classi- 
fications. The acquisition of a useless part can hardly 
be said to raise an organism in the natural scale; and 
in the case of the imperfect, closed flowers above des- 
cribed, if any new principle has to be invoked, it must 
be one of retrogression rather than of Frogrcssion ; and 
SO it must be with many parasit.ic and tlcgra&d animals. 
We are ignorant of the exciting c.nuse of the above speci- 
fied modifications ; but if the. unknown cause mere to act 
almost uniformly for a len$h of time, we may infer that 
the result would be almost uniform; and in this case 
all the individuals of the species would be modified in 
the same manner, 

From the fact of the above characters being unimpor- 
ta.ut for the welfare of tile species, any slight variations 
rvldcli occurred in tlicirn woul~l rwL have LMX~ accum~~- 

l,+tcd and augmented through natural selection. A 
et ructure which has been dwoloped through long-con- 

ti~~ued selection, when it ceases to be of service to a 

sljecies, generally becomes variable, as we see with rndi- 
nlentnry organs ; for it will no longer ljc regulated by 



274 MISCELLANEOUS OBJECTIONS TO THE [CHAP. VII. 

this same 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 species, they may be, and apparently often have 
been, transmitted in nearly the same state to numerous, 
otherwise modified, descendants. It cannot have been 
of nmcll importance to the greater number of mammals, 
birds, or reptiles, whether they were clothed with hair, 
feathers, or scales; yet hair has been transmitted to 
almost all mammals, feathers to all birds, and scales 
to all true reptiles. d structure, wlratever it may be, 

~.hicll is common to many allied forms, is ranked by us 
as of high systematic importance, and consequently is 
often assumed to be of high vital importance to the 
species. Thus, as T nm inclined to belicvc, morpho- 

logical differences, which we consider as important- 
such as the arrangement of the leaves, the divisions of tire 
flower or of the ovarium, the position of the ovules, &c. 
-first appeared in many cases as fluctuating variations, 
which sooner or later became constant through the 
nature of the organism and of the surroundin,n condi- 
t,ions, as well as through tho intercrossing of distinct 
individuals, but not through nnturd selection ; for as 
these morphological characters do not affect the welfare 
of the species, any slight deviations in them could not 
ht~ve been governed or accumulated through this latter 
agency. It is a strange result which we thus arrive at, 
namely that charzkru of sligllt vital import.ance to the 
species, are the most important to the systematist; but, 
aa we Ehnll hereafter see when we treat of the genetic 
1,rinciple of classification, this is by no means so para- 
doxical as it may at first appear. 

Although we have no good evidence of the existence 



CIIAP. VII.] TIIEORY OF NATURAL SELECTION. 275 

in organic beings of an innate tendency towards pro- 
gressive development, yet this necessarily follows, as I 
have attempted to show in the fourth chapter, through 
the continued action of natural selection. For the best 
definition which has ever been given of a high standard 
of organisation, is the degree to which the parts have 
&en specialised or differentiated ; and natural selection 
tends towards this end, inasmuch as the parts are thus 
enabled to perform their functions more efficient.ly, 

h diotinguishcd zoologist, Mr. St. George Mivart, 11~s 
recently collected all the objections which have ever 
1)ee.n advanced by myself and others against the theory 
of natural selection, as propounded by Mr. Wallace and 
nlyself, and has illustrakd f.hr?m with admirable art and 
force. When thus marshalled, t,hey make a formidable 
array ; and as it forms no part of Mr. Mivart’s plan to 
give the various facts and considerations opposed to his 
conclusions, no slig$t effort of reascn and memory is 
left to the reader, who rnay wish to weigh the evidence 
on both sides. When discussing special cases, Mr. 
Mivart passes over the effects of the increased use and 
disuse of parts, which I have always maintained to bo 
highly important, and have treated in my ‘Variation 
under Domestication ’ at greater length than, as I believe, 
any other writer. He likewise often assumes that I 
attribute nothing t.o variation, independently of natural 
selection, whereas in the work just referred to I have 
mllected a greater number of well-established cases than 
can be found in my ot11cr work known to rn% My 
judgment may not be trustworthy, but after readiug with 
care Mr. Mivart’s book, and comparing each section with 
what I have said on the same head, I never before felt 
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so strongly convinced of the general truth of the concln- 
Guns here arrived at, subject, of course, in SO i&iWte 
a sub,ject, to much partial error. 

All Mr. Mivart’s objections will be, or have been, 
conside.red in the present volume. The one new point 
which appears to have struck many readers is, “that 
natural selection is incompetent to account for t,he in- 
cipient stages of useful structures.” This subject is 
intimately connected with that of the gradation of cha- 
meters, often accompanied by a change of function,- 
fwr inslance, L,be conversion of a swim-bladder into 
lungs,-points which were discussed in the last, chapter 
nntler two headings. Keverthelcss, I will here consider 
in some detail several of the cases advanced by Mr. 
Rlivnrt,, selecting those which :mc the moot illustrutivc, 
as want of space prevents me from considering all. 

The giraffe, by its lofty stature, much eloagat,ed neck, 
fore-legs, head and tongue, has its whole frame beauti- 
fully adapted for browsing on the higher branches nf 
trees. It can thus obtain food beyond the reach of the 
other Ungulata or hoofed animals inhabiting the same 
country ; and this must be a great advantage to it during 
dearths. The Niata cattle. in S. America show us how 
smnI1 a cliI’ferenc0 in structure may make, during such 
periods, a great difference in preserving an animal’s life. 
These cattle can browse as well as others on grass, but 
from the projection of the lower jaw they cannot, during 
the often recurrent droughts, browso on the twigs of 
trees, reeds, C&C., to which food the common cattle and 
horses are then driven ; so that at these times the Niatas 
perish, if not fed by their owners. Before coming to Mr. 
Mivart’s objections, it may be well to explain once aguin 
how natural selection will act in all ordinary cases. Mao 
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has motlilled some of his animals, without necessarily 
having attended to special points of structure, by simply 
preserving and breeding from the fleetest individuals, as 
with t,he race-horse and greyhound, or as with the game- 
cock, by breeding from the victorious birds. So under 
nature with the nascent giraffe, the individuals which 
H ON IlIt: h@asL bruwsel3 itId WWt: :lblt: during dt3drLllu 
to reach even an inch or two above the others, will often 
have been preserved ; for they will have roamed over 
the whole country in search of food. That the indi- 
viduals of tho Earn0 species often differ slightly in tlm 

relative lengths of all their parts may be seen in many 
works of natural history, in which careful measurements 
are given. These slight proportional differences, due to 
the laws of growth and variation, are not of the sli,cbt,est 
use or importance to most species. But it will have 
l~en otherwise with the nascent giraffe, considering its 
probable habits of life; for those individuals which had 
some one part or several parts of t,heir bodies mtber more 
elongated than usual, would generally have survived. 
These will have intercrossed and left offspring, either 
inheriting the same bodiIy peculiarities, or with a 
tende.ncy to vary again in the same manner; whilst the 
inAvuluaJs, less favoured in the same respects, mill 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 
IJWUII ; mtural sclectim will preserve and thus sep~“ilt4 
all the superior individuals, allowing them freely to intcr- 
cross, and will destroy all the inferior individuals. By 
this process long-continued, which exactly corresponds 
with what I have called unconscious selection by man, 
eorobined no doubt in a most important manner witll 
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the inherited eff’ects of the increased use of parts, it 
seems to me almost certain that an ordinary hocifid 
quadruped might be converted into a giraffe. 

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 hc congidcrs it as ” very problematical 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, sxnd a8 some of the largcat antelopes in t11e 
world, taller than an ox, abound there, why should w.e 
doubt that, as far as size is concerned, intermediate 
gradations could formerly have existed there, subjected 
as now to severe dearths. Assurctlly the being able to 
reach, at each stage of increased size, to a supply of food, 
left &touched by the other hoofed quadrupeds of the 
country, would have been of some advantage to the 
nascent giraffe. Kor must we overlook the fact, that in- 
creased bulk would act as a protection against almost 
all beasts of prey excepting t,he lion ; and a.gainst this 
animal, its tall neck,- and the taller the better,-would, 
as Mr. Chauncey Wright has remarked, serve as a watch- 
Luwer. It is from this cause, as Sir S. Baker remarks, 
that no animal is more di%icult to stalk than the giratie. 
This animal alsu IIS~S ib long neck as a means of off’ence 
or defence, by violently swinging its head armed witt 
stump-l&o horns. The preservation of each species can 
rarely be determined by any one advantage, but by the 
union of all, great and smalL 

Mr. Mivart then asks (and this is his second objection), 
if natural selection be so potent, and if high browsing 
be so great an advantage, why has not any other hoofed 
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quadruped acquired a long neck and lofty stature, besides 
the giraffe, and, in a lesser degree, the camel, guanaco, 
and macrauchenia ? Or, again, why has not any member 
of the b~oup acquired a long proboscis.? With respect 
tu S. Africa, which was formerly inhabited by numerous 
I.c:rds of the giraffe, the answer is not difficult, and can 
best be given by an illu&ruLion. In every meadow in 
England in which trees grow, we see the lower branches 
trimmed or planed to an exact level by the browsing of 
the horses or cattle ; and what advantage would it be, 
for instnnce, to sheep, if kept there, to acquire ,Aightlly 
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 alone could have its neck elongatPn fnr this purpose, 
t,hrough natural selection and the effects of increased use. 
In S. Africa the competition for browsing on the higher 
branches of the acacias and other trees must be between 
giraffe andgiraffe, and not with the other un,nulate anima.ls. 

Why, in other quarters of the world, various animals 
belonging to this same order have not acquired either 
an elonfrated neck or a proboscis, cannot be distinctly 
answered ; but it is aa unreasonable to expect a distinct 
answer to such a question, as why some event in the 
history of mankind did not occur in one country, whilst 
it did in auotller. We are ignorant with respect to the 
conditions which determine the numbers and range of 
each epccies ; and we cannot Eden wnjecture wllat 
changes of structure would be favourable to its increase 
in some new country. Wc cam, Lowever, see in a general 
manner t,hat various causes might have interfered with 
the development of a long neck or proboscis. To reach 
the foliage at a considerable height’(without climbing, fox 

40 
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which hoofed animals are singularly ill-constructed) im- 
plies greatly increased bulk of body ; and we know that 
some areas support singularly few large quadrupeds, for 
instance S. America, though it is so luxurianl; whilst 
$3. Africa abounds wit,h them to an unparalleled dcgreo. 
Why this should be so, we do not know; nor why the 
later tertiary periods shotild have been much more 
favourable 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 mom 
fwourable than others for the development of so large 
a quadruped as the giraffe. 

Iu order that an animal should acquire- some structure 
specially and largely developed, it is almost indispens- 
able that severa. 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. Wit.11 
the different species of our domesticated animals we know 
that the parts vary in a different manner and degree ; and 
that some species are much more variable than others. 
J<ven if the fitting variat.ions did arise, it does not follow 
that natural selection would be able to act on them, and 
produce a st.ructure which apparently would be beneficial 
to the species. For instance, if the number of individuals 
&sling in it wunlry ia clakrrr~ir~ed chiefly Lluvugl~ 
destruction by beasts of prey,-by external or internal 
parasites, C5 L c.,-as seems often to be t.he case, theit 
natural selection will be able to do little, or will bo 
greatly retarded, in modifying any particular struotnro 
for obtaining food. Lastly, natural s&&ion is a slow pro- 
cess,and the same favourable conditions must long endure 
in order that any marked effect should thus be produced 
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Except by assigning such general and vague reasons, we 
cannot explain why, in many quarters of the world, 
hoofed quadrupeds have not acquired much elongated 
necks or other means for browsing on the higher branches 
3f t~reea. 

Objections of the same nature as the foregoing have 
bce~l advanced by many writers. In each case various 
causes, besides the general ones just indicated, have 
probably interfered with the acquisition through natural 
selection of structures, which it is thought would be 
beneficial to ocrtain species. One writer asks, why has 
not the ostrich acquired the power of flight? But a 
moment’s reflection will show what an enormous supply 
of food would be necessary to give to this bird of the 
desert force to mnve its huge body through the air. 
Oceanic islands are inhabited by bats and seals, but by 
no terrestrial mammals ; yet as some of these bats are 
peculiar species, they must have long inhabited their 
present homes. Therefore Sir C. Tyell asks, and ass@ 
certain reasons in answer, why have not seals and bats 
given birth on such islands to forms fitted to live on the 
land ? But seals would necessarily be first converted 
into terrestrial carnivorous animals of considerable size, 
and bats into terrestrial insectivorous animals ; for the 
former there would be no prey; for the bats ground- 
insects would serve as food, but these would already be 
largely preyed on by the reptiles or birds, which first 
colo~ise and &nnnd on most oceanic islands.. Grada- 
tions of structure, with each stage beneficial to a changing 
Epocics, will be favvured only under certain pccuhar 
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 
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throughly aquatic as to brwe the open ocean. But 
seals would not find on oceanic islands the conditions 
favourable to their gradual reconversion into a terrestrial 
form. Bats, as formerly shown, probably acquired their 
wings by at first gliding Dhrough the air from tree tc 
tree, like the so-called flying squirrels, for the sake oi 
escaping from their enemies, 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 less efficient power of gliding through 
the air. Bats might, indeed, like many birds, have had 
their wings greatly reduced in size, or completely lost, 
through disuse; but in this case it would be necessary 
that they should first have acquired the power of running 
quickly ou t,he ground, by the aid of their hind legs alurle, 

so as to compete with birds or other ground animals ; and 
for such a change a bat seems singularly ill-fitted. ‘l’hes~~ 
conjectural remarks have been made merely to show that 
a transition of structure, with each stop beneficial, ie a 

highly complex affair ; and that there is nothing strange 
in II, t,rm.qitinn not, having ocrxrrd in any prticnlar case. 

Lastly, more than one writer has asked, why have 
some animals had their mental powers more highly de- 
veloped than others, as such development would be 
advantageous to all ? Why have not apes acquired the 
intellectual powers of man ? Various causes could be 
assigned ; but as they are con,jectural, and their relative 
probability cannot be weighed, it would be useless to 
g<ve them. A definite answer to the latter question 
ought not to be expected, seeing that no one can solve 
the simpler problem why, of two races of savages, one has 
rise.11 higher in the scale of civilisation than the other; 
and this apparently implies increased brain-power. 
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We will return to Mr. Mivart’s other objections. In- 
sects often resemble for the sake of protection various 
ohjests, such as green or decayed leaves, dead twigs, 
bit8 of lichen, flowers, spines, excrement of birds, and 
living insects ; but to this latter point I shall hereafter 
recur. The resemblance is often wonderfully close, and 
is not confined to colour, but extcuds Lo ho1.t~~ ad weu 

to the manner in wldch tbc insects hold themselves. 
The caterpillars which prqject motionless like dead twigs 
from the bushes on which they feed, offer an excellent 
instant of a resemblalme of this kind. The cases of 
the imitation of such objects as the excrement of birds, 
arc rare and exceptional. On this head, Mr. Mivart 
remarks, (‘ As, 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 t&d to neutralize each other, and at first to 
form such unstable modifications that it is tlif?icult, if 
not impossible, to see how such indefinite oscillations 
of infinitesimal beginnings can ever build up a SUE- 
ciently appreciable resemblance to a leaf, bamboo, or 
other objcet, for Natural Selection to seize upon and 
perpetuate.” 

J5ut in all the foregoing cases the insects in their 
original stab no doubt presented some rude and 
acc.idcntal resemblance to an object commonly found 
in the stations frcquentcd by them. Nor is this at all 
iuiprobable, considering the almost infinite number tlf 
surrounding objects and the diversity in form-and colcur 
of the hosts of insects which oxiat. AS some rude 
resemblance is necessary for the first start., we can 
understand how it is that the larger and higher animals 
do not (with the exception, as far as I know, of one fish) 
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resemble for the sake of protection special objects, but 
only the surface which commouly surrounds them, and 
this chiefly in colour. Assuming that an insect originall:+ 
happened to resemble in some degree a dead twig or o 
decayed leaf, and that it varied slightly in many wags, 
then all the variations which rendered the insect at all 
more like any SUIAI ubjxl, and thus favoured its escape, 
would be preserved, whilst other variations would be 
neglected and ultimately lost; or, if they rendered the 
insect at all less like the imitated object, they would be 
elimillatcd. There would indeed bo force in Nr. 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 
is none. 

