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-Untwithltpl'lllolhe .... tcrW.1fOI"1J,wo~aiIClliltgoto 
f&t ... uu.--... e~~ .. tbatevenlaarobrought&boutDOlby 
illRllat<.!l intcl'JlO'ltWlUI or Dirine power, es:eried In ~h pu1ieul&r 
cue,bnlbytheestablWuoontofgenenr.I.",," 

WHEwnJ..:Bridgn/xJkrTNlati« • 

.. The only diBliool mooning of the wOld 'natu.nJ.' hi .aUd, ~l. 
or..tilea;oP.noI:I ... ht.t'- .... turalumuchrequiJOlandprc8llp~ 
anintelligentllgCDtlOrcndtrit.o.'. a. toeft"ootiloooUDualJyor 
at ItIotod timcl, all what I, lupernatunl or llli1'1lCalou do.. 10 dl'lri 
nforODCe.~ 

.. To conclude, thcrcful'(',lct no manoutof /I weak conoeil m wbrldy. 
or nnil!-«ppUoom<Xkmtiou,thinkormninlain,llult a mllllCll.IIl1C1UCh 

toofM'orooloowcUriudM)d iu ihllbookofOod'lwcwd,orinihebook 
or God' .... urn; divinity or I'wla.opby: but tsihu lot wen endet,I'Otll" 
lUIendle.p~orl'rofIcie_inbotll:' 

n.OO$: AJmlWMMt of Lttand"9. 

Do!nt,B~,KMI, 

ft~2~tA.I~. \IItEJilu..) 

FDlllrlA EJiliOfl, J-. lSGd. 
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( xiii ) 

..i...'( HI::;TOmOAL FKETCH OF THE RECENT PROGRESS OF 

OPINION ON TIlE ORIGIN m' SPECiES. 

J WILL here gi"e R brief, but imperfect, akctch of the progress of 
el'inienontbeOri;,linofSpecit'l!. 'ibe great lUlljerityefnatumlista 
believe that Bpeci(!llarc ImmuUlhle productione, anu hnvo oocn sepa
rately c:nleotul. This view has boen ably lllllinUlinoo by lllIUly 
allthon. Some few lIlItnralists, 011 the olher banu, believe that 
~ unc.Iergo modiliea.tiou, and tluIt the existing forms ofHfc arc 
the da:::omdana by true generation of pre-exieting furms. Pass
i.ag".,~ alhwiODl to the IlULject in the clMaical writ~rs,·lhelin;t 
autbon.boinIDOOl'rtltimea hUlrcateditin a acicntificapiritwns 
fkt1roa.. But u lu. opinions ftuctuatcd !;l"clltly at dilT"rCllt periods, 
andubedoeanot enter OIl tho CIJ.ll5CII or means of thetrn!l8ronna_ 
tionofspccica,I noodnothel'Ocnterondctnil8. 

Lamarck "'111 the fint man whOle conclusious on tho subject 
excitedmuohnttcntion. 'l'hisjustly-oelebmtcdontumlistfiratpub
Ii.lhod. hi. \'iow8 in 1801 ; lie mueh clllnr~u them ill 1809 ill his 
'Phil,,"ophie Zoologique,' flllU Bubooquentiy, in 1815, in the Intro
duction to Ilis 'Uist. Nat. dell Auimaux Bans Vcrt\lurcs.' In these 
1fQI'lr..heupboldstho doctrine that nil speciea,i!lCludingman,llre 
dt:eoendeol from other 8]ledes. lIe fil'lit did the eminent tcr .. ice of 
fIl'OUSingattentioo to thel'robo.bility of o.1! chnnge in the0rwmic,a.s 
well u in the inorgaoicworiU, being the re&uitof Inw,and not of 

.. Ariototl~,;11 hit' Pbyoitoe AlIXIlItati""",' (lib. 2, ClIp. 8, I. 2), after 

~Jt.l~~'::t:-~~l~~o~t;d~h~ I:t':r"d!:~~;res"':~ 
=ti~=I~~U~=~ ~",t~,t w~~:~~a!~::di~::'t~= 
(ofth~bodYJfrombn~ingln;'mer.lyan:ideotlllr.IIlIIQnl" nnture? ru!tlleteeth. 