Nor can I see any force in Xr. Mivart’s difficulty witb 
respect to “the lsst touches of perfection in the mimi- 

cry; ” as in the case given by Mr. Wnlbce, of a walking- 
stick insect (Ceroxylus laceratus), which resembles “a 
stick grown over by a creeping moss or jungermannia.” 
So close was this resemblance, that a native Dyak main- 
tained that the foliaceous excrcsccncos were Reilly moss. 
Insects are preyed on by birds and other cnomics, whose 
Bight 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 so much the better for the 
iusect. Considering the nature ul’ the diKerences between 
the species in the group which includes the above 
~~~roxylus, thcrc is nothing improbable iu this insect 
having varied in the irregularities on its surface, and in 
these having becornc more or less green-coloured ; for in 
every goup the characters which difl’er in the saved 
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species arc the most a@ to vary, whilst the generic 
characters, or those common to a.11 the species, are the 
IllOSl; c0r1stn11t. 

The Greenland W?J& is one of the most wonderful 
Animals in the morltl, and the halcen, or whalebone, one 
of its greatest pcculinrities. The hleeu consists of a 
TOW, 011 each side, of the upper jaw, of about 300 plates 
or laminq which stand &se together transversely to 
the longer axis of the mouth. Within the main IOW 
there nre som1: subsidiury I’UWS. TIN ex~rwlilius wll 

iuuer margins of all the plates are frayed into stifl 
bristles, which clothe the whole gigantic palate, and 
serve to strain or sift the water, and thus to secure the 
minute prey on which these groat animals subsist. The 
middle and longest lamina in t,he Greenland whale is 
ten, twelve, or even fifteen feet in length ; but in the 
different species of Cetaceans there are graclations in 
length ; the middle lamina being in 0110 spccics, :lccord- 
ing to Scoreshy, lour feet, in another -three, in another 
ei$tccn inches, and in the Ealaxoptera rostrata only 
ahout nine inches in len$l~. The quality of the whnlc- 
Lone also difrers in the dil’i’erent species. 

With respect to the baleen, Mr. Mivart remarks that 
if it r‘had once attained such a size and development as 
to be at all useful, then its prcscrvntion and aqmenta- 
tion within serviceable limits would be promoted by 
natural selection alone. Eut how to obtain the beginuing 
of suc.h useful development ? ” In answer? it may be 
;&ed, why should not i.he early progenitors of the whales 
with baleen have possessed a mouth const,ructed some- 
thing like the lamellatcd beak of a duck ? Ducks, like 
whales, subsist by sifting the mud and water; and the 
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family has sometimes been called Ctiblatores, or sifters. 
I hope that I may not be misconstrued into saying that 
the progenitors of whales did actually possess mouths 
hmdlated like the beak of a duck. I wish only to show 
that this is not incredible, and that the immense Plato 
of baleen in the Greenland whale might have been 
dcvcloped from such lamellae by Guely gratlud?d StepS, 
ench of service to its possessot. 

Tho beak of a shoveller-duck (Spatula clypeata) is 
a more beau@ul and complex structure than the mouth 
of a whole. The upper mandible is furnished on each 
side (in the specimen examined by me) with a row or 
comb formed of 188 thin, elastic lamellzz, obliquely be- 
velled so as to be pointed, and placed transversely to the 
longer axis of the mouth. They arise from the pal:ttn, m-1 
are attached by flexible mc.mbrane 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 prqject -14 of an inch beneath the edge. At their 
bases there is a short subsidiary row of obliquely trans- 
verse lamellcc. In these several respects they resemble 
the plates of baleen in t,he mouth of a whale. But 
towards the extremity of the beak they differ much, it5 
they project inwards, instead of straight downwards. 
The entire head of the ehoveller, though incomparably 
less bulky-, is about we-aj$lLeenth of the length of the 
head of a moderately large Balznoptera rostrata, in 
which spccico the baleen is only nine inches lurq ; so 
that if we were to make the head of the shoveller as 
long as that of the Bal~unoptera, the lame& would be 
six inches in length,-that is, two-thirds of the length 
of the baleen in this species of whale. The lower 
mandible of the shoveller-duck is furnished with lame&n 
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of equal length with those above, but finer ; and in being 
thus furnished it diKers conspicuously from Dhe lower 
jaw of a whale, which is destitute of baleen. On the 
other hand, the extremities of these lower lamelI= are 
frayed into fine bristly points, so that they thus curiously 
resemble fhc plates of baleen. In the germs Prion, a 
member of the distinct family of the I’etrcls, the upper 
:llandible alone is furnished wit,h Inrnell~~, which arc well 
developed and project beneath the margin; so that the 
beak of tlti bird resembles in this respect the mouth of a 
WhlC. 

From the highly developed structure of the shoveller’s 
beak we may proceed (as I have lea.rnt from information 
and specimens sent to me by Mr. Salvin), without any 
g-eat break, as far a~ fitness for sifting is concorned, 

through the beak of the Merganetta armata, and in some 
respects through that of the Aix sponsa, to the beak of 
the common duck. In this latter species, the lamells 
are much coarser than in the ehoveller, 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 crush- 
ing food. The edges of the lower mandible 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 
species, as I hear from Mr. Sulvin, in which the lamellae 
are considerably less cleveloyud lhll iu th0 common 
duck ; but I do not know whether they use t.heir beaks 
for sifting the water. 

Turning to another group of the same Family. In the 
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Egyptian goose (Chenalopex) the beak closely resembles 
that of the common duck; but the lame& are not so 
numerous, nor so distinct from each other, nor do they 
project eo much inwards ; yet this goose, as I am informed 
by Xr. E. Bartlett, “ uses its bill like a duck by throwing 
the water out at the corners.” Its chief food, however, 
is grass, which it crops like the common goose. In 
this latter bird, the lamellz of the upper mandiMe are 
much coarser than in the common duck, almost, confluent, 
ahout 27 in number on each side, and terminating 
upwards in teeth-like knobs. The p&ate is also covered 
with hard rounded knobs. The edges of the lower 
mandible are serrat,ed with teeth much more prominent, 
coarser, and sharper than in the duck. The common 
goose dons not sift, the wntel; but nscs its beak exclu- 
sivcly for tearing or cuttin, 0 he&age, for which purpose 
it is so well fitted, that it can crop grass closer than 
almost any other animal. There are other species of 
geese, as I hear from Mr. RartIett, in which the lam&B 
are less developed than in the common goose. 

We thus see that a member of the duck family, with 
a beak constructed like that of the common goose and 
adapted solely for grazing, or even a member with a I~alc 
having less well-developed lemellz, might be converted 
1.1~ small changes into a species like t,hc Egyptian goose, 
-this into one like the common &~&,---and, lastly, into 
one like the shovel.lcr, provided with a beak almost 
tXti!usively adapted for sifting the water; for this b-ird 
could hardly use any part. of its beak: except the hook4 
+ ip, for seizing or-tcarill;: sulid food. The beak of a goose, 
as I mny add, might also be c.onverted by small changes 
into one provided with prominent, recurved teeth, like 
those of the &rganser (a member of the same family), 
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serving for the widely different purpose of securing live 
fish. 

Returning to the whales. The Hyperoodon hidens 
is destitute of true teeth in an ef&icnt cond%on, but 
its palate is roughened, according to Lacephde, with 
small, unequa1, hard points of horn. There is, therefore, 
nothing improbable in supposirlg that some early Cetn- 
cean form was provided with similar points of horn on 
the palate, but rather more regularly ylaccd, and which, 
like the knobs on the beak of the goose, aided it in seizing 
or tctming its food. If so, it will hardly be denied thnt 
t.he points might have been converted through variation 
and natural selection into lamella: as well-developed as 
those of the Egyptian goose, in which case they would 
have been used both for seizjng 0bject.n and for sifting 
the water; then into lamellz like those of the domestic 
duck; and so onwards, until they became as well con- 
structed as those of the shoveller, in which case they 
would have served exclusively as a sifting appsratns. 
From this stage, in which the lamell~ WMXI be two- 
thirds of t,he length of the plates of baleen in t,he Balie- 
noptera rostmta, gradations, which may be observed 
in still-existing Cetaceans, le&d us onwards to the enor- 
pious plitlou of baleen in the Greenland whale. Nor is 
there the least reason to doubt that each step in this 
scnlc might have beep as serviceable to certain ancient 
Cetaceans, with the functions of the parts slowly changing 
during the! progreas of dcvclopment, as me Lhe gradations 
in the beaks of the different existing members of t,lle 
c!u&-family. We should bear in mind that each speciua 
of duck is subjected to a severe struggle for existence, 
aud that the structure of every part of its frame must 
be well adapted to its conditions of life. 



290 MISCELLANEOUS OBJECTIONS TO THE [C~IAP. VTL 

The Pleuronectidao, or Flat-fish, are remarkable for 
their asymmetrical 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 
occur. The lower, or resting-surface, resembles at first 
sight the ventral surface of an ordinary fish: it is of a 
white colour, less developed in mnny ways than the 
upper side, with the lateral fins often of smaller size. 
Rut the eyes offer the most remarkable peculiarity; 
for they are both placed on the upper aide of the head. 
During early youth, however, they stand upyudt: tu 

each other, and the whole body is then symmetrical, 
with both sides equally coloured. Soon the eye proper 
to the lower side begins to glide slowly round the head 
to the upper side; but does not pass right through the 

skull, as was formerly thought to be the case. It is 
obvious that unless the lower eye did thus travel round, 
it could not be used by the fish whilst lying in its 
habitual position on one side. The lower eye would 
also, have been liable to be abraded by the sandy bottom. 
That the Pleuronectidao are admirably adapted by their 
flattened and asymmetrical structure for t,hcir habits of 
life, is manifest from several species, such as soles, 
flounders, &c., being extremely common. The chief 
advantages thus gained seem to be protection from their 
enemies, and facility for feeding on the ground. Tho 
different members, however, of the family present, as 
Sjchiod te remarks, “a long series of forms exhibiting 
a gradual transition from Hippoglossus pinguis, which 
does not in any considerable degree alter Ll1t3 slq~e in 

which it leaves the ovum, to the soles, which are entirely 
thrown to one side.” 

Ur. Mivart has taken up this case, and remarks that 
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a sudden spontaneous transformation in the position of 
the eyes is hardly conceivable, in which I quite agree 
with him. He then adcls : “if the transit was gradual, 
then how such Bransit 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 seems, 
even, that such an incipient transformation must rather 
have been injurious.” But he might have found an 
answer to t.his objection in the excellent observations 
published in 1867 by Malm. The I’leuronectid~, whilst 
very young and still symmetrical, with their eyes ntn.n rling 

on opposite sides of the head, cannot long retain a vertical 
position, owing to the exc.essive depth of their bodies, 
the small size of their lateral fins, and to their being 
destitute of a swimbladder. Hence soon growing tired, 
they fall to the bottom on one side. Whilst thus at 
rest they often twist, as Malm observed, the lower eye 
upwards, to see above them; and they do this so vigorously 
that the eye is pressed hard against the upper part of 
the orbit. The forehead between the eyes consequently 
becomes, as could be plainly seen, temporarily contracted 
in breadth. On one occasion Malm saw a young fish 
raise and depress the lower eye through an angular 
distance UP abuuL seventy degrees. 

We should remember that the skull at this early age 
is cartilaginous and flexible, so that it readily yields to 
muscular action. It is also known with the higher 
animals, even aftor early youth, that the &ul.l yiclda 
and is altered in shape, if the skin or muscles be per- 
mnnently cnntxhd f.h~rn~gh disease OY wrnt? accident. 
With long-eared rabbits, if one ear lops forwards and 
downwayds, its weight drags forward all the bones of 
the skull on t,he same side, of which I have given n 
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f&p-e. Maim states that the newly-hatched young of 
perches, salmon, and several other symmetrical fishes, 
ha.va lhe ha13it3it of occasionally resting on one side at the 
bottom ; and he has observed that they often then straiu 
their lower eyes so as to look upwards; and their skul’e 
arc thus rendered rather crookeil These fishes, however, 
are soon able to hold thembelveu in a vertical position, 
and no permanent effect is thus produced. With the 
Pleuronectidq on the other hand, the older they grow 
the more habitually they rest on one side, owing to the 
increasing flatness of t,heir bodies, and a permanent effect 
is thus produced on the form of the head, and on the 
position of the ayes. Judging from analogy, the t.endency 
to distortion would. no doubt be incrcssetl through the 
principle of inheritance. Scl~iijtlte believes, in opposi- 
tion to some other naturalists, that the Pleuronectidx 
are not quite symmetrical even in t’he embryo ; and if 
thiS be so, we could understand how it is that certain 
species, whilst young, habitually fall over and rest on 
t,he left side, and other species on the right side. Maim 
adds, in confirmation of the above view, that the adult 
TmcQpterus arcticus, which is not a member of the 
I’icuronectidz, rests on its left side at the bottom, and 
swims cli~gu~~ally t,hrough the wntcr ; and in this fish, 
the two sides of the head are said to be somewhat dis- 
sidar. Orlr great autlluriLy on Fishes, Dr. Giinther, 
concludes his abstract of Maim’s paper, by remarking 
that “ the author &,ivcB a wry simple explwation of the 

al!normal condition of the Pleuronectoids.” 
We. t,hus see that the first stages of the transit UP the 

eye from one side of the head to the other, which Mr. 
Mivart considers would be injurious, may be attribut,ed 
to the habit, no doubt beneiicial to the individual and 
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to the species, of endcnvonring to look upwards with 
both eyes, whilst resting on one side at the bottom. We 
may also attribute to the inluxitd effects of use the 
fact of the mout,h in several kinds of flat-fish being bent 
towards the lower surface, with the jaw bones stronger 
and more effective on this, the eyeless side of the head, 
than on the other, for the sake, u Dr. Traquair supposes, 
of feeding with ease on the ground. Disuse, on the other 
hand, will account for the less developed condition of the 
whole inferior half of the body, including the lateral fins ; 
though Yarrell thinks that the reduced size of these fins 
is advantageous to the fish, as ‘I there is so much less 
room for their action, than with the larger fins above.” 
Perhaps the lesser number of t,eeth in the proportion of 
four to seven in the upper halves of t,he two jaws of 6ha 
plaice, to twenty-five to thirty in t,he lower halves, may 
likewise be account4 for by disuse. From the colour- 
less state of the ventral surface of most fishes and of 
many other animals, we ma.y reasonably suppose that the 
absence of colour in flat-fish on t,he side, whether it be 
the right or left, which is undermost, is due to the exclu- 
sion of li$t. But it cannot be supposed that the peculiar 
speckIed appearance of the upper side of the sole, so like 
the sandy bed of the sea, or the power in some species, 
as recently shown by Pouchet, of changing their colour 
in accordaacc with tho surrounding surface, or the 
presence of bony tuber&s on the upper side of tho 
turbot, are due to the action of the light. Rcrc natural 
selection has probably come into play, as well as iI1 
atlapt,in,rr the ganr.ra.l shape nf the body of these fishes, 
and many other peculiarities, to their habits of life. We 
should keep in mind, as I have before insisted, that t,he 
inherited effects of the increased use of parts, and perhnpa 
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of their disuse, will be strengthened by natural selection. 
For all spontaneous variations in the right direction 
will thus be preserved ; as will t,hose individuals which 
inherit in the highest dcgrco the effects of the increased 
and beneficial use of any part. How much to attributo 
in each particular case to the effects of use, and how 
~~uGL to natural selection, it seems impossible to decide. 

I may give another instance of a structure which 
apparently owes its origin exclusively to use or habit. 
The extremity of the tail in some American monkeys 
has been converted into n wnndcrfully perfect prehensile 
organ, and serves as a fifth hand. A reviewer who 
a<grees with Mr. Mivart in every detail, remarks on this 
structure : “It is impossible to believe that in any 
number of ages the first slight incipiantj tendency to grasp 
could preserve the lives of the individuals possessing it, 
or favour their chance of having and of rearing offspring.” 
But there is no necessity for any such belief. Habit, 
and this almost implies that some benefit great or small 
is thus derived, would in all probability suffice for the 
work. Brehm saw the young of an African monkey 
(Gercopithecus) clinging to the under surface of their 
mother by t,heir hands, and at the same time they hooked 
their little t.ails round that of their mother. Professor 
Henslom kept in confinement some harvest mice (Mus 
messurius) which do not possess a structurally prc- 
hensilc tail ; but he frequently observed t,hat they curled 
their tails round the bmnches of a bush placed in the 
cage, and thus aided themselves in climbing. I have 
received an snalogrous account from Dr. Giinther, who 
has seen a mouse thus suspend itself. If the harvest 
mouse had been more strictly arboreal, it would perhaps 
have had its tail rendered structurally preheusile, as is 
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the case with some members of the same order. Why 
Cercopithecus, consideriq its habits whilst young, hag 
not beconlc lhus provided, it would be difficult to say. 
It is, however, possible that the long tsil of this monkey 
may be of more service to it as a balancing organ in 
making its prodigious leaps, than as a prehensile organ. 

The mammary g-lauds arc common to the whole class 
of mammals, and are indispensable for their esistcnce ; 
they must, therefore, have been devclopcd at an extremely 
remote period, and we cn.n know nothing positively abuuL 
their manner of development. Mr. Mivart asks : (‘ Is 
it conceivable that the young of any animal was eve.r 
saved from destruction by accidentally sucking a drop 
of scarcely nutritious fluid from an accidentally hppertro- 
phicd cutaneous 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. It is 
admitted by most evolutionists that mammals arc de- 
scend& from a marsupial form ; and if so, the mammary 
glands will have been at first developed within the 
marsupial sack. In the case of the fish (Hippocampus) 
the eggs are hatched, and the young are reared for a time, 
within a sack of this rlltture ; and an American naturalist, 
Mr. Lockwood, believes from what he has seen of the 
development of the youn g, that Lhey are nourished by 
a secretion from the cutaneous glands of the sack. Norm 
t&h the e&y progenitors of mammals,nlruc& before they 
tiaserved to be thus designated, is it not at least possiL)le 
that the young might have been ,Gmilarly nou~isht:tl ? 
dlnd in this case, the individuals which secreted a fluid, 
in some degree or manner the most. nutritious, so as to 
partake of the nature of milk, would in the long run have 
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reared a larger number of well-nourished offspring, than 
would the individuals which sec.rcted a poorer fluid ; 
and tlms tlm cutaneous glands, which arc the homologues 
of the mammary gknds, would have been improved cr 
rendered more efkctive. It accords with the widely ex- 
tended principle of specitllisation, that the glands otter :L 
ccl Lain space of the sncl~ ahcruld l~;rvt: becumc ~mre highly 
developed than the remainder ; and they would then have 
formed a breast, but at first without a nipple, as we see 
in the Ornithorhyncus, at the base of the mammalian 
s&es. Through what ngencp the glands over a cm-t& 
space became more highly specialised than the others, 
1. will not pretend to decide, whether in part through 
conlpcnsation of growth, the efl’ccts of use, or of natural 
sc1cctic.m. 

,The development of the mammary glands wo~dd have 
been of no service, and could not have been effected 
through natural selection, unless the young at the sayno 
tinle were able to partake of the secretion. There is no 
greater dii-ticulty in umlerstanding how young mammals 
have instinctively learnt to suck the breast, than in 
understanding how unhatched chickens have learnt to 
break the es,=-shell by tappin, (7 against it with their 
SpCidIy lKklptC?d 1JC%lliS ; or hum a few hours after 
1e;lvj.q the. sIteI they have learnt to pick up grains of 
food. In sucli cases the most. protlal~le solution seenis 
to be, that the habit was at first acquired by prac,tice al 
a n101~3 ndv;nlcerl age, alld aftcrwarcls LrumluiLltd to tile 

oli’spring at an earlier age. But the young kan,na.roo is 
said not to suck, only to cling to the nipple of its 
Illother, who has the power of injecting milk into t,he 
month of her helpless, half-formed offspriq On tl tis 
head Mr. Mivart remarks : “Did no special provision 
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exist, the young one must infallibly be choked by the 
intrusion of the milk into the windpipo. But there z? 
a special provision. The larynx is so elongated that it 
rises up into the posterior end of the nasal passage, and 
is thus enabled to give free entrance to the air for the 
lungs, while the milk passes harmlessly on each side of 
this elurgated larynx, and so safely attains the gullet 
behind it.” Mr. Mivart then asks how did natural selec- 
tion remove in the adult kangaroo (and in most other 
mammals, on the assumption that they are descended 
from a nlnrsupicL1 form), “ this at least perfectly innocent 
arid harmless structure 1” It may be suggested in answer 
that the voice, 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 passage ; 
and Professor Flower has suggested to me that this 
structure would have greatly interfered with an animal 
swallowing solid food. 

We will now turn for a short space to the lower divi- 
sions of the animal kingdom. The Echinodermata (star- 
fishes, sea-urchins, &SC.) are furnished with remarka& 
organs, called pedicellaCe, which consist, when well 
developed, of a tridactyle forceps-that is, of one formed 
of three serrated arms, neatly fitting together and placed 
on the summit of a flexible stem, moved by muscles. 
The~c h-ueps can seize firmly hold of any object ; and 
Alexander Agassiz has seen an Echiuus or sea-urchin 
rapiclly passin g pilrlic1e.s of excrement from forcops to 
foreel% down certain lines of its body, in order that ib 
shell should not be fouled. Bul there is no doubt that 
besides qgnoving dirt of all kinds, they subserve other 
functions ; and one of these apparently is defence. 

With respect to these organs, Mr. Mivart, as on SO 
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many previous occasions, asks : “What would be the 
utility of theJirst rudimentary begi?nni~S of sueh strut- 
tures, and how could suoh incipient buddings have ever 
preserved the life of a single Echinus ? ” He adds, “ not 
even the sxddcn development of the snapping action 
could have been beneficial without the freely moveablo 
stalk, nor could the latter have been cllicient without 
the snapping jaws, yet no minute merely indefinite 
variations could simultaneously evolve these complex 
co-ordinations of structure ; to deny this seems to do no 
less than to affirm a startling paradox.” Paradoxical as 
this may appear to Nr. Mivart, tridactyle forcepses, 
immovably fixed at tho base, but capable of a snapping 
action, certainly exist on some star-fishes ; and this is 
inkeiligible if they serve, at least in pnr$ as a means of 
defence. Mr. Agassiz, to whose great kindness I am 
indebted for much information on the sub-ject, informs 
me that there are other star-fishes, in which one of the 
three arms of the forceps is reduced to a support for the 
other two; and again, other genera in which the t,hird 
arm is completely lost. In Echinoneus, the shell is 
described by N. Perricr as bearing two kinds of pedi- 
collarim, 0110 resembling those of Echinus, and the other 
those of Spatangus ; and such cases are always inter- 
osting as aft’ording the means of apparently sudden 
transitions, through the abortion of one of the two 
states of an organ. 

With respect to Lhe steps by which these curious 
organs have been evolved, Mr. Agassiz infers from his 
own researches and those of Miiller, that bot,h in sbitr- 
fishes and sea urchins the pedicellarim must undoubtedly 
be looked at as modified spines. This may be inferred 
from their manner of development in the individual, 
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as well as from a long and perfect series of gradations 
in different species and genera, from simple granules to 
ordinary spines, to perfect tridactyle pedicellarize. The 
gradation extends even to the manner in which ordinary 
spines and the pedicellariz with their support,ing csl- 
cnreous rods are articulated to the shell. In cert,ain 
genera of star-fishes, “ the very combinations needed to 
show that the pedicellariaz are only modified branching 
spines ” may be found. Thus we have fixed spines, 
with three equi-distant, serrated, moveable branches, 
articulutcd to near their bases ; and higher up, 0~1 the 
same spine, three other moveable branches. Now when 
the latter arise from the summit .of a spine they form in 
fact a rude tridactyle pedicellaria, and such may be seen 
011 the same spine topther with tho three lower branches. 
In this case the identity in nature between the arms of 
the petlicellari~ and the movcnble branches of a spine, is 
unmistnkalJo. It is generally admitted that the ordinary 
spin es serve as a protection ; and if so, there can be no 
reason to doubt that those furnished wit,11 serrated and 
movenblc branches likewise serve for the same purl~oso ; 
and they would t,hus serve still more effectively as soon 
as by meeting together they acted as a prehensile or 
snapping apparatus. Thus every gradation, from an 
ordinary fixed spine to a fixed pedicellaria, would be of 
service. 

In certain genera of star-fishes these organs, instead 
of b&g iL4 vr borne on an immovable support, are 
placed on the summit of a flexible and muscular, though 
short, stem j and in this case they prubably subserve 
some additional function besides defence. In the sea- 
urchins the steps can be followed by which a fixed sl)iue 
becomes articulated to the shell, and is thus rendered 
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moveable. I wish I had. space here to give a fuller 
abstract of %. A,onssiz’s intmesting observations on the 
development of the pedicellarize. All possible grada- 
tions, as he adds, may likewise be found between the pedi- 
czllarice of the star-fishes and the hooks of the Ophiurinns, 
another group of the Echinodermata ; and again between 
the pedicellariae of sea-urchins and the anchors of the 
Holothuriq also belonging to the same great class. 

Certain compound animals, or zoophytes as they have 
been termed, namely the Polyzoa, are provided with 
curious organs called avicularia. These rMizr much in 
structure in the different species. In their most perfect 
condit,ion, they curiously.resemble the head and beak of 
a vullurt: in ruinialure, seated on a neck and capable of 
movement, as is likewise the lower jaw or mandible. 
In one species observed by me all the avicularia on the 
same branch often moved simultaneously backwards and 
forwards, with tho lowor jaw widely open, through a11 
angle of about 90”, in the course of five seconds ; and 
their movement caused the whole polyzoary to tromblo. 
When the jaws are touched with a needle they seize it 
so firmly that the brauch can thus be shaken. 

Mr. Mivart adduces this case, chiefly on account of 
the supposedrdifficulty of organs, namely t,he avicularia 
of the Polyzoa and the pedieellaria of the Echiuodermata, 
which he considers as “ essentially similar,” having been 
developed through natural selection in widely distinct 
divisions of the animal kingdom. But, as far as struc- 
ture is concerned, I can see no similarity between tridac- 
tylo pediceIl;lrize and avicularia. The latter resemblo 
somewhat more closely the chelae or pincers of Orusta- 
ceaus ; and Mr. Mivart might have adduced with equal 
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appropriiateness this resemblance as a special difficulty ; 
or even their resemblance to tho head and beak of a bid. 
The svieularia are believed by Mr. Busk, Dr. Smitt, and 
Dr. Sits&e--naturalists -who have carefully studied this 
group -to be homologous with the zooids and their cells 
which compose the zoophyte; the moveable lip or lid 
of the cell correspondiug with the lower and moveable 
mnudible of the avicularium. Mr. ISusk, however, does 
uot know of any gradations now exist,ing bctwecn a zooid 
and an avicularium. It is tShercfore impossible to cou- 
jwture by whrtt sarviccitble gradations Lba one could 
have been converted into the other : but it by no means 
follows from this that such gradations have not existed. 

As the choke of Crustaceans resemble in some degree 
the avienlarin of Polyzoa, both serving 2s pinoc3rs, it 
may be worth while to show that with the former a 
long series of serviceable gradations still exists. In 
the first and simplest stage, the terminal segment of a 
limb shuts down either on t.he square summit of tlio bmn.rl 
l~cnultimnte segment, or against one whole side; and 
is thus enabled to catch hold of an object ; but the limb 
still serves as an org’an of locomotion. We next find 
one corner of the broad penultimate segment slightly 
prominent, sumctimes furnished with irregular teeth; and 
against these the terminal segment shuts down. By an 
iucrease in the size of this prqjection, with its shape, 
as well as that of the terminal segment, slightly modified 
aud improved, the pincers are rendered more and more 
prfect, until we have at last an instrument as efficient 
as t,be cbul~ of a lobster; and all these gradations oan 
\a actually traced. 

Besides the avicularia, the Polyzoa possess curious 
organs called vihraoula. These generally consist of long 
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bristles, capable of movement and easily excited. In 
one species examined by me the vibracula were slightly 
curved and serrated along the outer margin; and all 
of them on the same polyzoary often moved simul- 
taneously ; so that, acting like long oars, they swept 
a branch rapidly across the object-glass of my micro- 
scope. When a branch was placed on its face, the 
vibracula became entangled, and they made violent 
efforts to free themselves. They are supposed to serve 
as a defence, and may be seen, as Mr. Busk remarks, 
“to sweep slowly and carefully 0Yer the surfairce of the 
polyzoary, removing what might be noxious to the 
deli&c inhabita~nts of the cells when their tentacula are 
protruded.” The avicularia, like the vibracula, probably 
serve Sor defenc,o, but tl1r.y also catch and kill small 
living animals, which it is believed are afterwards swept 
by the currents within reach of the tentacula of the 
zooids. Some species are provided with avicula.ria and 
vibracula ; some with avicularia alone, and a few with 
vibracula alone. 

It is not easy to imegine two objects more widely 
different. in appearance than a bristle or vibraculum, 
and an avicularium like the head of a bird ; yet the,y are 
almost certainly homologous and have been developed 
from t,hc sa,me common source, namely a zooid with its 
cell. Hence we can understand how it is that these 
organs graduate in some cases, as I am informed by 
Jlr. Busk, into each other. Thus with the avicularia 
of several species of Lepralia, the moveable mandible 
3s so mu& produced and is so like a bristle, that. 
the presence of the upper or fixed be.ak alone serves to 
determine its avicularian nature. The vibracula may 
h:rvc been directly developed from the lips of the cells, 
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without having passed through the avicularian stage ; 
but it seems more probable that they have passed through 
tllis stage, as during the early stages of the transforma- 
tion, the other parts of the cell with the included zooid 
could hardly have disappeared at once. In many cases 
tho vibracula have a grooved support at the base, which 
seems to represent the fixed beak ; though this support in 
some species is quite absent. This view of the develop- 
ment of the vibracula, if trustworthy, is interesting; for 
supposing that all the species provided with avicularia 
hd beoomo extinct, no one with the must vivid imagina- 
tion would ever have thought t,hat the vibracula had 
originally existed as part of an organ, resembling a 
bird’s head or an irregular box or hood. It is interest.ing 
to see two such widely d&rent organs devclopcd from 
a common ori$n; and as the moveable lip of the cell 
scrvcs as a protection to the zooid, there is no difficulty 
in believing that all the gradatilms, by which the lip 
became convcrtcd first into the lower mandible nf an 

avicularium and t,hen into an clongat,ed bristle, likewise 
served as a protection in different ways and under 
difi’erent circumstances. 

In the vegetable kingdom Mr. Mivart only alludes 
to bwo cases, namely the structure of the flowers of 
orchids, and the movements cf climbing plants. With 
respect to the former, he says, “the explanation of their 
o@+~ is deemed throughly unsatisfactory-utterly in- 
eutficient to explain the incipient, infinitesimal begin- 
nings of structureJ which are ui’ uOility only when they 
are considerably developed.” As I have fully treated 
this subject in another work, I will here give only a few 
details on one alone of the most striking peculiarities of 
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tl~e fl(JWerS of orchids, namely their pollinia, A polliniurn 
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 transported by insects from one flower 
to the stigma of another. In some orchids there is no 
cnudicle to the pollen-masses, and the grains are merely 
tied tog&her by fine t,hreads ; but as these are not con- 
iined to orchids, they need not here be considered ; yet I 
may mention that at the base of the orchidaceous series, 
in CylJriydiuru, we can see how the threads were pro- 
bably first developed. In ot,her orchids the threads 
cohcrc at one end of the pollen-masses; and this forms 
the first or nascent tmcc of a. caudiclc. That this 
is the origin of the oaudiclc, even mhen of considerdh 

length artd highly developed, we have good evidence 
in the aborted pollen-grains which can sometimes be 
detected cmbcdded within the central and solid parts. 

With respect LO 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, 
oath of plain service to the plant. In most flowers 
belonging to other orders the stigma secretes a little 
viscid matter. Now in certain orchids similar viscid 
matter is secreted, but in much larger quantities by one 
alone of the three stigmas ; and this stigma, perhaps in 
consequence of the copious secretion, is rendered sterile. 
When an insect visits a flower of this kind, it rubs off 
sdme of the viscid matter and thus at tOhe same time 
kags away some of the pollen-grains. From this simple 
condition, which differs but little from that of a m&i- 
tude of common flowers, there are endless gradations,- 
to species in which the pollen-mass terminates in a very 
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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 Lave a pollinium in its most highly developed and 
perfect condition. He who will carefully examine the 
tlowers of orchids for himself will not deny the existence 
of the above series of gradations-from a mass of pollen. 
grains merely tied together by threads, with bhe stigma 
difrering but little from that of an ordinary flower, to a 
highly complex pollinium, admirably adapted for trans- 
portal by inseoty ; 11ur will he deny that all tllo grada- 
tions in the several species are admiraLly adapted in 
relabion to the general structure of each flower for its 
fertilisation by different insects. In this, and in almost 
every otlw case, the enquiry m:ly be pushed further 
backwards ; and it, may be asked how did the stigma of 
an ortlinary fewer become viscid, but as we do not know 
the full history of any one group of Lein:,rs, it is as 
useless to ask, as it is hopeless to attempt answering, 
such questions. 

We will now turn to climbing plants. These can be 
arranged in a long series, from those which simply twine 
round a support, to those which I have called leaf- 
climbers, and to those provided with tendrils. In these 
two latter classes the stems have generally, but not 
always, lost the power of twining, though they retain the 
ljower of revolving, wlkich the tendrils likewise possess. 
Tlle gradations from leaf-climbers to tendril-bearers are 
wonderfully close, and certain plants may be indifferently 
placed in either class. But in ascending the series from 
simple twiners to leaf-climbers, an important quality is 
added, namely sensitiveness to a touch, by which means 
the foot-stalks of the leaves or flomers, or t,hese modified 
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and converted into tendrils, are excited to bend round and 
clasp t,he touching object. He who will read my memoir 
on these p1ant.s will, I think, admit that all the many 
gradations in function and structure between simple 
twiners and tendril-bearers are in each case beneficial 
in a high degree to the species. For instance, it is clearly 
a great aClyautage Lo a twining plant, to become a leaf- 
climber ; and it is probable that every twiner which 
possessed leaves with long foot-stalks would have been 
dcveloyed into a leaf-climber, if the foot-stalks had pos- 
sessed in any slight degree the rcquisitc sensitiveness to 
a touc11. 

As twining is the simplest means of ascending a sup- 
port, and forms the basis of our series, it, may naturally 
be asked how did plmts acquire this power in an incipient 
degree, afterwards to be improved and increased through 
natural selection. The power of twining depends, firstly, 
on the stems whilst young being extremely flexible (but 
this is a character common to many plants which are 
not climbers) ; and, secondly, on their continually bend- 
ing to all points of the compass, one after the other in 
succession, in the same order. By this movement the 
stems are inclined to all sides, and are made to move 
round and round. As soon as the lower part of a stem 
strikes against any object and is stopped, the upper part 
nLil1 goes on bending and rc\rolving, and thus riccessarily 
twines round and up the support. The revolving move- 
ment ceases after the early gu~nLh of each shoot. As 
in many widely sepxmtcd families of plants, single 
species and single genera possess the power of revolvirg, 
ahd have thus become twiucrs, they must have inde- 
pendently acquired it, and cannot have inherited it from 
a common progenitor. Hence I was led to predict that 
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some slight tendency to a movement of this kind would 
be found to be far from uncommon with plants which did 
not climb ; and bhat this had afforded the basis for natural 