~ =J! N,.~,~:1 ~~Q.O;:/~~ti:~O~~I;:' f~I:~:'"tt~~d~~~ :no~ 
lDIIIiofur Ine IIIh of U,i .. but it W!l.B ther.6ultofa<x:ld~at. AIl<t i"like II13nllCI" 
.. t&tl>eotber JWlIU;o wh;c~ were appenrs to e.:16t lUI ...tnpllltion to an end. 
Who_er, thertfon:o,alt th,ogz togethi'r (thnlilallthel .. rtlofODl'.wbo]e) 
happlDlOllik, .. 'fiMywen:o rnad.t .... the .. .keof roomething, these we .. p,,_ 
-.-olhariDg hem Al'P"'p ....... lreoru;tituU!d by au ;"totr" .. ] "I)(mtoDcitYi and 

~~~::rDd~-: ..f~~~"':l::~~~~j]t!~; ti~~ 
.'rioIuUf Mly colII .... htrtcled Ihe principle ;. ""own by hi. mnnru on the 
IOnIIatUllioftbetetth. 
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xiv IIISTORICAL SKETOH. 

miraculoUi iutcrpoe.ition, l£marck Mem!I to ha.-a heeu chiefly 100 
to hUioonclneiOIl on tho grndUIII chanseof lpec;c., by the difficulty 
of distingui8hing gpccics IIlld varictiea, by the almc.tperfect gradation 
offOl'lDllln certain grouf06,and by tho anaiogy"ruomestic prodnc
tionL Witb re8poct to tho moolU of modificatioll, he attributed 
tomethinj:\ to tlHldircct action of the Jlhyeical conditiOll8 of life, tome
thing to thecroaing of lIlmIdy cxilting forms,nnd milch to UBe and 
iIisu8c, thnt is, to the effect!! of habil. To thia inlter lISeDcy ho 
_rna 10 attributo IlII tbe be&ntifnlll<lllptntions in natme ;-.uch as 
the long neck oflhe giraffe for browsing 011 tho braDC~oftl"eftl
But he Jikewma believed ill Il Jaw of progreMll'O development; a lld 
aaalltheformsofHfothuitendtol'rogrt'SiI,inordcrto8COOUIltfor 
tho cIbtcnOl! at the l'rteent day of l iml,le prodllctiOllll, he llllIinlaillll 
that web fOl'lDll are now '1101ltanooOOY ~ll('l'1ltcd.· 

Geoffroy Saint Hilaire, lit il atatOO in hit 'Lire,' Ivritten by 1Ji, 
ton, auspectcd,lIII eo.rly 811 1795,that whn.t we oall IpeciCI are varions 
degenerations or tho IllIme type. It '9111.8 not until 1828 that he 
publisheJ. hi. conviction that the IllIme fortllll hal'e not been per
petuatedlinoetheoriginofal1thillgt. Gi!offroYlIC('matoha.-erelioo. 
chiefty on the conditiont ofllie,or the "motld"lImbiant ..... the 
ca\lB6of changc, I1ewu cautioUB in drawing oonclWliOllll, and did 
notbelie'l'etlat existing Bpe<:illlanl now uudergoingmooificatioll; 
and," hUlOn adda," C'Cllt dono Ull prolol~me a re.erver enti~remeDt 
It.I'&\"eDir,lupposi'!m~lDequel'IITenirdoi'l'ell'"Oirpriaulurlui.'' 

In 1813 Dr, W. 0, Weill rmd before the Royal Society • An. 
Acooun.t of I Wb.ite }o'cmale, part of whOle Skill. n:lIeIJIblCl that of II 
Negro;' but hi!! paper WIUl not pllbliahoo. until hi. famoul'l'wo ' 
EMaYIl upon Dew and Sin/;le Vision' appeared in 1818. In Ihia 
paper he distinctly reoognilell the principle of natllml telection. and 
thisb the lintrooognition which ha. been. iudicstOO; but he applici 
it only to the r&ceI of IlllIn,tlnd to certain charaetcfI alone. Aficr 

• I ha ... tak.,. the clat. of the fint publicatiOD. of Umard< from hid. 

~jf~='~(~~;'!;':,,(l~·,=~i~·:;;,~n9~::!r 
Ba!'ca'ioooch .. IOM011 the_Ogbject, ItJ.o cnn-bow largely my pDd_ 
lather,Dr, F.rumUiDr.nrin,antidpaud Iheyiew.1IId trTOlWI)UI grolUldo of 
cpiniooofLamarekiohil 'ZooooUIt.' (.1'oLI.pp..5OO-[,IO),publiohediolj901-. 
A"""rdwg to 1JiJ. Geoffroy thm! b 110 doobi. that Gotihe "'" All utrene 
parti_oCoimilarTinB,uohoWlliathlbtrodudlOD.toowortW1'itlftllo 

~ed"'tO~.t'tN~~;UD~~~,; .. 'Uro!t'~~Jtu': 
qg~f""Ultondilts..-lUbelw .. ,furlnstaaoe,"ltJ·rttlmrbc"",and 
IIOt for whit they onuted. Iti .... thft-.liogularinotM<:eo(the ....... oerlo 
"blch limillll' ,.je". arill .t .bout the _ti_, that 0011"" ill G~r, 

p,r:=!1e~:~~~I=(:;=l~b.7"~r~ 
L~[:"" :.. U'"' ",-, .. ( {,...,.~J7£7' t .to. .... -:.L- ': ... t-J..I-.z;-" • J.. 

tt-1781.,,", S'¥, I''7, {C. ' '1k "';;t-J'.(,J. '''J(u J.h. , /~SS ['JrH, Au~ , .".1."'1. 1.
'l"AJ..o"~ " U . J:r _ _ "'~.J L'--)* 
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rauatklng lhat Degroel and muiattoM enjoy au immunity from 
OII1&iDtropicald~,beobiervet.,firltly,thatallauimal.teDdlo 
nzy in .me d'-'1(Tfle. 1fItl, -.dIy, that ~lturUta improvo their 
__ ic:at.ed animab by RlecUOD; and lbm, he add., but whaL is 
doaeilllthil"II~-rCUII "byart,_DlllObe~.ithequaleflicacy, ,.41)1 
tboagh morealMrly. by na.ture,.in the tormatJon of varieties ofDl&ll- ,. .. ~ 4(, 
kiad, fiu~'<l for tbtl country which tllt'y inhRbit. Of tho .ocidental 
~ or man. wbieh would occnr among tho firlt row and 1Olt-
t4hd iubabitanta or the midJlo 11!g10Q1 of Africa.1OIDe ODe v."OUld be 
~ liLted than theothetl to be&r thew-oCthocoontry. 

~~_~:=ti~=t"~::::;:.i=:= 14' 
blat fII:cl &baIr bx:apKity 01 oontaWina;,nth their more vigorous 
MlPboIua. The oolour of UUa vI;;llI'OUII ra.oo I take tor gmntal, 
~ ..w .... be. .u-iy .aid, would be daTk. But the arne 
6plIIUoa 10 ..... ~ ItDI m.tiug, • daTker IDd n daTker 
_-WiDu..-...oCtimeoocn:r; .oouthedark,.twould 
a. .. 11M t&W .. tbI climate, thle would.t leDith koorno tho 
__ ........-.. iroot the only JIIOItoht tbe particular c:ouotlYin 
wtdcilltbadoriginaUd.~ Heth~neItcnd.ttn-IlUUe"'i,"" to the 
.w" iuhabitanl.l of colder climalCil. I am indebted 10 tho Rov. 
1Ir.~olthe'L'lJltedl:itaoo.,rorb.viugcalledrny.ttentlonto 
Ibe ,bcmI t-P in Dr. WeU.' work. 

'!be DOD. and ReT. W.lIcrbert, al\ernrth Dean or Mancbeater, 
Ia daI fourth rolnrM ot the' Hotticultural Tranactiooll,' 1822, and 
III hit wort OIl the' Anwyllidaoee' (11i37, p.19,339), declan. that 
.. honicIIIltara! experimmtll have ellablillbed, beyond the P*ibiIity 
olrtlv.&atkn, that botanical .peeiel are only a higher andrnoro per_ 
.... , daa of nmci .. " He eJ:teDdJ the lIIme view to animall. 
n. DIu Wien. that d.agIe lIJleIlieloC ~ gctlll' ~1lft!Ia1ed in 
_ GriplaDy hipJ,. p.tio ooodition, and that tblW hue prod~, 
CihWly by b1~, bIlt litewile by .ariation, all OIlf emting ...... 

ID IBM Prot-lr O~4 in tho eoneJudillg ramgrapb in hie lfCll· 
bowD raper ('E:linbwgb Pbi1c.ophiea.1 Journal,' vol. xiv. P. 283) 
.. "Spcogtll .. dearlydecJareabt.bel!ertb4tapeciel.ro~ 
ftomolber.tpCciel, and that they becIomo Improved in tbe OOUr.l or 
atodiIcatiOD. 'fht._view1tUgiVl'lliuhil55thLecture,pub-

~:a~~~~:~bew pllb1iahed hill work OIl ·Naval!J,u.A< . 
'l'bobermlArboricultllre,'iuwhiehbe~ive.:precieclytheameview .a 1\ 13 
.. the originoClIJIIICtt. M that (llreeently to be alluded to) pro- •• 
poaZMIed by Mr. Wallaot and my.elr In the ' Linnean Journal,' and 
~ tt.., mIarp;I in tbe pre.ent voltune. Ul1fort~tely tho view 
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_p.byllr,lIauhMr Tf!rJ1Irio!I!I, la _lleftld~inaD 
AI'foeodix to a 'II'Otk OIl a dilIi:Ireut III1b.it'ct. II) tbat It mnained un· 
.IIUiimI until Mr, Matthew JUm.e1l drew aumtion 10 it lu the 
• Gam.-'. Cb.raIDda,' CIa April 7th, l~. n. di&n!oI:a oIllr. 