selection to work on and improve. When I made this 
prediction, I knew of only one imperfect case, namely 
of the young flower-pedunclce of a Maurandia which re- 
volved slightly and irregularly, like the stems of twining 
plants, but without making any use of this habit. Soon 
afterwards Fritz Miiller discovered that t’he young stems 
of an Alisma and of a Linnm,-plants which do not 
climb and are widely separated in the natural system, 

-revolved plainly, t,hough irregularly; and ho states 
that he has reason to suspect that this occurs with some 
0the.r plants. These slight movements appear to be of 
no service to the plzxntq in question ; anyhow, they are 

not of the least use in the way of climbing, which is the 
point that concerns us. Nevertheless we can see that if 
the stems of these plants had been ilexible, and if under 
the conditions to which they are exposed it had profited 
them to ascend to a height, then the habit of slightly 
and irregular1.y revolving might have been increased and 
utilised through natural selection, until they had become 
converted into well-developed twining species. 

With respect to the sensitiveness of the foot-stalks of 
the leaves and flowers, and of tendrils, nearly the same 
remarks are applicable as in the case of the revolving 
movcme.nts of twining plants. As a vast number of 
species, belonging to widely distinct groups, are endowed 
with this kind of sensitiveness, it ought to be found in a 
nascent condition in many plants which have not become 
aiimbers. This is the case: I observed that t,he young 
flower-pednncles of the above Maurandia grved them- 
eelves a little towards the side which was touched, 
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Morren found in several species of O&is that the leaves 
and their foot-stalks moved, especially after exposure to 
a IIWL sun, when they were gently and repeatedly touched, 
or when t,he plant was shaken. I repeated these obser- 
vations on some other species of Oxnlis with the same 
result ; in some of them the movement was distinct, but 
was best seen in the young l~c~ves; in others it was 
extremely sligllt. It is a more important fact that 
according to the high authority of Hofmeistcr, the young 

shoots and leaves of all plants move after being shaken; 
and with climbing plants it is, as we know, only dnring 
the cnrly stages of growth that the foo=stalks and tendrils 
arc sensitive. 

It is scnrc.ely possible that the above slight movements,. 
due to a touch or shake, in the young and growing organs 
of plant.s, can be of any functional importance to them. 
Cut plants possess, in obed!ence 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. When the nerves and 
muscles of an animal are excited by galvanism or by t,he 
dJ.YOr~JtiOn Of StryChnine, the COIISeqUent ~nO\~el~lentS Inay 

he &kd RII iu cidental resnlt, for the nerves and muscles 
hnven.ot been rendered specially sensitive to these stimuli. 
SC nit11 plants it apples Ill&, from having the power 
of movemerit in obedience to cert,ain stimuli, they are 
excited in an incblfntal manner by 5 towh, or by being 
ah&n. Hence there is no great difficulty in admitting 
ihat in the cn.se. of leaf-climbers and tendril-bearers, it is 
this tendency which has been taken advantage of and 
iacrcn.sud through natural selection. It is, however, pro- 
bable, from rc‘asons which I have assigned in my memoir, 
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111d this will have occurred only with plants which had 
almtdy acquired the power of revolving, and had thus 
Leco:ne tmiucrs. 

I have already endeavourcd to explain how plants 
bccarnc twinem, namely, by the incrcnse of a tendency 
to alifiht. and irre,$n- revolving movemeuts, which were 
at first of no use to them ; this mcwm~cr~t~, as well cw that 

due to a touch or shake, being the incidental result of 
the power of moving, D Cried for other and beneficial 
I'7lTpOS"J. Whether, during the gradual tle\rcl(jprnent of 
climbing plants, natuml selection has been aided by tObe 
inherited cf!‘ects of use, I will not pretend to dec.ide; but 
we kuow that certain periodical movements, for instance 
the so-called sleep of plams, are governed by habit. 

I have now considered enough, perhaps more than 
enough, of the cases, selected with care by a skilful 
natumlist, to prove that nat,ural selection is incompetent 
to nccouut for the incipient stages of useful structures; 
and I hnve. sllown, as I hope, that there is no Lyeat dim- 
culty on this head. A good opportunity has t,hus been 
afhded fur e&i-gill, u it little on gradations of structure, 
often associated wit.h changed functions,-an important 
sul.),jcct, ml~ich ~3.3 not treated at sufficdent lwgth in 

t,lIc former editions of this work. I mill now briefly 
rcc::l~ituld,o the foregoing cams. 

JVitli the giraf%, the continued preservation of the 
intlividuals Of Smle extinrt l:i:,Fh-reaclli ug ruminnnt, 

vhich had t,he longest necks, le;s, &c., and co1~1d browso 
a little above the avcrCqc height, and the continued de- 
struction of those which could not, browse SO high, wouhl 
have sufficed for the protluction of tILis remarkable quad- 
ruped; but the prolonged use of all the parts together 
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with inheritance will have aided in an important manner 
in their co-ordination. With the many insects which 
irnil;Ll,e various ohjecbs, there is no improbal3ility in the 
belief that an accidental resemblance to some common 
ob,iect was in each case the foundation for the wor?r of 
natural selection, since perfected through the occasional 
preservation of slight variations which made the re>em- 
blance at all closer; and t,his will hsve been carried on 
as long as the insect continued to vary, and as long as a 
more and more perfect resemblance led to its escape from 
sharp-sighted enemies. In nwt,:3in species of whales 
there is a tendency to the formation of irreg&.r little 
points of horn on the palate; and it seems to be clui’ite 
within the scope of natural selection to preserve all 
favoumClc variations, until the points were converted 
first into lamcllated knobs or tect.h, like those on the 
beak of a goose,-then into short, lame&, like those of 
the domestic ducks, -and then into lamellx, as perfect 
as those of the shoveller-duck,-and finally into the 
gigantic plates of baleen, as in the mouth of the Green- 
land whale. In the family of the ducks, the lamellz are 
first used as teeth, then partly as teeth and partly as a 
sifting apparatus, and at last almost exclusively for this 
latter pq~u5e. 

With such structures as the above lamelIz of horn or 
whalobonc, habit or we can have done little or nulhing, 
as far as me can judge, towards their development. On 
the other hsnd, the transportal of the lower eye of R 
flat-fish to the upper side of the head, and the formation 
of a prehensile tail, may he, nttxibuted almost wholly to 
continued use, together with inheritance. With respect 
to the ma.mmz of .the higher animals, the most probable 
conjecture is that primordially the cutaocous glands 
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over the whole suface of a marsupial sack secreted a 
nutritious fluid ; and that these glands were improved 
in function through natural select,ion, and concentrnted 
into a confmed area, in which case they would have 
formed a mamma. There is no more difficulty in undcr- 
standing how the branched spines of some ancient Echi- 
noderm, which served as a &fence, became developed 
through natural selection into t,ridactyle pedicellariz, 
than in understanding the development of the pincers 
of crustaceans, through slight, serviceable modifications 
in the ultimate and penultimate segments of a limb, 
which was at first used solely far locomotion. In the 
avicularia and vibrncula of the Palyzoa we have organs 
widely different in appearance developed from tbe same 
source ; and with the vibracula we can understand hnw 

t.he successive gradat,ions might have been of service. 
With the pdlinia of orchids, the threads which origin- 
ally served t,o t,ie together the pollen-grains, can be 
traced cohering into caudicles ; and the steps can likc- 
wise 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 benetit 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 so 
potent, why has not this or that structure been ga.ined 
by certain species, to which it would apparently have 
been advantageous ? But it. is unreasonable to expect a 
precise answer to such questions, considering our ignor- 
ance of the past history of each species, and of the condi- 
tions which at the present day determine its numbers and 

99 
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range. 111 IIIVY~ ow3 unly gt~~al reasona, but in some 
few cases special reasons, can be assigned. Thus to adapt 
a species to new habits of life, many co-ordinatcd muclifi- 
cations are almost indisper.sable, 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 hem prevented from increasing in-numbers through 
destructive agencies, which stood in no relation to certain 
structures, which we imagine would have been gained 
through natural selection from appearing to us advan- 
tageous to the species. In this case, as the struggle for life 
did not depend on such structures, they could not have 
been acquired through natural selection. In many cases 
complex and long-enduring conditiolls, oft.cn of a peculiar 
nature. are ncccssary for the dcvelopmcnt of a structure ; 
and the requisite conditions may seldom have concurred. 
The belief that any given structure, which we think, 
often e.rroneously, would have been beneficial to a 
species, would have been gained under all circumstances 
through natural selection, is opposed to what we can 
understand of its manner of action. Mr. Mivart does 
not deny that natural selection has effected aomothing ; 
but he considers it as “ demonstrably insufIicie.nt ” to 
account for the phenomcns which I cxpluin by its 

;laency. His chief arguments have now been considered, 
nud the others will hereafter be considered. They seem 

to me to part,ske little of the character of demonstration, 
and to have little weight in comparison with t,hnse in 

favour of the power of natural selection, aided by the 
other agencies often specified. I am 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 
lately published in the ’ Medico-Chirurgical Review.’ 
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At t,he present day almost all naturalists admit evolu- 
tion under some form. Mr. Mivart believes that species 
&II~': Ihrough ‘I an internal force or tendency,” about 
which it is not pretended t.hst anything is known. That 
species have a capacity for change will be admitted by 
all evolutionists ; but there is no need, as it seems to 
me, to invoke any iutcrnal force beyond the tendency 
to ordinary varkbility, which through the aid of selec- 
ti3n by man has given rise to many well-adapted 
domestic races, and which through the aid of natural 
selection would equally well give rise hy graduated steps 
to natural races or species. The final result will gene- 
rally have been, as already explained, an advance, but 
in some few cases a retrogression, in orga.nisation. 

Mr. Mivart is further inclined to believe, and some 
naturalists agree with him, that new species manifest 
themselves ‘(with suddenness and by modifications ap- 
pearing at once.” For instance, he supposes that t.he 
differences between the extinct three-toed Hipparion and 
bhe horse arose suddenly. He thinks it diflicult to believe 
that the wing of a bird “was developed in any other way 
Ihitn by a comparatively sudden modification of a marked 
and important kind ; ” and apparently he would extend 
the same view to the wings ui? bats and pterodactyles, 
This conclusion, which implies great breaks or discon- 
tinuity in the sorios, appears to me improbable in the 
highest degree. 

Rvery one who believes in slow and gradual evolution, 
will of course admit that specific changes may have been 
~8 abrupt and as great as any single variation whioh we 
meet with under nature, or even under domestication. 
But a.s species are more variable when domesticated or 
cultivated than under their natural conditions, it is not 
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probable that such great and abrupt variations have often 
occurred under nature, ‘zs are known occasionally to arise 
under domestication. Of these latter variations several 
may be attributed to reversion ; and the characters which 
thus reappear were, it is probable, in many cases at first 
gained in a gradual manner. A still greater number 
must be called monstrosities, such as six-fingered men, 
porcupine men, Ancon sheep, Niata cattle, kc. ; and as 
they ase widely different iucharacter from natural species, 
they throw very little light on our subject. Excluding 
such CCLCXXJ of abrupt variationo, the few which remain 
would at best constitute, if found in a state of nature, 
doubtful species, closely related to their parental types. 

My reasons for doubJing whether natural species have 
r,l~nn~~‘l as abruptly as have occasionally dnmest,ic TR.CKI, 

and for entirely disbelieving that t.hey have changed in 
the wonderful manner indicated by Xr. Mivart, are as 
follows. According to our experience, abrupt and 
strongly marked variations occur in our domesticated 
productions, singly aud at rather long intervals of time. 
If such occurred under nature, t,hey would be liable, as 
formerly explained, to be lost by accidental causes of 
destruction and by subsequent, inter-crossing; and so 
it is known to be under domestication, unless abrupt 
variations of this kind are specially preserved and 
separated by the care of man. Hence in order that a 
new species should suddenly appear in the manner 
suppmed by Mr. MivarL, iC, is i.du~~sL necessary m 
believe, in opposition to all analogy, that several 
woadt;rfully changed individuals appeared simultaue- 
ously witbin the same district. This. difficulty, as in 
the case of unconscious selection by man, is avoided on 
the theory of gradual evolution, through the preservation 
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of a large number of individuals, which varied more or- 
less in any favourablc direction, aud of the destruction 
of a large number which varied in an opposite manner. 

That many species have been evolved in an extremely 
gradual manner, there can hardly be a doubt. The species 
and even the genera of many large natural families are 
80 closeiy allied together, that it is difficult to distinguish 
not a few of them. On every continent in proceeding 
from north to south, from lowland to upland, &c., +ve 
meet with a host of closely related or represent’ative 
species; as we likewise do on certnin distinct conti- 
nents, which we have reason to believe were formerly 
connected. But in making these and the following 
remarks, I am compelled to allude to subjects hereafter 
to be discussod. Look at the hmy outlying islands 

round a continent, and SW how many of their inhabitants 
can be raised only to the rank of doubtful species. So 
it is if we look to past times, and compare the species 
which have just passed away with those still living 
within the same areas; or if we c,ompnre the fossil specks 
embedded in the sub-&ages of the sa.me geological forma- 
tion. It is indeed manifest that multitudes of species 
are related in the closest manner to other species that 
still exist, or have lately existed; and it will hardly be 
maintained that such species have been developed in an 
abrupt or sudden manner. Nor should it be forgotten, 
when we look to the special parts of allied species, 
instead of to distinct species, t,hat numerous and wonder- 
Fully fine gradations can be traced, connecting together 
widely different structures. 

Many large goups of facts are intelligible only on the 
principle that species have been evolved by very sma,ll 
steps. For instance, the fact that the species irmluded 
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in t,he larger genera are more closely related to en& 
other, and present a greater numhw of varieties than d.) 
the species in the smaller genera. The former are also 
grouped in little clusters, like varieties round species; 
and t,hey present other analogies with varieties, as wu 
shown in our second chapter. On this same principle 
we can understand how it is that specific c.haracters are 
more variable than generic characters ; and how the 
parts which are developed in an extraordinary degree or 
manner are more variable than other parts of the same 
species. Many analogous facts, all pointing in the same 
directicm, could be added. 

Althorlgh very many species have almost cert,tinly 
been produced by steps not great,cr than those separat- 
ing fine varieties ; yet it may be maintained that some 
have been developed in a difl’crent and abrupt manner. 
Such an admission, however, ought nut to be made 
without strong evidence being assigned. The vague 
rr.nil in some. respects false analogies, aa they have been 
shown to be by Mr. Chauncey Wright, which have been 
advanced in favour of this view, such as the sn&km 
crystaltllisation of inorganic substances, or t.he falling of 
a faecttcd spheroid from one facet to another, hn.rtlly 
deserve consideration. One class of facts, however, 
namely, the sudden appearance of new and distinct 
forms of life in our geological fcrmatiuns supports at 
first sight the belief in abrupt development. But the 
value of this evidence depends entirely on the perfection 
of the geelogical record, in relation to periods remote in 
the history of the world. If the record is as fragmentary 
as many geologists strenuously assert, there is nothing 
strange in new forms appearing as if suddenly developed. 

Unless we admit transformat,ions as prodigious as 



CHAP. WI.] THEORY OF NATURAL SELECTION. 817 

those. advocated by Mr. Mivart, such as the sudden de- 
velopment of the wings of birds or hatn, nr the sudden 
conversion of a Hipparion into a horse, hardly any light 
is thrown by the belief in abrupt modifications on the 
deficiency of connecting links in our geological forma- 
tions. But against the belief in such abrupt changes, 
embryology enters a strong protest. It is notorious 
that t.he wings of birds and bats, and the legs of horses 
or other quadrupeds, are uncl&inguishablc at an early 
embryonic period, and that they become differentiated 
by insensibly fine steps. ISmbryological resemblances 
of all kinds can be accounted for, as we shall hereafter 
see, by the progenitors of our existing species having 
varied after early youth, and having transmitted their 
newly acquired chmactcrs to their uBkpring, at a corres- 
ponding age. The embryo is thus left almost unaffected, 
and serves as a record of the past condition of the species. 
Hence it is that existing species during the early stqes 
of thir tlr,vdnpment so often resemble amicnt and 
extinct forms belonging to the same class. On this 
view of the meaning of embryoln,nirA resemblances, and 
indeed on any view, it is incredible that an animal 
should have undergone such momentous and abrupt 
transformations, as those above indicated; and yet should 
not bear ever: a trace in its embryonic condition of any 
sudden modification ; every detail in its structure being 
developed by insensibly fine steps. 

He who, believes t,hat some ancient form was traus- 
formed suddenly through an internal force or tendency 
hto, for instance, one furnished with wings,will be almost 
compelled to assume, in opposition to all analogy, that 
many individuals varied simultaneously. It cannot be 
denied that such abrupt and great changes of structure are 
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widely different from those which most species- appa- 
rently 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 surronnd- 
ing conditions, have been suddenly produced ; and of 
such complex and wonderful co-adaptations, he will not 
be able to assign a shadow of an explanation. He will be 
forced to admit that these great and sudden transforma- 
tions have left no trace of their action on the embryb. 
To admit all this is, as it seems to me, to enter into the 
realms of miracle, and to leiive thuse of Science 
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CIXAPTER VIII. 

INSTIX~T. 

Instincts comparable with habits, hut different in t,heir origin--- 
Instincts graduated-Aphides and ants-Instincts vsriablc- 
Donwlic instincts, their origin-Natural instincts of the cuckol+ 
molothrus, ostrich, and parasitic bees-Slave-making ants- 
Hive-bee, its cell-making instinct-Changes of instinct and 
structure not necessarily simultaneous-Ditlicnltiee of the theory 
of the satural Selection of instincts-Neuter or sterile insects 
-Summary. 

MAXV instincts arc so wonderful that their development 
will probably appear to the render a dif1iculty sufficient 
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 dive.rsities of instinct and of 
t,he other mental faculties in animals of the same class. 

I will not attempt any definition of instinct. It would 
be easy to show that several distinct mental actions are 
c.ommonly embraced by this term ; but every one nnder- 
stands 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 
experience to enable us to perform, when performed by 
an animal, more especially by a very young one, without 
experience, and when performed by many individuals 
in the same way, without their knowing for what purpose 
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it is performed, is usually said to be instinctive. But 
I could show that none of these characters are nniversal. 
A little dose of judgment or reason, as Pierre Hubel 
expresses it, often comes into play, even with animals 
low in the scale of nature. 

Fredcrick Cuvier and several of the older meta- 
physicians 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 necessarily of its origin. How 
unconsciously many habitual actions are performed, 
indeed not rarely in direct opposition to our con- 
scious will! yet they may be modified by the will or 
reason. Habits easily become associntcd with other 
habils, with certain periods of time, and s&es of the 
body. When once acquired, they often remain consta:It 
throughout life. Several other points of resemblance 
between instincts and habits could be pointed out. As 
in repeating a well-known song, nn in instinc.ts, one 

action follows another by a sort of rhythm ; if a person 
be interrupted in a song, or in repeating anptJling hy 
rote, he is generally forced t,o go back to rec0ve.r the 
habitual train of thought; so I’. IIubcr found it was 
with a caterpillar, which makes a very complicated 
hammock; for if he took a caterpillar which had com- 
pleted its hammock up to, say, tllc sixth stage of construc- 
tion, and put it into a hammock completed up only to 
the hhird stage, the caterpillar simply re-performed the 
fourth, fifth, and sixth stages of construction. If, how- 
ever, a caterpillar were 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 
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benefit from t,his, it was much embarrassed, and in order 
to complete its hammock, seemed forced to start from 
the third stage, where it had left off, and thus tried bo 
complete the already finished work. 

If we’suppose any habitual action to become inherited 
-and it can be shown that this does sometimes happen 
-then the resemblance between what originally was a 
habit and an instinct becomes so close as not to be dis- 
tinguished. If Mozart, instead of playing the pianoforte 
at three years old with wonderfully little practice, had 
played a tune with no practice at all, he might truly be 
said to have done so instinctively. But it would be a 
serious error to suppose that the greater number of 
instincts have been acquired by habit in one genera- 
tion, and then transmitted by inheritance to succeeding 
generations. It can be clearly shown t,hat the most, 
wonderful instincts with which we are acquaint.ed, 
namely, those of tho hive-bee and of many ants, could 
not. pmsil ,ly have l:wm acrpird by hnhit. 

It mill be universally admitted that instincts are as 
important as corporeal structures for the welfare of each 
species, under its present conditions of life. Under 
changed conditions of life, it is at least possible that 
slight modifications of instinct might be profitable to a 
species ; and if it, can be shown that instincts 40 vary 
ever so little, then I can see no difficulty in natural 
selection preserving and continually accumulating vari- 
ations of instinct to any extent that was profituble. It 
is thus, as I believe, that all the most complex and 
wonderful instincts have originated. AS modifications 
of corporeal structure arise from, and are increased by, 
use or habit, and are diminished or lost by disuse, so I 
do not doubt it has been with instincts. But J believe 
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that the effects of habit arc in many cases of subordinate 
importance to the effects of the natural selection of what 
may be called spontaneous variations of inst,incts ;-that 
is of variations produced by the same unknown causes 
which produce slight, deviations of bodily structure. 

Ko complex instinct can possibly be produced throngh 
nahrul selection, except by the slow and gradual accu- 
mulation of numerous slight, yet profitable, variations. 
Hence, as in the case of corporeal structures, we ought 
to find in nature, not the actual transitional gradations 
by which each complex instinct has been acquired-for 
Ohesc could be found only in the lineal ancestors of cnch 
species-but we ought to find in the collateral lines of 
descent some evidence of such gradations ; or WC ought 
at least to be able t,n show thnt gradations of Eomc kid 
are possible ; and this we certainly can do. I have been 
surprised to find, making alIowance for the instincts of 
animals having been but little observed except in Europe 
and North America, and for no instinct being known 
amongst extinct species, how very generally gradations, 
leading to the most complex instincts, can be discovered. 
Changes of inst,inct may sometimes be facilitated by the 
same species having different instincts at diflbrent periods 
of life, or at dillbrent se,asons of the year, or when placed 
under diflhrent circumstances, kc. ; in which case eit,hor 
t.hc one or the other instinct might be preserved bynatural 
selection. And such instances of diversity of instinct 
in the SUM ypecics can be shown to oocur in nature. 

Aga.in, as in the case of corporeal structure, and con- 
formably 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 strongest instances of an animal apparently perfzzm- 
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ing an action for the sole good of another, with which I 
am acquainted, is t,hat of aphides 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 sure that the aphides would want to excrete. I 
matched tbcm for some time through a lens, but not one 
excreted; I then tickled and stroked them with a hair 
in the same manner, as well as I could, as the ants do 
with their antennae ; but not one excreted.. Afterwards 
I allowed an ant to visit them, and it immediately 
seemed, by its eager way of running about, to be well 
aware what. R. rich flock it had discovered ; it then began 
to play with its antennae on the abdomen first of one 
nphis and then of another; and each, aa soon as it felt 
the ant.ennze, immediately lifted up its abdomen and 
excreted a limpid drop of sweet juice, which was eagerly 
devoured by the +nt. Even the quite young aphides 
behaved in this manner, showing that the action was 
instinctive, and not the result of experience. It is 
certain, from the observations of Huber, that the aphides 
show no dislike to the ants : if the latter be not present 
they are at last compelled to e.ject their excretion. But 
as the excretion is extremely viscid, it is no doubt a 
convenience to the aphides to have it removed ; there- 
fore probably they do not excrete solely for the good of 
the ants. Although there is no evidence that any animal 
performs uu action for the exclusive good of another 
species, yet each tries to take advantage of the instincts 
of others, as each takes advantage of the weaker bodily 
structure of other species. So again certain instincts 
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cannot be considered as absolutely perfect; but as details 
on this and other such point3 are not indispensable, they 
m:ly be here passed over. 

A3 some degree of variation in instincts under a state 
of nature, and the inheritance of such variations, am 
indispensable for t,he action of natural selection, as 
many instanoes as possible ought to be gi\,eu; but want 
of space prevent3 me. I can only assert that instincts 
certainly do vary-for instance, t,he migratory instinct, 
both in extent and direction, and in its total loss. So 
it, is with the nests of hi&, which vary partly in 
depcndencc on the situations chosen, and on the nature 
ant1 temperature of the country inhabited, hut often from 
causes wholly unknown to us: Audubon has give,n 
several remarknblo cases of differences in the ne.sts of 
the same specie3 in t,he northern and southern United 
States. Why, it has been asked, if instinct be variable, 
has it not granted to the bee iI the ability to use some 
other material when wax was deficient” 1 But what 
other natural material could bees use 1 They will work, 
as I have seen, with wax hardened with vermilion or 
x$tttIletl with lard. Andrew Knight observed that hi3 
bees, instead of 1aboriousIy collecting propolis, used a 
cement of wax and turpmhe, with which he 1~3 covered 
decorticated trees. It has lately been shown 6hat bee.s, 
in&ad of ccarching for pollen, will gladly use a very 
different substance, namely oatmeal. Fear of any par- 
tic&r enemy is certainly an instinotivc quality, as may 
ba seen in nestling birds, though it is strengthened by 
experience, and by the sight of fear of the same enemy 
in other animals. The fear of man is slowly acquired, 
as I have elsewhere shown, by the various anin+ 
which inhabit desert islands; and we see an instance 
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UC Us even in England, in the greater wildness of all 
our large birds in comparison with our small birds ; 
for the large birds have Leeu most persecuted by man. 
We may safely attribute the greater wildness of our large 
birds to this cause ; for in uninhabited islands large birds 
are not more fearful than small ; and the magpie, so wary 
in England, is tame in Norway, (~9 is the hooded crow 
in Egypt. 

That the mental qualities of animals of the same kind, 
born in a state of nature, vary much., could be shown 
by many facts. Several casts crmltl nlsn he adduced of 
occasional and strange habits in wild animals, which, if 
advantageous to the species, might have given rise, 
through natural selection, to new instincts. But I am 
well aware that t.hese general statements, without the 
facts in detail, will produce but a feeble effect on the 
reader’s mind, I can only repeat my assurance, that I do 
not speak without good evidence. 

In?~crited Ch.m~ca of &bit or Instinct ,i?b Dvmt&icated 
Animals. 

Tho poss&iliLy, UP even probability, of inherited varia- 
tions of instinct in a state of nature will be strengthened 
by briefly considering it few eases under doruwtication. 
We shall thus be enabled to see the part which habit 
and the selection of so-called spontaneous variations have 
played in modifying the mental qualities of our domestic 
a&ds. It is nntnrirmn how much domestic animals 
vary in their mental qualities. With cats, for instance, 
out naturally takes to catching rats, and another mice, 
and these tender&s are known to be inherited. One 
cat, according to Mr. St. John, always brought home 
game-birds, another hares or rabbits, and another hunted 
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on marshy ground and almost nightly caught woodcocks 
or snipes. *4 number of curious and authentic instances 
could be given of various shades of disposition and of taste, 
and likewise of the oddest tricks, associated with certain 
frames of mind or periods of time, being inherited. But 
let us look to the familiar case of the breeds of the dogs : 
it cannot be doubted that young pointers (I have myself 
seen a striking instance) will sometimes point and even 
back other dogs the very first time that they are taken 
out ; retrieving is certainly in some degree inherited by 
retrievers; and a tendency to ruu round, instead UP al, 
a flock of sheep, by sllephcrd dogs. I cannot see that 
t,hese actions, performed without experience by the young, 
and in nearly the same manner by each individual, per- 
formed with en.p rlejight by each breed, and without 
the end being known-for the young pointer can no 
more know that he points to aid his master, than 
the white butterfly knows why she lays her eggs on the 
leaf of the cabbage-I cannot see that these actions differ 
essentially from true instincts. If we were to behold one 
kind of wolf, when young and without any training, as 
soon as it scented its prey, stand motionless like a statue, 
and then slowly crawl forward with a peculiar gait ; and 
another kind of wolf rushing round, instead of at, a herd 
of deer, and driving them to a distant, point, me should 
assnreclly call these actions instinctive. Domestic 
instincts, as they may be called, are certainly far less 
fixed than rlalural instincts; but they have been acted 
an by far less rigorous selection, and have been trans- 
mitted for an incompnrably shorter peri’iutl, under less 
fixed conditions of life. 

How strongly these domestic instincts, habits, and 
dispositions are inherited, and how curiously they 



CIUP. VILI.] IN DOMESTICATED ANIMALS. 327 

become mingled, is well shown when different breeds of 
dogs are crossed. Thus it is known that a cross with a 
bull-dog has affected for many generations the courage 
and obstinacy of greyhounds ; and a cross with a grey- 
htnnd has @en to a whole family of shepherd-dogs a 

tendency to hunt hares. These ddmestic instincts, when 
thus tested by crossing, resemble natural instincts, which 
in a like manner become curiously blended together, 
and for a long period exhibit, traces of the instincts of 
either parent : for example, Le Roy describes a dog, 
whose grezt-grandfather was a wolf, and this dog showed 
a trace of its wild parentage only in one way, by not 
coming in a straight line to his master, when called. 

l)omestic instincts are sometimes spoken of as actions 
which have become inherited solely from Inng-continued 
and compulsory habit; but this is not true. No one 
would ever have thought of teaching, or probably could 
have taught, the tumbler-pigeon to tumble,-an action 
which, as I have witnessed, is performed by young birds, 
that have never seen a pigeon tumble. We may believe 
that some one pigeon showed a slight tendency to this 
strange habit, 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 I hear from Mr. Brent, which 
cannot fly eighteen inches high without going head over 
heels. It may bc doubted whether any one would have 
Ghought of training a dog to point, had IM some one clog 
naturally shown a tendency in this line ; and this is 
known oocwionally to hnppcn, ~1s I once saw, in a puru 
terrier: the act of pointin g is probably, as many have 
thought, only the exaggerated pause of an animal pre- 
paring to spring on its prey. When the first tendency 

A:: 
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to point was once displayed, methodical &e&ion and 
the iuherited effects of compulsory training in each suc- 
cessive generation would soon complete the work ; and 
unconscious selection is still in progress, as each man 
t,ries to procure, without intending to improve the breed, 
dogs which stand and hunt best. On the other hand, 
habit alone iti some cases has sufficed ; hardly any 
animal is more d&At to tame than the young of the 
wild rabbit; scarcely any animal is tamer than the 
youug of the tame rabbit ; but I can hardly suppose 
that domestic rabbits have often been selected for taroe- 
ness alone ; so t11nt we must attribute at least the greater 
part of the inherited change from extreme wildness to 
e:x-tremc mmeness, t,o habit and long-continued close 
connnemcnt. 

Natural instincts are lost under domestication: a 
remarkable instance of t,his is seen in those breeds of 
fowls which very rarely or never become “ broody,” that 
is, never wish to sit on their eggs. Familiarity alone 
prevents our seeing how largely and how permanently 
the minds of our domestic animals have been modified. 
It is scarcely possible to doubt that the love of man 
has become iustiuctive in the dog. All wolves, foxes, 
jackals, and species of the cat genus, when kept tame, 
are most eager to attack poultry, sheep, and pigs; and 
Lhis tentlency has been found incumble in dogs which 
have been brought home as puppies from countries such 
‘13 Tierra dcl Fuego trod Australia, where the savages do 
XJ~ keep these dome& animals. How rarely, on the 
other hand, do our civilised dogs, even whau quite young, 
require to be taught not to attack poultry, sheep, and 
pigs ! No doubt they occasionally do make an attack, 
and are then beaten ; and if not cured, they are de? 
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stroyed ; so that habit and some degree of selection 
have probably concurred in civilieing by inheritance 
rnr dogs, On the other hand, young chickens have lost, 
who1 ly by habit, that fear of the dog and cat which no 
doubt was originally instinctive in them ; for I am in- 
I’armed by Captain Hut,ton that the young c.hickens of 
the parent-stock, the Gallus bankiva, when reared in 
India under. a hen, are at first excessively wild. So it 
is with young pheasants reared in England under a hen. 
It is not that chickens have lost all fear, but fear only 
of clogs and cats, for if the hen gives the danger-chuckle, 
they will run (more especially young turkeys) from 
unc1e.r her, and conceal themselves in the surrounding 
grass or thickets; and this is evidently done for the 
instinctive purpose of allowing, ~8 we see in wild pound- 

birds, their mother to fly away. But this instinct re- 
tained by our chickens has become useless under domesti- 
cation, for the mother-hen has almost lost by disuse the 
power of fligld. 

Hence, we may conclude, that under domestication 
instincts have been acquired, and natural instincts have 
been lost, partly by habit, and partly by man selecting 
and accumulating, during successive generations,peculiar 
mental habits and actions, which at, first &ppeared from 
what we must in our ignorance call an accident. In 
some cases compulsory habit alone has sufHced to 
produce inherited mental changes ; in other cases, 
compulsory habit has dvne nothing, and all has been 
the result of selection, pursued both methodically and 
unconsciously; but in lnost cases habiij and &ection 
have probably concurrcit 
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Special Instincts. 

We shall, perhaps, best understand how instincts in 
a state of nature have become moclified by selection by 
considering a few cases. I will select only three,- 
namely, the instinct which leads the cuckoo to lay her 
eggs in other birds nests ; the slave-making instinct of 
certain- ants ; and the cell-making power of the hive- 
bee. These two latter instincts have generally and 
justly been ranked by naturalists as the most wonderful 
of all knnwn instincts. 

lizstincts of the &dcoo. --It is supposed by some 
naturalists that the more immodiate cause of the in- 
stinct of the cuckoo is, that she lays her e,qgs, not daily, 
lJllt# at ihmds of two or three days ; so that, if she Were 
ta make her own nest and sit on her own eggs, those 
first laid would have to be left for some time unincu- 
bated, or thcrc would be eggs and young birds of diKerent 
ages in the same nest. If this were the case, the process 
of laying and hatching might be inconveniently long, 
more especially as she migrates at a very early period ; 
and the first batched young would probably have to be 
fed by the male alone. But the American cuckoo is iu 
this pwcliwmmt ; for she mtkes her own nest, snd hna 
qqs and young successively hatched, all at the same 
time. It has been both asserkl and denied that the 
American cuckoo occasionally lays her egg in other 
birds’ nesti ; but I hcwe lately heard from Dr. Merrell, lpf 
Iowa, that he once found in Illinois a young cuckoo to- 
#her with a young jay in the nest of a Blue jay (Car- 
rulus cristatusj; and as both were nearly full feathered, 