llnlthew'. "je" from mille are not 0( milch Iml'orumoe: he 8I!eml 
toC( .. udderlhatlbe"''OI'Idy,'''DCal'lyllcpol'ul.lltedat.u~ve 
,ltrlcxk, aDd tbm re-ttoeked j and be 1P"ra. .. aD 11WDati"r. that 
1l\!W form. 11\l'.y bo gcncmtod .. without tho pl'l!llCnce of nny mould or 
genn of ~er ~I.OI.. 1 am noL lllra tbu I uudentand lOme 
,-1:8; but it _ that be attdbuta mocb mfllKlDOll to the 
t11roctaetlonorthelllllditIQlUoflife. lie clearly "W.IIOWII'·I!!',thll 
ruUroroaolthe1I1'iDcipleo(_tnral~ 
n. _lnad ....... _ aatutaIiIt. \'oa DGCh,la lUI esceUeal 

'De.:rirtlaa l'byalqoa dt:s Iles Canar/.' (1636. 1~ 147), dIIarly 
u~W.W:lWthatnrietiaa"II'-""'iDtoplr_t ..... whicb""QOJo.prCllo1abkfJIbl~ 

Rallll(ll(lne,ln hi' 'Ncw Jo1ora or North America,' 1\O.blWled in 
1834, wrote (p. 6) .. Iolkrn:-"AU ~ ml&bt b .... ' ~ 
Yarietie.-.aDtI_,TUietie11.."ar-t-.lI,bto:11n.iDK~ 
by _mlng COlllIlAnt "ud 1IIICIllillr cbIlT/lcwl1I:' but Iilrther on 
(p. lA) bit adIb, "uoept tbe origlual tyl'CII or &DoeIton of the 
... a" 

JII 1813-44 I'rofCIIIOT Ur.!demr.u(DoBtou Journlll of Nat. lli.t. 
t!. Slata, vul. h'. II, ((8) hal ably giVCII the &I'\,'UlJleulli for IIld 
.,m.t the b~ 01 the den:1opneDL aod modi6c::atioD of 
'llOCiN: hCll'em.lolcalltownniltbelidllofchlngt. 

Tbe·V ..... (I(CreItDI·~iDlI'I44. JDthelalthlnll 
rna iml.cu«>d cdilOl (1853) the "'-~ author .,., (p. 
16s):-"n. I'ropoeitioo delemlillliCl OIl al'1« WUQh ~tiQQ 
.. 1loattbellftnl __ 01~-""liomthe .... p.c.ud 
oId.I.ap'O~ b ........ ___ t,-.UDderthe~ 

of Goo, \he l'Wull'ofi""', or an Im]lllile which 1l1li been lmpalUd to 
theloru.fJllir ... .d1'&llCillf; them, III dr6aite w-. by ~ 
throu!lh gndc. tl orpm...tioa tenn.iDlti.l!l m the bipNt diootylc
d01l1 and verlllbfllUi. tbeau p;mdCl heiug fllw In number,Rnd gene
nally IUal'ked by lntenala of orpnio warao:ler, whio;h we find to bI 
• practical difticnJty in _!.alliin/; affinltiHj _,I, of lnother 
ImJlullll WIluooloo with t!Jovita! rlJl'OOI, It!ndilli!', !n tho oouI'III of 
~lomodj.r,0rgW0structQ.lftbl~ .... ithutemal 
circum.~ .. IwJ., tbe natnre fJI tLo habitll, &ad lhG meteoric 
alrelldot, tbtee 00111 tb, 'Utllatkm' of tho u.tnnl theologiln." 
n. auu-.- .....-11, Ix!tina ~ orpniIatioa Jncr- bI 
~ leai»t bat thet the e&cte rrodtad by the ccoditiou mlir, 
an pdual He ~ wic.h moch f<lftle ou general FOUoo.. that 
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.pecies a~ not immutable produetiona. Dut I callnot sec how 
thetwolui'~"impul.seli"aCOOUlltiuallCientificllCnaeforthc 
numerou,aud booutifnl ro-adaptatiOIlll which we _ throughout 
nature; I cannot lICe that we thUli gain IlIlY insight how, for in
stance,a woodpeckcrilll8 become adaptoo to its IlCCulillr habits of 
life. The work, from its powerful lind 'brilliant 6tylo, though dia
pillyingin theCllrlier editions little IICcnllltoknowlcdgeaudllgrellt 
WllIlt of lICicntific CIIlltion, immedi:o.tely hmlll vcry wido circulation. 
In my opinion ithll8donccxooUcntscrvioo in this oountry in calling 
attcution to the subject., in removing prejudice, and in thUli pre
paring!hogroundforthereeeptionofan.a1ogouavic"-,, 

In 1846 the vc\.enlD geologist M. J. d'Omalius d'lllllloy publiahed 
in an aoelkllt, though!hort taper ('Bulletin. de l'Acad. iloy. 
Bmnl!et.' tom. xiii. '" 581), his opinion tllllt it is more I)roooble 
thai. new ipecl_ hne been prodnced by deeoent with modificatioo. 