there could be no mistake in ‘their identification. I could 
also give several instances of various birds which have 
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been known occasionally to lay their eggs in other birds’ 
nests. Now let us suppose that the ancient progenitor 
01 our European cuckoo hitd the habits of the American 
cuckoo, and that she occasionally laid an egg in another 
bird’s nest. If the old bird profited by this occasional 
habit through being enabled to migrate earlier or through 
any other cause; or if the young were made more 
vigorous by advantage being taken of the mistaken 
instinct of another species than when reared by their 
own mother, encumbere~d as she could hardly fail to be 
by hxxving ergs and youn, c’ of clil’ferent ages at the same . 
time; then the old birds or t,he fostered young would 
gaiu an advantage. And analogy would lead us to 
believe, that the young thus reared would be apt to 
follow by inheritance the occasional and aberrant habit 
of their mother, and in their turn would be apt to lay 
their egg,3 in other birds’ nests, and thus be more suc- 
cessful in rearing their young. Ry a continued process 
of this nature, I believe that the strange instinct of our 
cuckoo has been generated. It has, also, recently been 
ascertained on sufficient evidence, by Adolf Miiller, that. 
the cuckoo occasionally lays her eggs on the 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. 

I.t has been objected that I have not noticed other 
related instincts and adaptat,ions of structure in tho 
cuckoo, which are spoken of as necessarily co-ordiuated. 
13nt in all cases, speculation on an instinct known to us 
only in a single species, is useless, for we have hitherto 
had no facts to guide us. Until recently the instincts 
of the European and of the non-parasitic American 
cuckoo alone were known ; now, owing to Mr. Eamsay’s 
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observations, we have learnt somethiua about three 
Australian species, which lay their eggs in other birds’ 
nests. The chief points to be referred to are three: 
first, that the common cuckoo, with rare exceptions, lays 
only one egg in a nest, so that the large and voracious 

young bird receive3 ample food. Secondly, that the egg3 
are remarkably ~nall, not exceeding those of the skylark, 
-a bird about one-fourth a3 large a3 the cuckoo. That 
the small size of the egg is a real case of adaptation we 
may infer from the fact of the non-parasit,ic American 

cuckoo laying full-siaod cgp. Thirdly, that the yuung 
cuckoo, soon after birth, has the instinct, the strength, 
and a properly &sped back for ejecting its foster-brothers, 
which t.hcn p&h from cold aud hunger. This has 
been bc;ldIy called a bcneficmt mm.n,ncnzc?nt, in ardor 
that t,he young cuckoo may get sufficient, food, and that 
its foster-brothers may perish before they had acquired 
much feeling ! 

Turning now to the Australian species ; though these 
birds generally lay only one egg in a nest, it is not rare to 
find two and even three eggs in the same nest. In the 
Bronze cuc.koo the egg-3 vary greatly in size, from eight 
to ten lines in leri$li. Sow if it had been of an advi~i- 
cage to Lhis spccios to have lnId eggs cveu smaIler t11an 
those now laid, so a.3 to have deceived certain foster- 
yareutu, or, as is more probable, to have been hatched 
within a shorter period (for it is asserted that there is a 
rdation between the size of eggs and lhe period of thsir 
incubation), then there is no difliculty in believing that 
8 race or species might have bcell formed which would 
have laid smaller and smaller eggs; for these would 
have been more safely hutched and reared. Mr. Xamsay 
remarks that two of the Australian cuckoo3, when they 
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lay their eggs in an open nest, mauifest a decided pre- 
ference for nests containing eggs simiIar in colour to 
their own. The European species apparently manifests 
some tendency towards a similar instinct, but not rarely 
departs from it, as is shown by her laying her dull and 
pale-coloured eggs in the nest of the Wedge-warbler 
with bright grcmisll-blue eggs. Had our cuckoo iuvari- 

ably displayed the above instinct, it would assuredly 
llave been added to those which it is assumed must all 
have been acquired together. The eggs of the Australian 
13ronz:e cnckon vary, a.ccnrdin,s~ to Mr. Xarnszy, to an 
extraordinary degree in colour; so that in this respect, 
as 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 ago is in a most helpless condition, Mr. 
Gould was formerly inclined to believe that the act of 
c,jection was performed by the foster-pare.nts themselves. 
Rut he has now received a trustworthy account of a 
young cuckoo which w&s actually seen, whilst still blind 
sud not able even to hold up its own head, in the act of 
e,jecting its foster-brothers. One of these was replaced 
in the nest by the observer, and was again thrown out. 
With respec,t to the means by which tbia strange and 
odious instinct was acquired, if it were of great import- 
anee for the youn,n ouokoo, as ia probably the case, to 
receive as much food as possible soon after birth, I can 
pee no special difficulty in its having gradually aocyuired, 

during successive generations, the blind desire, t,he 
strength, and structure necessary for the work of ejec- 
tion ; for hhose young cuckoos which had such 1mbit.g 
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and structure best developed would be the most securely 
reared. The first step towards the acquisition of the 
proper instinct might have been mere unintentional 
restlessness on the part of the young bird, when some- 
what advanced in age and strength ; t,he habit having 
been afterwards improved, and transmitted to an earlier 
nge. I can see no more difficulty in this, than in the 
unhatched young of other birds acquiring the instinct 
tn break through their own shells ;-or than in young 
srlakes acquiring in their upper jaws, as Owen has 
remxrked, rt transitory shnrp tooth for cutting through 
the tough egg-shell. For if each part is liable to indi- 
vidual variations at all ages, and the variations tend to 
be inherited at a corresponding or earlier age,--proposi- 
tions which cannot be disputed,-tbcn the instincts and 
structure of the young could be slowly modified cu surely 
as those of the adult ; and both cases must stand or fall 
together with the whole theory of natural selection. 

Scme species of Molothrus, a widely distinct genus 
of American birds, allied to our starlings, have parasitic 
habits like those of the cuckoo ; and the species present 
an interesting gradation in the perfection of their 
insti nets. The sexes of Molot,hrns bndius aro stated 
bg it11 t3xcelhtL observer, Mr. ITuCSon, sometimes to 
liye promiscuously together in flocks, and sometimes 
to pair. They either build a IICSL uf their own, or seize 
on one belonging to some other bird, occasionally throw- 
ing out the nestlings of the stranger. They either lay 
their eggs in tho nest t,hus appropriated, or oddly enough 
Imild one for t,hemselves 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 occasion- 
ally parasitic, for he has seen the young of this species 
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following old birds of a distinct kind and clamourinS to 
be fed by them. The parasitic habits of another species 
of Molothrus, the ill. bonariensis, are much more highly 
developed than t,hoae of the last, but are still far from 
perfect. This bird, as far as it is known, invariably lays 
its eggs in the nests of strangers ; but it is remarkable 
that several together sometimes commence to build an 
irmgular untidy nest of their own, placed in singularly 
ill-adapted situat.ions, as on the leaves of a large thistle. 
They never, however, as far as Mr. Hudson has ascer- 
tained, complete a ~cst fuur ~l~err~salves. The,y ofccn lay 
so many eggs-from fifteen to twenty-in the same 
foster-nest, that few or none can possibly be hatched, 
They have, moreover, the estraordinary habit of pecking 
holes in the eggs, whether of their own species or of their 
foster-parents, which t,hey 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, Ilas acquired instincts as perfect SF, 
those of the cuckoo, for it never lays more than one egg 
in a Eostei-nest, so that the young bird is securely reared, 
Mr. IIudscn is a strong disbeliever in evolution, but he 
appears to have been so much struck by the imperfect 
instincts of the Molothrus bonariensis that he quotes 
my words, and asks, “Must we consider these habits, 
not as especially endowed or create.cl instincts, but 
as small consequences of one general law, namely, 
transition ? ” 

Various birds, as has already been remarked, occasion- 
ally lay Lheir eggs in the nests of other birds. This 
habit is not very uncommon with the. Gallinaces, and 
throws some light on the singular instinct of the ostrich. 
In this family several hen-birds unite and lay first a 
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few eggs in one nest and then in another; and these 
are hatched by the males. This inst,inct may probably 
be accounted for by the fact of the hens laying a large 
number of eggs, but, as with the cuckoo, at intervals 
of two or three days. The instinct, however, of the 
American ostrich, as in the case of t,he Molothrus bona- 
riensis, has not as yet been perfected; for a surprising 
number of eggs lie strewed over the plains, so that in 
one day’s hunting I picked up no less than twenty lost 
and wasted eggs. 

Many bees itre parasitic, and regularly lay their eggs 
in the nests of other kinds of bees. This case is more 
remarkable than that of the cuckoo; for these bees have 
not only had their instincts but their structure modified 
in nccnrdnnce wit.h their pa.r:1sit,ic l~~hits ; for t,hc.y do 

not possess tile pollen-collecting apparatus which would 
have been indispensable if they had stored up food for 
their own young. Some species of Sphegidze (wasp-like 
insects) are likewise parasitic; and M. Fabre has lately 
shown good reason for believing that, although the 
T:a,chyt.es nigra generally makes its own burrow and 
stores it with pnralysed prey for its own larva+ yet that, 
when this insect finds a burrow already made and stored 
by another sphex, it takes advantage of the prize, and 
becomes for the occasion parasitic. In this case, as with 
that of the Nolothrus or cuckoo, I can see no difficulty 
in natural selection making an occasional habit perma- 
nent, ie of advantage to L11e species, ancl if Lhe insect 
whose nest and stored food are feloniously appropriated, 
be nut thus exterminated. 

s/ace-making instinct.-This remarkable instinct waa 
first discovered in the Formica (Polyerges) rufescens by 
Pierre Huber, a better observer even than his celebrated 
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father. This ant is absolutely dependent on itu slaves ; 
without their’aid, the species would certainly become 
extimt in a single year. The males and fertile females 
do no work of any kind, and the workers or sterile 
females, though most energetic and courageous in 
capturing slaves, do no other work They are inca- 
pable of making their own nests, or of feeding their 
own larvae. When the old nest is found inconvenient, 
and t,hey have to migrat,e, it is the slaves which deter- 
mine the migration, and actually carry their masters in 
their jawa. So utterly helpless are the ma&em, thrtt 
when Huber shut up thirty of them without a 
slave, but with plenty of the food which th.ey like 
best, and with their own larvae and pupae to stimu- 
late them to wwkr they clid nothing ; they conl~l nnt 
even feed themselves, and many perished of hunger. 
Huber t.hen introduced a single slave (F. fusea), and she 
instantly set to work, fed and saved the survivors; 
made some cc& and tended the larva, and put all to 
righis. What can be more extraordinary than these 
well-ascertained facts? If we had not known of any 
other slave-making ant, it would have been hopeless 
to speculate how so wonderful an instinct could have 
been perfected. 

Another species, Formica sanguinea, was likewise first 
Cxovered by J’. Huber to be a slave-making ant. ‘I’his 
species is found in the southern parts of England, and 
its habits have been attended to by Mr. F. Smith, of 
the British Museum, to whom I am much indebted for 
infUrrrlaliun 0~ this slnd other sul?jectu. Al LllU ll,uh rull?’ 
trusting to the statements of Huber and Mr. Smith, I 
tried to approach t,he subject in a sceptical frame of 
mind, as any One may well be excused for doubting tha 
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existence of so (extraordinary an instinct as that of making 
slaves. Hence, I will give the observations which I 
made in some little detail. I opened fourteen nests of 
F. sanguinea, and found a few slaves in all. Males and 
fertile females of the slave species (F. fueca) are found 
only in their own proper communities, and have never 
been observed in t,he nests of 4’. sanguinea. The slaves 
are black and not above half t,he size of their red masters, 
so that the contrast in their appearance is great. When 
the nest is slightly disturbed, the slaves occasionally 
e~rne out, and like their masters art: much agitated and 
defend the nest : when the nest is much disturbed, and 
the lurvs and pupas are exposed, the slaves work ener- 
getically together with their masters in carrying them 
aWay to R plum of’ dety. Hence, it is dear, that the 

slaves feel quite at, home. During the months of June 
and July, on three successive years,1 watc.hcd for many 
hours several nests in Surrey and Sussex, and never saw 
a slave either leave or enter a nest. As, during thesa 
months, the slaves are very few in number, I thought 
that they might behave differently when more numerous; 
but Mr. Smith informs me that he has watched the nests 
at various hours during May, June, and August, both 
in Surrey and Hampshire, and has never seen t,he slaves, 
t#hough present in large numbers in August, either leave 
or enter the nest. I-ience he considers them as strictly 
household slaves. The masters, on the other hand, may 
be oonstantly seen bringing in materials for the nest, 
and food of all kinds. During the year 1860, however, 
in the month wf July, I came across a community with an 
unusually large stock of slaves, and I observed a few 
slaves mingled with their masters leaving the nest, and 
marching along the same road to a tall Scotch-fir-tree, 
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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 nest, and they alone open and 
close the doors in the morning and evening ; and, as 
Huber expressly states, their principal office is to sea.rcb 
for aphides. This direrence in the usual habits of the 
masters and slaves in the two countries, probably depends 
merely on the slaves being captured in greater numbers 
in Switzerland than in England. 

One. day I fortunately witnessed a migration of F. 
sanggunea from one nest to another, and it was a most 
interesting spectacle to behold the masters carefully 
cmrying t,hir slaves in their jaws instead nf being 

carried by them, as in the case of F. rufescens. Another 
day my attention was struck by about a score of the 
slave-makers haunting the same spot, and evidently not 
in search of food ; they approached and were vigoronsly 
repulsed by an independent community of the slave- 
species (F. fusca); sometimes as many as three of these 
ants clinging to the legs of the slave-making F. sanguinea. 
The latter ruthlessly killed their small opponents, and 
carried their dead bodies as food to their nest, twenty- 
nine yards distant; but they mere prevented from 
g2ttiq any pupa2 to rear as slaves. I then dug up a 
small parcel of the pup% of F. t’usca from another nest, 
and put them down on a bare spot near the place of 
combat ; they were eagerly seized and carried off by the 
tyrants, who perhaps fancied that, after all, they had 
been victorious in their late combat. 

At the same time I laid on the same place a small 
parcel of the pupae of another species, F. flava, with a 
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few of these litt,le yellow ants still clin,$ng to the 
fragments of their nest. This species is sometimes, 
though rarely, made into slaves, as has been described 
by Mr. Smith. Although so small a species, it is very 
courageous, and I have seen it ferociously attack other 
ants. In one instance I found to my surprise an inde- 
pendent community of F. flava under a stone beneath 
a nest of the slave-making F. sax@nca ; and when I 
had accidentally disturbed both nesB, the little ants 
attacked their big neighbours with surprising courage. 
Xow I w-as curious Lu ascertain whether I?. sanpinea 
could dist,inguish the pup” of F. fusca, which they 
habitually make into slaves, from those of the little 
and fUYiOUs F. flava, which they rarely capt.ure, and it 
was3 evident that they did cLt once distinguish them j 
for we have seen that they eagerly and instantly seized 
the pup= of F. fusca, whereas they were much terrified 
when they came across the pupz, or even the earth from 
the nest, of F. Aava, and quickly ran away; hut in 
about squarter of an hour, shortly after all the little 
yellow ants had crawled away, t,hey took heart and 
carried off the pupa5 

One evening I visited another community of F. 
sangujuea, nricl found a number of these ants returning 
home and entering their nests, carrying the de&d bodies 
of I?. fusca (showing that it’ was not a migration) and 
numerous pup. I traced a long file of ante burthened 
with booty, for about forty yards back, to a very thick 
clump of heath- whence I saw the last individual of I?. 
sunghua IXIIW~~, 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 
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agitation, and one was perched motionless with its own 
pupa in its mouth on the top of a spray of heath, an 
image of despair over its ravaged home. 

Such are the facts, though they did not need confir- 
mation by me, in regard to the wonderful instinct of 
making slaves. Let it be observed what a contrast the 
instinctive habits of F. sanguinea present with those of 
the continental F. rufescens. ‘Ihe latter does not build 
its own nest, does not determine its own migrations, does 
not collect food for itself or its young, and cannot even 
feed it&f: it is absolutely &pen&nt on its numerous 
slaves. Formica sanguinea, on the other hand, pos- 
sesscs much fewer slaves, and in t,he early part of the 
summer extremely few : the masters determine when 
and where a new nest shrill be formod, and when they 
migrate, the masters carry the slaves. Both in Switzer- 
land and EngIand the slaves seem to have the exclusive 
care of the larva, a.nd the masters alone go on slave- 
making expeditions. In Switzerland the slaves and 
masters work togother, nmking and bringing matcrials 
for the nest; both, but chiefly the slaves, tend, and milk, 

as it may be called, their aphides ; and thus both collect 
food for the community. In England the masters alone 
usually leave the nest to collect building materials and 
food for t,ltemselves, their slaves and larva. So that the 
masters in this country receive much less service from 
their slaves than t,hey do in Switzerland. 

By what steps t,lie instinct of h’. sanguinea originated 
I: will not pretend to conjecture. But as ants which 
tire rlot slave-makers will, as I have seen, carry oE the 
pupm of other species, if scattered near their nests, it is 
possible that such pupae originally stored as food might 
become developed ; and the foreign ants thus uninten. 
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tionally reared would then follow their proper instincts, 
and do what work they c,ould. If their presence proved 
useful to the species which had seized them-if it were 
more advantageous to this species to capture workers 
than to procreate them-the habit of collecting pup=, 
originally for food, might hy natural selection be 
strengthened and rendered permanent for the very 
direrent purpose of raising slaves. When the instinct 
was once acquired, if carried out 40 a much less extent 
even than in our British F. sanguinea, which, as we 
have aeon, is less nidcd by its slnvos than the same 
species in Switzerland, natural selection might increase 