than tbd thel have been 8CpIU'lIteJy ereaU!d: tbe lluthor lilllt pm
l2Iulgated thitopinkm in 1831. 

ProI-:.r Owen. in 1&1.9 (' Nature of Limb.,' p. 86). wrote as 
rQliowII :-" 'The an;betYllsl idea WIIS mllllifcetcd in the nC8h Iwder 
divCfIIOluchmodificaliona,upon thisplnnet,lollgpriortotheellisl
cnce of thoee animal Bpecies that actuallyexeml'lify it. '1'0 what 
IlAtnml]aw.orllCCQuuRry causes tho ol'derlysUCCCBlliolll\nd llrogl'ca
liollofsuell orgl\nic phcnomena may hll\'c boon oommittcd. we, 118 yet, 
arei~OI'Illlt." In his Address to the British A88OClation, in 1858. he 
spcaka(l'.li.)of"theuiomoftheoontinuouaopemtionofereati,'O 
poW'l:r.OI'u( the ordained beooming of living thillgs.~ Fnrtheron 
(", xc:.).afl.cr rererring to googmphical distribution, he adds, "'l'l,e&C 
lobtnolll(!N,ahakeourOOIilidenoointheoolldllldonlbllttheAplcryx 
<Jl x .... Zealand and the Red Grouse (If England were distinct crea
tionlJin antl for thoee j"landsrespecti\'ely. A\WIlYS,IIII1O, it maybe 
.,,11 to beat in mind U~~t by the word 'creation' the zoologist mcaWl 
·.~heknolO'auotwhat.'n lIe IlmplificsthiBidwby IIIlding, 
that when aucb cnsea 118 that of the Red GrouliC lire "enumerated by 
the!oologi.stnsevidellcc of distinct creation of tho bird in aud for 
8tlCh illanda, he chiefly expresses that he knows not how the Red 
GroUIIC =0 to 00 there, and there exclusively; signifying I\Jso loy 
thismodeofcxpr\lllllingsllchignoralleel.isbelicf,Umti.loththobird 
andtbe i.lands owoo their origin to 1\ g!'C!lt fil'l!tCrcnLiI'o Cause." 
If we interpret tbcae 8enteuces given in the Slime Addreas. OnO 
byth"olbct,it.l'pco1l'l1 that thiserninellt philO8Op!.crfcltin 1858 
hia CUllIi&bCI:I ah&.ken that the Apteryx and the ned Groll5e filllt 
apl'o .. ..t in their I'I.'Iipecth·e boml'S, 'he kne"' not how,' or by $Orne 
pnx:e.s'he kDewll(>twhaL' Sinoothe ]>u\'\imtioll in 1859 or my 
work un the 'Origin of i'pec:ies,' but whether in 1X1115equcnoo of it 
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ill doubtful, ProfcSlIOr Owen hu clenrJy cxprt'liSlld hie belief that 
apecie. !un'o not been sepnrntely created, Ilnd are not immutable 
productions; but he still ('Anatomy of the Vertebratt:'8,'l86G) 
deolel that we know the natural laws or eeooodary causes of tbe 
su_ive apperuance of species; yot ho at the BIImo time ndmits 
that naturn.l selection may Irnvo done IOmcthiog towanls this end, 
U il Burprising that this ndmission should not blWC beeu m~do 
earlier, lUI l'rofcB801' Owen now believes lbnt ho promulgated the 
thooryof nnturnleclection in a pnssage read before tho Zoological 
Society in :Fcbrunry, 1850 (' Tnmsact.' vol, iv, 1" 15); for in p. 
letter to tho' London lleview' (May 6, 1800, P. 510), commenting 
on IOID<' of tho reviewer's criticil!lns,he aY", "No naturslist can 
dilltnt from the troth of your perception of tbo ~tial identity of 
tile JlII.IIM'gU cita! with the basis of thlll (lilO II(H)lllted Darwinian] 
thoory, the JlO,,-er, viz., ofspeciea to I\COOIllmodate themsch'es, or 
bow to the inllucuoeB of BUmIllIlding circumetlUu:es." Further on 
in the llame letter he II(lC9.ks of hilllll(!lf OIl .. tho author of tho same 
tbeory at the earlier date of 1S5Q.... ThQ belief in Profeaaor Owen 
thnthe Iben go.vo to the world the thooryof Il{l.tnrnillclcctionwill 
IiUl'J'riao fill thoeo who are acquainted with the l!C\'ernl passage8 in 