and modify the instinct-always supposing each modifi- 
cation to bo of use to the species-until an ant was 
formed as abject,ly depeudent on its slaves a.~ is the 
Formica rufescens. 

G%&nmking instinct of tkc Hice-.&x.--I will not here 
enter on minute details on this subject, but will merely 
give an outliue of the conclusions at which I have arrived. 
llc must be a dull man who can examine the exquisite 
struoture of a comb, so beautifully adapted to its end, 
without enthusiastic admiration. We hear from matlie- 
maticians that bees have practically solved a recondite 
pobkm, and have made then cells of the proper shape 
to hold the greatest possible amount of honey, with the 
least possible consumption of precious wax in their con- 
struction. It has been remarked that a skilful work- 
nmtll with fitting to& and measures, would find it very 
difficult to make cells of wax of the true form, though 
this ia cffcetcd by a orowd of bees 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 
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are correctly made. But the ditticulty is not nearly so 
great as it at first appears : all this beautiful work 
can be sl~uwn, I think, to follow from a few simple 
instincts. 

I: was led to investigate this subject by Mr. Water- 
house, who has shown that the form of the cell stands in 
close relation to the prcscnoc 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 does 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 
wax, and likewise making separate and very irregular 
rounded cells of wax. At the other end of the series we 
have the cells of the hive-bee, placed in a double layer : 
each cell, as is well known, is an hexagonal prism, with 
the basal edges of its six aides bevelled so as to join an 
inverted pyramid, of three rhombs. These rhombs have 
certain angles, and the three which form the pyramidal 
base of a single cell on one side of the comb enter into 
the uumyosition of the bases of three adjoining cells on 
the opposite side. In the series between the extreme per- 
fection of the cdls of the hive-bee and the simplicity of 
those of the humble-bee we have the cells of the Mexican 
Xoliponrt domestictt, oarcfully described and figured by 
Pierre Huber. The Melipona itself is intermediate 
in st,ructnre between the hive and humble bco, but 
more nearly related to the latter; it forms a nearly 
re,g-&r waxen ccmh nf cylindrical cells, in which the 
young are hatched, and, in addition, some large cells of 
wax for holding honey. These lnl,ter cells are nearly 
siherical and of nearly equal sizes, and are aggregated 

a4 
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into an irregular mass. But the important point to 
notice is, that these cells are always made at that. degree 
of nearness to each other t,hat they would have inter- 
sected or broken into each other if the spheres had been 
compl&ed; but this is never permitted, the bees buildi :: 
perfectly flat walls of wax between the spheres which 
thus tend to iuLerseot. Hence, each cell consists of an 
outer spherical portion, and of two, three, or more flat 
surfaces, according as the cel1 adjoins two, three, or 
more other cells. VIThen one cell rests on three other 
cells, which, from the sphcrcs being nearly of the same 
size, is very fiquently and necessarily the case, the three 
flat surfaces tire united into a pyramid ; and this pyramid, 
as Huber has remarked, is manifestly a gross imitation 
of the three-sided pyramidal base nf t,he cell of the hive- 
bee. As in the ~11s of tho hive-bee, so here, the three 
plane surfaces in any one cell necessarily enter into 
the construction of three adjoining cells. It is obvious 
that the Melipona saves wax, and what is more important, 
labour, by this manner of building ; for the flat walls 
between the adjoining cells are not double, but are of the 
same thickness as the outer spherical portions, and yet 
each flat portion forms a part, of two cells. 

Reflecting on this case, it occurred to me that if the 
Melipona had made its spheres at some given distaslce 
from each other, and had made them of equal sizea and 
had arranged them symmetrically in a double layer, 
the readting strwturt: wonKi have been as perfect as 
t,he comb of the hive-bee. -4ccordingly I wrote to Pro- 
fcssor Miller of Cambridge, and I& geumeter has 
kindly read over the following stat,ement, drawn up 
from his information, %nd tells me that it is strictly 
correct :- 
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If a number of equal spheres be described with their 
cent,res placed in t,wo parallel layers ; wit.h the centre 
of each sphere at the distance of radius x 2/ 2, or 
radius x 141421 (or at some lesser distance), from the 
ct:ntres of the six surrounding spheres in the samtr 
layer ; and at the same distance from the centres of the 
adjoining aplreres in the other and parallel layer; then, 
if planes of intersection between the several spheres in 
both layers be formed, there will result a double layer 
of hexagonal prisms united together by pyramidal bases 
formed of three rhombs ; and the rhombs and the side:, 

of t,he hexagonal prisms wiIl have every angle identi- 
cally the same with the best measurements which have 
been made of the cells of the hive-bee. But I hear 
from Prof. Wyman, who has made nnmorous careful 
measurements, that the accuracy of the workmanship 
of the bee has been great,ly exaggerated; so much so, 
that whatever the typical form of tho celI may be, it is 
rarely, if ever, real&d. 

IIence we may safely conclude that, if we couhl 
slightly modify the instincts already possessed by thu 
hlelipona, and in themselves not very wonderful, this bee 
would make a structure as wonderfully perfect as that 
of the hive-bee. We must suppose the Melipona to 
have the power of forming her cells truly spherical, and 
of erpl sizes ; and this would not be very surprising, 
sec.ing tllat she xIready does SO to a certain extent, and 
ac&lg ~11al px~t%L~~ c;yli~l&iual burrows many insects 
make in wood, apparently by turning round on a fixer] 
point. WC must suppose the Melipoua to arrange her 
cells in le\.el layers, as she already does her cylindricai 
cells ; and we must further suppose, and this is the 
greatest difficulty, that she can somehow judge accurately 



346 SPECIAL IIGTINCTS. [CEAP. VJTI 

at what distance to stand from her fellow-labourers when 
several are making their spheres; but she is already 
so far enabled to judge of distance, that she always d+ 
scribes her spheres so as to intersect to a certain extc?nt ; 
and then she unites the points of intersection by per- 
fectly flat surfaces. By such modifications of instincts 
which in themselves are not very wonderful,-hardly 
more wonderful than t,hose which guide a bird to make 
its nest,-1 believe that the hive-bee has acquired, 
through natural selection, her inimitable architectural 
powvors. 

But this theory can be tested by experiment. Follow- 
ing the example of Mr. Tegetmeier, I separated two combs, 
a.ntl put bctweeu them a Ion,, cr thick, rect:tqdar strip of 
wax : t]le Lees instandy hfqan to cscnvnte mirluta 

circular pits in it ; and as they decpcncd these little 
pits, they made them wider and wider until they were 
converted into shallow basins, appearing to t,he eye per- 
fectly true or parts of a sphere, and of about the diameter 
of a cell. It was most interesting to observe that, wherever 
several baes. had begun to excavate these bakns near 
together, they llad begun their work at such a distance 
from eaclt ot;her, that by t,lle time the basins had acqaired 
the above-stated mlcit;h (LE. about the width of an 
ordinary cell), and mere in depl;h about one sixth of tI10 
diameter of the sphere of which they formed a part, tile 
rims of the basins intersected or broke into each other, 
As .SOOL~ its this occurretl, Lhe bees ceaSed to excavate, 
aud began to build up flat walls of wax on the lines of 
intcrgection between the basins, so that’ each llaxagonal 
prism was built upon the scalloped edge of a smooth 
basin, instoad of on the straight edges of a thr@-sided 
pyramid as in the c;2se of &inary cells. 
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I then put into the hive, instead of a thick, rectangular 
piece of wax, a thin and narrow, knife-edged ridge, 
coloured with vermilion. The bees instantly began on 
both sides to excavate little basins near to each other, in 
the same way as before ; but the ridge of wax was so 
t.hin, that, the bottoms of the basins, if they had been 
excavated to the same depth as in the l%urmer eqyari- 
ment. would have broken into each other from the 
opposite sides. The bees, however, did not su&r this to 
happen, and they stolqjed their excavations in due time ; 
so that the basins, as soon as they hntl been a little 
deepened, came to ha%-e fiat bases; and these flat bases, 
formed by thin little plates of the vermilion wax left 
ungnawed, were situated, as far as the eye could judge, 
exactly along the planes of imaginary intersection 
between the basins on the opposite sides of the ridge of 
wax. In some parts, only small portions, in other parts, 
large portions of a rhombic plate were thus left between 
the opposed basius, but t,he Jvork, from the unnatural 
state of things, had not been neatly performed, The 
bees must have worked at very nearly the same rate in 
circularly gnawing away and deepening the basins on 
both sides of the ridge of vermilion wax, in order to 
have thus succeeded in leaving fiat plates between the 
basins, by stopping work at the planes of intersection. 

Considering ~KW flexible thin wax is, I rlo not see that 
there is any difficulty in the bees, whilst at nod on the 
two sides of a stxiF of wax, perceiving wh~u whey have 
gnawed the wax av:ay to the proper thinness, and then 
stopljtig their work. In ordinary combs it has appeared 
to me that the bees do not always succeed in working at 
exactly the same rate from the opposite sides ; for I have 
noticed half-completed rhombs at the base of a just 
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-commenced cell, which were slightly concave on one 
side, mhere I suppose that the bees had excavated too 
quickly, and convex on the opposed side where the bees 
had worked less quickly. In one well marked instance, 
I put the comb back into the hive, and allowed the bees 
to go on working for a short time, and again examined 
tllc cell, awl I funnel that the rhombic plate haA been 
completed, and had become per$ctly $at : it was ahso- 
lntely impossible, from the extreme thinness of the little 
plate, that they could have effected this by gnawing 
uwvay the convex aide; and I suspect that the bees in 
snch cases stand on opposite sides and push and bend 
tile ductile and warm wax (which as I have tried is 
cGly done) into its proper intermediate plane, and thus 
ilatten it. 

From the oxpcriment of the ridge of vermilion wax 
we can see that, if the bees were to build for t,hemselves 
a thin wall of wax, they could make their cells of 
the proper shape, by standing at the proper distance 
Srom each other, by excavating at the same rate, and by 
endeavouring to make equal spherical hollows, but never 
aliowing the spheres to break into each other. Now 
bees, as may be clearly seen by examining the edgo of 
n growing comb, do make a rough, circumferential wall 
or rim all round the comb ; and they gnaw this away 
KIWI the opposite sides, always working circularly as 
illej* deepen each cell. Thy do not make the whole 
three-sided pyramidal base 0F any une cell at the sams 
time, but. only that one rhombic plate which stands on 
the extreme growing margin, 01: the two plates, as the 
case may be ; and they never complete the upper edges 
of the rhombic plates, until the hexagonal walls are 
commenced. Some of these statements differ from 
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those made by the justly celebrated elder Huber, but 
I am convinced of their accuracy; and if I had 
space, I could show that they are conformable with 
my theory. 

Huber’s statement, that the very first cell is excavated 
out of t little parallel-sided wall of wax, is not, as far as I 
have scqstrictly 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 excava- 
tion plays in the const,ruction of the cells ; but it would 
be a great e~rur tu au~~pose that the bees cannot build 
‘up a rough wall of wax in the proper position-t,hat is, 
along the plane of intersection between two adjoining 
spheres. I have several specimens showing clearly that 
they ccu do this. Even in tho rude oircumferenti;tl Am 
or wall of wax round a growing comb, ffexurcs may 
sometimes be observed, corresponding in position to the 
planes of the rhombic basal plates of future cells. But 
the rough wall of wax has in every ca.9~ to be finished 
off, by being largely gnawed away on both sides, The 
manner in which the bees build is curious ; they alwnys 
make the first rough wall from ten to twenty times thicker 
than the excessively thin finished wall of the cell, which 
will ultimately be left. We shall understand how they 
Tv(jrk, by supposing masons first to pile up a broth ridge 
of cement, and t,hen to begin cutt.ing it away equally 
on both sides near the ground, till a smooth, very thin 
wall is left in the middle ; the masons always piling up 
the cut-away cement, and adding fresh cement on the 
summit of the ridge. We shall thus have a thin wall 
steadily growing upward but always crowned by a 
gigantic coping. From all the cells, both those just 
commenced and t,hose completed, being &us crowned 
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by a strong coping of wax, the bees can cluster and 
crawl over the comb without injuring the delicate hexa- 
gonal walls. These walls, as Professor Miller has kindly 
ascertnincd for me, vary greatly in thickness ; being, on 
an average of twelve measurements made near the border 
of the comb, -& of an inch in thickness ; whereas the 
bssal rhomboidal plates are thicker, nearly in the pro- 
portion of three to two, having a mean thickness, from 
twenty-one measurements, of ‘2b of an inch. By the 
above singular manner of building, strength is con- 
tinually given to the comb, with the ulumst ultimate 
economy of ‘cvdx. 

It stems at first to add to the dilliculty of understand- 
ing how the c.ells are made, th;lt a multitude of bees all 
\vork togother; one IWO <after working n short time at 
one cell going to another, so that, as Huber lrlts stated, 
a score of individuals work even at the commencement 
of the f&t cell. I was able practically to show this 
fact, by covering the edges of the hexagonal walls of a 
single cell, or the extreme margin of the circumferential 
rim of a growing comb, with an extremely thin layer of 
melted vermilion wax ; and I invariably found that the 
colour was most delicately difYused by the bees-as 
dclicatcly as a painler could have done it with his brush 
--by ntoms of the coloured wax having been taken from 
the spot on which it had been plnc,ed, and worked into 
the growing edges of the ~11s all round. The work of 
construction soems to be a sort of balance struck between 
many bees, all instinctively standing at t,he same relative 
distance from each other, all Lryiug to sweep equal 
splteres, and then building up, or leaving ungnawed, 
the planes of intersection between these spheres. It was 
really curious to note in casesof difficulty, as when two 
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pieces of comb met at an angle, how often the bees would 
pull down and rebuild in different ways the same cell, 
sometimes recurring to a shape which they had at first 
rejected. 

When bees have a place on which they can stand in 
their proper positions for working-for instance, on a 
slip of wood, placed directly under the middle of a comb 
growing downwards, so that the comb has to be built over 
one face of the slip-in this case the bees can lay the 
foundations of one wall of a new hexagon, in its strictly 
propor place, projecting beyond the other oomplctcd cells. 
It s&ices 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 a wall inter- 
mediate between two adjoining spheres; but, as far <as 
I have seen, they never gnaw away and finish off the 
angles of a ceI1 till a large part both of that cell and of the 
actjoining cells has been built. Th% capacity in bees 
of laying down under certain circumstances a rough 
wall in its proper place between t’wo just-commenced 
cells, is important, as it bears on a fact, which seems at 
first subversive of the foregoing theory ; namely, that 
the cells on the extreme margin of wasp-combs are some- 
times strictly hexagonal ; but I have not space here to 
enter on Uris subject. Nor does there seem to me any 
great difficulty in a single insect (as in the case of a 
queen-wasp) making hxagwd aells, if YIIC. were to work 
alternately on the inside and outside of two or three 
cells commenced at the same time, always stadi~qg at 
the proper relative distance from the parts of the cells 
just begun, sweeping spheres or cylinders, and hd&ng 
up intermediate planes. 
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As natural selection acts only by the accumulation 
af slight modifications of structure or instinct, each 
profitable to the individual under its conditions cf life, 
it may reasonably be asked, how a long and graduated 
succession of modified architectural instincts, all tending 
towards the present perfect plan of construction, could 
Iruve profited the progenitors of the hive-bee? I think 
the answer is not difficult : cells constructed like those of 
the bee or the wasp gain in strength, and save much in 
labour and space, and in the materials of which they are 
constn~otcd. With respect to 61~ formation of wax, it 
is known that bees are often hard pressed to get snffi- 
cie.nt nectar, and I am informed by Mr. Tegetmcier t,hat 
it has been csperimontally proved t,hnt from twelve to 
fifteen pounds of dry sugar are consumed by a hive of bees 
for the secretion of a pound of wax ; so that a prodigious 
riuantity of fluid nectar must be collected and consumed 
by the bees in a hive for the secretion of the wax 
necessary for the construction of their cornha. Mcre- 
over, many bees have to remain idle for many days 
during the process of secretion. A large store of honey is 
indispensable to snpport a la.rge stock of bees during 
the winter; and the security of the hive is known mainly 
t.0 depend on a lnl;ge nurnller of bees being sa~3poi~tec-I. 
Hcrtce the saving of wax by laragely saving honey and 
the time consumed in collec,ting tbo honey must be an 
impolrant clement of succcss to any family of bees. Of 
course the success of the species may be dependent on 
the number of its enemies, or parasites, or on quite 
distinct causes, ancl so be altogether independent of the 
quantity of honey which the bees can collect, But let 
us suppose that this latter c.ircumstance determined, s3 
it probably often has determined, whether a bee allied 



CHAP. VIII.! CELL-1tAliISG INSTINCT. 353 

to our humble-bees could exist in large numbers in any 
country; and let us further suppose that the community 
lived through the wint,er, and consequently required a 
store of honey : there can in this case be no doubt that. 
it would be an advantage to our imaginary humble-bee 
if a slight modification in her instincts led her to make 
her waxen cells near together, so as to intersect a little ; 
for a wall in common even to two adjoining cells would 
save some little labour and max. Hence it would con- 
tinua.lly be more and more advantageous to our humble- 
1~3~3, if they w-erc to n&e their cell8 more and more 
regular, nearer together, and aggregated into a mass, like 
the cells of the Melipona ; for in this case a large part 
of the bounding surface of each cell would serve to bound 
the adjoining cells, end much labour and wax would be 
saved. Again, from the same cause, it would be advan- 
tageous to the Uelipona, if she were to make her cells 
closer together, and more re.gular in e>-ery way than at 
present ; for then, as we have seen, the spherical surfaces 
would wholly disappear and be replaced by plane sur- 
faces ; and the Melipona would make a’cemb as perfect 
:IS that of the hive-bee. Beyond this stage of perfection 
in architecture, natural selection could not lead ; for the 
comb of the hive-bee, as far as we can see, is absolutely 
perfi:;t in economising labour and wax. 

Thus, as 1 believe, the most wonderful of all knowi) 
iustincts, tllat of the hive-bee, can be explaiueL I.,! 
natural selection having taken advantage of numerous, 
successi\~e, slight modifications of simpler instincts ; 
natural selection having, by slow degrees, more antI 
more perfectly led the bees to sweep equal spheres at a 
given distance from each other in a double layer, and to 
build up and escnvate the wax along the planes of inter. 
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section ; the bees, of course, no more knowing that they 
swept their spheres at one particular distance from each 
other, than they know what are the several angles of the 
hexagonal prisms and of the basal rhombic plates; the 
motive power of the process of natural selection having 
been the construction of cells of due strength and of 
t,br: proper size and shape for the larva?, this being 
effected with the greatest possible economy of labour 
and wax; that individual swarm which thus made the 
best cells with least labour, and least waste of honey 
in the sccrction of wax, having succeeded best, and 
having transmitted their newly-acquired economical 
instincts to new swa.rms, which in their turn will 
have had the best chance of succeeding in the struggle 
for exi5itcnc.a. 

to lizstincts : Neuter and StviLa Insects. 

It has been objected to the foregoing view of the origin 
of instincts that “the variations of structure and of in- 
stinct must have been simultaneous and accurately 
adjusted to each other, as a modification in the one 
without an immediate corresponding change in the other 
would have been fatal.” The force of this objection 
rests entirely on the assumption that the changes in the 
instincts and structure are abrupt. To take as an illus- 
tration the case of the larger titmouse (Parus major) 
alluded to in a previous chapter; this bird oft,en holds 
the seeds of the yew between its feet on a branch, and 
hammers with its bed till it gets aL Lhe kerne.1. NOW 

what special difficulty would there be in natural selec- 
tion preserving all the slight individual variations in 
the shape of the beak, which were better and better 



CRAP. VIII.] OF NATURAL SELECTION. 355 

adapted to break open the seeds, until a beak was formed, 
as well constructed for this purpose as that of the nut- 
batch, at the same time that habit, or compulsion, or 
spontaneous variations of taste, led the bird to become 
more and more of a seed-eater 1 In t,his case the beak 
is supposed to be slowly modified by natural selection, 
subsequently to, but in accordance with, slowly cha;nging 
habits or taste ; but let the feet of the titmouse vary and 
grow larger from correlation with the beak, or from any 
other unknown cause, and it is not improbable that 
such larger feet modd lend the bird to climb more and 
more until it acquired the remarkable climbing instinct 
and power of the nuthatch. In this case a gradual 
change of structure is supposed to lead to changed in- 
stinctive habits. To take one more case : few insbincts 
are more remarkable than that which leads the swift of 
the Eastern Islands to make its nest wholly of inspissaterl 
saliva. Some birds build their nests of mud, believed 
to be moistened with saliva; and one of the swifts of 
North America makes its nest (as I have seen) of sticks 
sglutinated with saliva, and even with flakes of this 
substance. Is it then very improbable that the natural 
selection of individual swifts, which secreted more and 
more saliva, should at last produce a species with in- 
stincts leading it to neglect other materials, and to make 
its nest exclusively of inspissatd saliva ‘3 Ad su in 
other case8. It must, however, be admitted that in 
JII~L~~ iuslames we cannot conjecture whether it wag 
instinct or structure which first varied. 

No doubt many instinots of very difficult explanation 
could be opposed to the theory of natural selection- 
cases, in which we cannot see how an instinct could 
have originated ; cases, in which XIO intcmlcdin~e grada- 
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Lions are k-nown to exist; cases of instincts of such 

trifling importance, that, they could hardly have been 
iacl;Lcd or3 by natural selection ; cases of instincts almost 
identically the same in animals so remote in the scale of 
nature, that we cannot account for their similarity by 
i.nheritance from a common progenitor, and consequently 
must boIicvo that they were independently acquired 
through natural selection. I will not here enter on these 
several cases, but will confine myself to one special 
clifficulty, which at first appeared to me insuperable, 
and actually fatal txl the whnle theory. I allude to the 
neuters or sterile females in insect-oommunit~ies; for 
these neuters often dilI’er widely in instinct and in 
structure from both the ma.les and fertile females, and 
vet, from being sterile, they cannot propagate their 
kind. 

The subject we.11 deserves to be discussed at great 
length, bnt I will here take only a single case, that of 
working or sterile ants. How the workers have been 
rendered sterile is a difliculty ; but not much greater 
than that of any other striking modification of structure ; 
for it can be shown that some insects and other articulnto 
animals in a state of nature occasionally become sterile ; 
and if such insects had been social, xnd it had been pro- 
flt,able to the commumity that a number should have 
been annually born capable of work, but incapable of 
procreation, I can see no especial difficulty in this having 
Ibeen effected through natural selection. But I must 
p&SS OWP this preliminary difficulty. The great diffi- 
(:ulty lie;c in the working ants differing widely from 
both the males and the fertile females in structure, as 
in the shape of the thorax, and in being destitute of 
wings and sometimes of eyes, and in instinct. As far 
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as instinct alone is cckcerned, the wonderful difference 
in this respect between the workers and the perfect 
females, would have been better exemplified by the hive- 
bee. If a working ant or other neuter insect had been 
an ordinary animal, I should have unhesitatingly as- 
sumed that all its characters had been slowly acquired 
through natural selection; namely, by iudividuals having 
been born with slight profitable modifications, which 
were inherited by the &spring ; and that these again 
varied and again were selected, aud so onwards. Ihlt 
with the mod&g ant we have an insect differing greatly 
from its parents, yet absolutely sterile ; so that it could 
never have transmitted successively acquired modifica- 
tions of structure or instinct to its progeny. It may 
well be asked how is it possible to reconcile this case 
with the theory of nat#ural selection ? 

First, let it be remembered that we have innumerable 
instances, both 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 difierences correlated not 
only with one sex, but with t,hat short period when the 
reproductive system is active, as in the nuptial plumage 
of manybirds,ancl in the hooked jaws of the male salmon. 
We have even slight, differences in the horns of different 
b~roe& uf uilltle ih relation to an artificially imperfect 
state of the male sex ; for oxen of certain breeds have 
longer horns t&n the oxen of other b~:eeds, r&atively to 
the length of the horns in both the bulls and cows of 
thase same breeds. Hence I can see no great dificulty 
in any character becoming correlated with the sterile 
condit,ion of certain members of insect-communities : 
the difficulty lies in understanding how such correlated 



358 OEUECTIONB TO THE THEORY [CRAP. VIII. 

modifications of structure could have been slowly accu- 
mulated by natural selection. 

This difliculty, though appearing insuperable, is 
lessened, or, as I believe, disappears, when it is remem- 
bered that selection may be applied to the family, as 
well as to the individual, and may thus gain the desired 
end. Breeders of cattle wish tha ffeuh ~cl J%, LO be 
well marbled together: an animal thus characterised 
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 cattle, always yielding oxen with extraordinarily 
long horns, could, it is probable, be formed by care- 
fully 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 better and real illustration : according to M. Verlot, 
some varieties of the double annual Stock from having 
been long and carefully selected to the right degree, 
always produce a large proportion of seedlings bearing 
double and quite sterile flowers ; but they likewise yield 
some single and fertile plants. These latter, by which 
alone the variety can be propagated, may be compared 
with the fertile male and female ants, and the double 
sterile plants with the neuters of the same commur1it.y. 
As with the varieties of the stock, so with social 
insects, selection has been applied to the family, and 
nQt to the indivi+zal, for the sake of gaining a service- 
able end. Hence we may conclude that slight modi- 
fications of structure or of instinct, correlated with 
the sterile condition of certain members of the com- 
munity, have proved advantageous : consequently the 
fertile males and females have flourished, and trans- 
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mitted to their fertile offspriq a tendency to produce 
sterile lnemlrlars with the same modifications. ‘L%is 
process must have been repeated many times, until 
that prodigious amount of dXerence between the fertile 
nud sterile females of the same species has been pro- 
d aced, p7hich we see in many so&l iusecte. 

Gut we have not aa yet touched on the acme of the 
diificnlty ; namely, the fact that the neuters of several 
ants difrer, not, only from the fertile females and males, 
hut from each ot,hcr, sometimes t,o an almost incredible 
degree, and are thus divided into two or even thee 
castes. The castes, moreover, do not commonly graduate 
into each other, but are Ferfeetly well defined ; being 
as distinct from each other AS are any two species of 
the samt: gm~s, or rather as any two genera of the 
same family. ‘I’hus in Eciton, there are working and 
soldier neuters, with jaws and instincts extraordinarily 
diKerent : in Cryptocerus, the workers of one caste alone 
carry a wonderful sort uf shield on their heads, the rise 
of which is quite unknown: in the Mexican Myrmeco- 
cyst,na, tho workers of one caste Ilever leave the nest; 
they arc fed by the workers of another caste, and they 
llave an enormnusly developed abdomen w&h secretes 
a sort of honey, supplying the place of that excreted by 
the aphides, or the dornc4c c.nttle as they may be called, 
which our Europeau ants guard and imprison. 

It mill indeed be thought that T have an overweening 
ccnlidence in the principle of natural selection, when I 
do not admit that such wonderful and well-established 
i’ncts at once annihilate the theory. In the simpler case 
of neuter insects all of one caste, which, as I believe, 
have becn rendered different from the fertile males and 
females through n:Wral selection, we. mcly con&de 

25 
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from the analogy of ordinary variations, that the succtx- 
sive, slight, profitable modifications did not first arise 
in all the neuters in the same nest, but in some few 
alone; and that by the survival of the communities 
with females which produced most neuters having the 
advantageous modification, all the neuters ultimately 
came to be thus characterised. According to this view 
we ought occasionally 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. F. Smith has shown that the neuters of several British 
ants differ surprisingly from each other in size and some- 
times in colour ; alld that the extreme forms can be 
!inltcd togcthcr by individuals taken out of the mmc 

nest : I have myself compared perfect gradatious of this 
kind. It sometimes happens thnt the larger or t,he smaller 
sized workers are the most numerous ; or that both large 
and small are numerous, whilst those of an intermediate 
size are scanty in numbers. Formica flava has larger 
and smaller workers, with some few of intermediate size; 
and, in this species, as Mr. F. Smith has observed, the 
larger workers have simple eyes (ocelli), which t,hough 
small cm be plainly distingnishcd, whereas the smaller 
workers have their acelli rudimentary. Having care- 
fully dissected several specimens of these workers, I 
can affirm that the eyes are far more rudimentary in 
the smaller workers than can be accounted for merely 
by their proportionally lesser size ; and I fully believe, 
though I dare not assert so positively, that the workers 
of intermediate size have their ocelli in an exactly inter- 
mediate condit,ion. So that here we have two bodies of 
sterile workers in the same nest, differing not only in 
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size, but in their organs of vision, yet connected by some 
few members in an intermediate condition. I may 
dibvess by nddin,, m that if the smaller workers had beeu 
the most useful to the community, and those males and 
females had been continually selected, which produced 
more and more of the smaller workers, until all the 
workers were in this condit,ion; we should then have 
had a species of ant with neuters in nearly the same 
condition as those of Myrmica. For the workers of 
Hyrmica have not even rudiments of ocelli, though 
the nx& and female ants of this genus have well- 
developed ocelli. 

I may give one other case: so confidently did I 
expect occasionally to find gradations of important struc- 
tures hetwnen the different c.astes of neuters in the same 
species, that I gladly availed myself of Mr. F. Smiths 
ofl’er of numerous specimens from the same 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 strictly accurate illustration : the difference was 
the same as if we were to see a set of workmen building 
a house, of whom many were five feet four inches high, 
and many sixteen feet high; but we must in addition 
suppose that the larger workmen had heads four instead 
of three times as big as those of the smaller men, ad 

jaws nearly five times as big. The ja\vs, moreover, of 
the working ants of the several sizes differed wonderfully 
in shape, and in the form and number of the teeth. But 
the important fact for us is, that, though the workers can 
be grouped into castes of different sizes, yet they graduate 
insensibly into each other, as does the widely-different 
structure of their jaws. I speak confidently on this latter 
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point, as Sir J. Lubbock made drawings for me, wifh 
lhe camera lucirla, of the jaws which I dissected from 
the workers of the several sizes. Mr. sates, in !tis 
interest,iing ’ Naturalist on the Amazons,’ ha+3 described 
analogous cases. 

With these facts before me, 1 believe that natural 
selection, by acting on tilt: &~I&3 aUs or parents, coulcl 
form a species which should regularly produce neuters, 
all of large size with one form of jaw, or all of small 
size with widely different ja,ws ; or lastly, and this is 
the grestest difkulty, one set of workers of one oizo 
and structure, and simultaneously another set of workers 
of a different 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 producecl 
in greater and greater numbers, through 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 Malayan 
Butterflies regularly appearing under two or even three 
distinct femdc forms ; and by Fritz >Itiller, of certain 
I<raziliatl crnstnccans likewise appearing under two 
widely ilistinct male forms. 151~5 this subject need not 
here be discussed. 

I have now explained how, as I ldiere, the monder1ul 
fact of two distinctly defined castes of sterile workers 
eliivting in the same nest, both widely clircront from 
each other and from their parents, has originated. We 
can see how us&l their production may have been to R 
social community of ants, on the same principle that 
the division of labour is useful to civil&d man. Ants, 
however, work by inherited instincts and by inherited 
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organs or tools, whilst man works by acquired know- 
ledge and manufactured instruments. But I must 
confess, that, with all my fait.h in natural selection, I 
should never have anticipated that this principle zould 
have been efficient in so high a degree, had not the case 
of these neuter insects led me to this conclusion. I 
have, there.fore, cliscussetl this case, at some little but 
wholly insufficient length, in order to show the power 
of natural selection, and likewise because this is by fal 
the mclst serions special dif~cnlty which my tlleory has 
c1lcourltcrcd. Tlie cme, also, is v-cry interesting, a3 it 
proves that with animals, as with plants, any amount 
of modification may be efrected by the accumulation of 
numerous, slight, spontaneous variations, which are in 
any way profit&k, without emrcise or ha.bit, having 

Lcen brought into play. For peculiar habits confined . 
to the workers or sterile females, however long they 
might be followed, could not possibly afl’ect the males 
and fertile females, which alone leave descendanti. I 
am surprised that no one has hitherto :dylznced this 
demonstrlttive case of neuter insects, against the wel!- 
known doctrine of inherited habit, as advanced by 
Lnmarck. 

Xwmntary. 

I have endeavoured in this chapter briefly to show 
tltst the mental qualities of our domestic animals vary, 
and that the variations are inherited. Still more briefly 
I have attempted to show that instincts vary slightly in 
n state of nat,tnro. No one will dispute that instincts 
are of t,he highest importance to each animal. There- 
fore there is no real difficulty, under changing conditions 
of life, in natural selection accumulating to any extent 
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slight modifications of instinct which are in any way 
useful. In many cases habit or use and disuse have 
probably come into play. I do not pretend that the 
facts given in this chapter strengthen in any great 
degree my theory; but none of the cases of dificulty, 
to the best of my judgment, annihilate it. On the 
other hand, the fact that instincts are not always 
absolutelySperfect and are liable to DliSbdies :-that no 
instinct can be shown to have been produced for the 
good of other animals, though animals take advantage 
of tho instin&? of others;-that the camm in natural 
history, of (L Natnra non facit snltum,” is applicable to 
instincts as well as to corporeal structure, and is plainly- 
explicable on the furcgoing view-s, but is otherwise 
inexplicable,-all teud ti corrol_lorate the theory of 

natural selection. 
This theory is also strengthened by some few other 

facts in regard to instincts ; as by that common case of 
closely allied, but distinct, species, when inhabiting 
distant parts of the world and living under consider- 
ably different conditions of life, yet often retaining 
nearly the same instincts. For instance, WC can under- 
stand, on the principle of inheritance, how it is that the 
thrush of tropical South America lines its nest with 
mud, in the same peculiar manner as does our British 
thrush ; how it is that the Hornbills of Africa and India 
have the same extraordinary instinct of plastering up 
and imyrisoniq Lhe females in a hole in a tree, wit11 
only a small hole left in the plaster through which the 
umles feed them and their youug when hatched ; how 
it is that the male wrens (Troglodytes) of North America 
build ‘6cock-nests,” to roost in, like the males of our 
Kitty-wrens,-a habit, wholly unlike that of any other 
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knnmn bird. Finally, it may not be a logical deduction, 
bnt to my imagination it is far more satisfactory to look 
fit such instincts as t,he young cuckoo ejecting its fostcr- 
brothers ,-ants making slaves,-the larvae of ichneu- 
monidz feeding within the live bodies of caterpillars,- 
not as specially endowed or created instincts, but as 
small consequences of one gtxte~~al law leading to the 
advancement of all organic beings,---namely, mnltiply 
vary, let thee strong& live and the \ve:tkcst die. 
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