hit workl, reviewlI, nnd lectures, pn\llishcd Binco the 'Origin,' in 
which ho at!'(lnnously OPIIOllCIi tho theery; nnd it will please nn 
thOllOwhonro intc!'(lsted on this siuo of tho qucstien,as il;mllYbo 
pfCSUmed that bis eppoilitionwillllOw t:ef\JC. It Bhould, ho.rc\,cr, 
bo,tlr.tedthattheJlllllllo"llabovorefcrred 10 in tho 'Zoological 
Tnlnactions,'811 I find on consulting it, IIJl(lliea cxclulliV('lyto the 
exterm.lllltiOO and preset'T1ltion cC an.i.m.aU., and in no WlIy to their 
gmdDlll. modifiClition. origination, or Il{l.tuml !eJection. So far is 
t.hi.&from being tho CIII!O that ProfCllllOr Owen IICtlllllly begius tho 
fint of tho two paragraphs (vol. il'. p. 15) with tho fellowing 
worda:-"Woblll'onotllpLrlicloorevidcneo tlmtnnyapeciesor 
bird or bea.st that lived dnring tho plioceno period hu had its 
charnctel'll modified in sny respect by tho inBueneo of timo or of 
ehangoofexteJ1l/l.lcircnmstn.nI)ell." 

M. hidoro Geoffroy Saint Bilaire, in hiB Leetni't'S delivered in 1850 
(of which n n~8ume IIppeared in tho' Hovno et Mng. do Zoolog.,' Jnn. 
1851), briefiygives his reason fOI' belioving thut B[lCCifiechumctcrs 
"80DtfixC8,ponrchaquoes~,tllntqu'clloaopel'J.~tuollnmi\ion 
dOl mQmesciroonstonces: iisaomodifient,1Ii \ea ciJ'COUBt:lnCCII am
biliulOI "itnnmt it chsnger." "En rhurn4\, fob.trwalwn dell animaux 
IIOU"8"l' d6mootro d~& Ia variabiliW limit/r del~. Let e;t

p/r-irncu 'IU' 101 fUlimaux san;agea dereollll domcstiqucs, et snr Jell 
nnimaux domestiquell redeVeIlUll Atn'ngte, III Mmontrent plus claire
meot encore. Ccs mllmea expo!rienoeB prou.,.cot, do plus, quo les 
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dUft:lrenOO8 produitell peuTellt ~tre do m1~!' g/RIr,·qlU." In hill 
'HilIl. Nat. G~lIernlo' (tom. ii. p.430, 1859) 110 amplifiea 1I1Uli0gous 
COIlcluai0n.6. 

From a circui&r lately issued it IIppears that Dr. Freke, ill 1B51 
('DubllIl1ledica1P!"e!III,'p.322), propounded the doctriDo that aU 
organic beillgs havo descended from 0110 primonlinl form. His 
gtOmldsofbeliefaud treatml!Ilt of tho IlUbjcet lnO wholly dilfercnt 
from mine j bu~ 9.11 Dr. Freke has uow (1861) published lli8 Essny 
Gl'theOrigin efSpecim by mlmlBofOrganicAffinity,'tho difficult 
.ttempt to give any idea of his vie .. "'OUld be 6UperBUCUI 011 my 

"". Mr. Herbert Speneer. ill '11 Essay (originally published i1\ the 
'lMder: Xan::h 1852,1!ld repnbUshed in his' ElI8Ilys' ill 1858). has 
-a.ted the tbeorieI cl the Creation IIId the Dcvelopmeutof orgunin 
bIIDp wilb rmwbble akilllDlllon:e. He argullB from the IInIllogy 
of ~ pod~ from the CMngea which the embryos of 
maayipIIOieIl UDdergo.from the difficulty ofdietinguishingspecics 
iIAd..neu.,1Dd from tho principle of geneml gradatiOll, that species _"t-:i modified; IIId he attribull'llthemodifiCBtion to the chnnge 
ol~ Tho author (1856) h9.11 :lolso treated Psychology 
OI1tbeprineil,leoftbOIlCCCll6lllYOO'luircmentofcacbmrn.tI11po'wer 
IDdCBpacitybygrMatiou. 

u.~I852 11. N,odin, a diltiuguished botanillt, c.xproBBly SUIted, 
mIlD admimblc pt.per 011 the Origin cl Species ('Revne IIorticole,' 
Po 102; sinoo putly republiahed in Ule 'NouveUCl! ArchivCII du 
lluNum,' tom. i. p. 171). his belief that apeCiC8 :lore fonuod ill 
lID lDIIlogt:lll& maIlIleru \'I1rietim aI'O under cultiv:lotioll; nnd the 
latter ~ be ,ttributca to man's power of IiClection. But he 
doca DOl Ihow bow IOleetioo sets under lIature. He beJievl'II, like 
n.a BeriIeI1. tha, 1!pOciea, when. naeoont, were more pllLiltin thnn lit 
~L He Iaye weight 011 whllt he co.lIB the principle of finality, 
"paBIDaI mysUrieuae, ind6termink; fataliM pour lea uns; pour 
.. .am.. TOlooU pmvidelltielle, dODt I'action.inccssantc 6Uf lea 
ItrN riYlllti INtermille, A tonics lea ~poques de l'l'3:istcnco dll 
IIIIIIIde, 1& rorme, ievolume,ct la durl!e do chllCun d'oux, Iml'lliaou 
"'.dEstin4edansl'ordre de ch06e!l dontil fait partie. G'cstcctto 
~ qui hannoni!i6 chllque membro A l'en!l(lmble en 1'I1ppro
pilDtala lonetion qu'il doit remplir dalllJ l'organillmo g<!n~ral de j:lo 
..a.r.. fooeiion qui cst pour lui sa miseu d'~tro."· 

·"....·~inBronn·.'Untcl'lluchungO\lijbcrdioEn'wi"kolullg,. 

=-~~_:!r,i:'t:::.,:~ =~~:t~~~ka~ 
J)'AhIDa,1ibtrioe,lnPllDllerandd·_<\lton·.workonFOIIiISloths,~, 
ill 182] •• 1imJlar belieI". Simihr"ie," have,M isweU kn01l'Il, been Ulai~-
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In l~ • _bnled Jt«lIogiIt, Count Key.m.iog (' Bulletin 
lro Soe. Geotog.' 2nd fler., tom. :1[. P. 3,;7), ~«d tba~ .. 
tl*--, IUI'IX*id to have becu caUllld I>y .omtI mLuma. have . 
smdllll'Cld (j\'crthe world,.oat oertainIJeriodithe gertnaoluilti 
lpeciea lIlly have been cbemically aB«:ted hy cireumambiellt 
culea or. particular natnn!, and thua bue ginD n. to new ~rmL 

In tbll-.mt y~,l8S3.. Dr. Schillfhauaen publWled aD oeel 
pamphlet (. Vcrband. dtI Xalurhi.t. VeTeina del Prena. Ubei 
landt.' .tc.), in whleh I,e maintaina 11>e I~ve dcn-e1opment 
organlcfurmaoa theeartb. Ue inba that many IptCic. bave Ir.e 
true ror 1oo/!! perioda, ,.berNI a r_ have brcome IMdifi«l_ 
tlbtinetion ot.pt'cieI be IIXI)lainaby Ihetleatructiollof intermed.' 
gradualold runna. .. Thill hying planLl and ani.malt are not It 
rated. £rom the u\inet by new creation .. but ate to be ll!pI'Iled 
their~blthrotiihooutinutdreproductiOll." 

.A well·lr.l101fn French botanist, M. Leooq, writea in IBM (' £1 
IUr Gl!ogn.ph. &t.,' tom, I. p. 200), "On ,tit que DOl rec:hertlte. a 
\a lixiu. OIl 11 n.riatioo de I'.-pece, nooa oondu~t dl~l.emenla 
~ Mi ... rar deux bomms juatement ~br-. Gootrroy S&i.n 
Elilainlel.Qo"tbe." ~otber~Katl.eredthrotJghK. 
Leooq',larsoowork,make it a liuleduulMul how rarhellXl.eoo.h 
vk!II"on t1,emodificalivn of_pede&. 

The • PbiJo.ojJhy of Creation ' baa been treated In a DlIIl.erl1 
uwmrr by the IleT. n.deo P~I" in hia. 'r-,.. OIl the t:nity ~ 
Wor!dt,·l8,;5. NothlDgcaaho_atnlr.iogthaDtbelDlllDCrila 
.... hlch he abo ... that the Introduction of ne"-roeci.-b".l1!gUlar, 
notaClUlUlI,)heuumenun,"or,IUISirJohnUcr1Chelexp~it, 
".naturaiincontradi.tinetiQntoamiracIlIoWJI~·" 

The thinlvululDe tithe 'Journal of the~Societr'o» 
taina ,.pe .... rsd July lit, 18:.08, by Mr. Wallao. and mplr, III 
,.hich, II .... 10...1. in the InlrOductory Ttmark. to tbia '·oltllne, tha 
thoory or NMurnl S.·kctioll i, 1'n)lllulgllteo.l by ),Ir, W!lllaeo with 
at1mirableb"Ollandcl~. 

Vm n.r, towardI ... bom all zooiopq feel.o profound a ~t, 
ex~ .boat the year l~ (_ Prof. Rodolph Wagner,'Zoo!o
giIch.A..nthropologiacbeUute:mu:hungea.,'1l:!61, •• 51)hiIJoonrictiou, 

I~~~JI. ~r "?~:.~~::l::te&:.,. ~Vi:!.·~ B!: 
Point._ •• · ......... aIl..t...t'-<l.tIw_.,.,... ... _u.ulIrbeiac ........ 
... ~ ':,,"~l~ '!'i.! ~':rLQ~y~':..:.u:".ta:: l:~:;~1!~n~ 
or ... tIou.l .. mly ...... '" ha ... wrlttal OII.ptdal.braDcb.o(_td .... bblOfY 
w~1' 
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ebidly groot><l",l 011 the la," of geograrhical di,tributiwl, tl .. ,1 f .. 1'lIU 

... J'l'rfectly diltinct hI.\·e dellcended from a lillgle pilrent-fonn. 
JIIJuIII',ll:1ijj), Profe.or Huxley gave a leeturebef()l'(l thelloyal 

IDIbwtion on thll' Pe .. illent 'l'yPf'I of Animal Life.' Refcrrillg to 
~ -. be remarks," H .difficult to fX)mpehmd the me.ning of 
.dI r..ct. as tb_, if 1ilI .urro-e that each specis of animal alld 
pilot, or efoCh gn'*t type of organisation, W1\S rormed lind placed upon 
.. IlUrfaoo of the globe at long intervilil by a distinct act of eret.tlvll 
JIOWW j aDd it ie well to m:oUed that .ucb flU _umption ie u un· 
.pport.ed by tradition or renlatioo .. it • 0JIP*(l to the ~neral 
-'ogy of natun!, If, on the other bind, we rie .... 'Pe .. ist('nt 
Ttl .. ' 10 relatioD to that bypothelll which IUPPD'N tbe specie. 
1i ......... yU_tobetbere.altoftbagradllAlmodificationor 
~ ~_ b~ which, thougb unproven, and 
...,. a...pd by _ oll"lQ~it yet tbc only one to 
.... pllJIioIov led. ... y _teoancej their n:iltenoe would _10" that the llIDODPt of modification which \i .. ing beinS
........... d1lJin;:pologkaltimeilbut .. ery.mallinrel.tiou 
... wboIe .... oldlanS- which tlx-~' have IllfferOO." 

... Deoembel-,IRS9, Dr. Honker pnblilbed hil '1lItrOOucti<>1l to 
... .la.tnliao flowa.' Inthefi .. tpartofthilgre.tworltheadmitl 
.. truth of the ~t flU., modification of spede., aDd IUPlIOI1 • 
..... doctriDeby In&IIyoriginai ot.erTatiOllI. 
". "&n& edUKcl d thie ~lt WIllI 1'Ilbli.bed 011 November 2.(tb, 

lIBt, aDd tbe -.:I editioo 011 January ilh, 1860. 
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OX THE OUIGIN OF SPECIES. 

INTHODUCTIQN. 

WBElt! on Loan! IDLR. 'll<-agl('; I\IJ natllmiist, 1 wns 
Mlk"h stnwk with certAin farls in the distrilmtiou of the 
organic lII'·ill~ inhHhiting Nuth AmeriCA, Bud in the 
geol''';l'ai N']ations of the Pr(':,(!lIt tothe past inhabitants 
of tlillt l'ontincut. 'l'he,;c (/l('ff\ as wiU be !".'(>n in the 
lattf't ('hapkn> (If this mlume, se<!uwd to throw bOOla 

1i;:llt VII tho origin of ~1)(!Cics-thllt mystery of myetc
riefI; as it hful Lt.·t'll ('allloJ. by one of out grcntc~t philo
"pli.1'lJ. On my refilm hOllie, it (I('('urred to me, in 
Il'(;li, that l:I(lnlcthing might perhaps be made out on 
this question l,y patio·nllyaccnmulating Bud reflecting 
on alllllJrts ,., fat'U! .... hi('h rould p08lSibly have Blly bear
ing 011 it. .Htt't fin~ years' work I allowed myself to 
apeculate on tbe 8Ubjt>('t, and drew up some short Ilot('fl; 
tbNe 11'nlargl~1 in I~H into II. skckh of the conclu
.io ..... hi.·1i tht'll 8('(!tnOO to me probable; from that 
period to the present day 1 liaya steadily pursued the 
lame obj.-ct. I hop<! that I mlly be excillied for enter
ing on these I"-·rsonal details, as I ghe tJlcm to show 
that I hal'e not been hasty in coming to Il decision. 

1Iy wvrk is now ncarly fini~hed; but as it will take 
me two 01' thn-e more years to complete it. nnd as my 
health iI far from strong. I ha\"e beet\ urged to pulolit;h 
tm. AL.tract. I lia\"c more especially been induced 



to do this, Il8 )[1'. Wallace. "ho is now studying the 
nntuml hh;tory of tho )falny archipelago. hll8 arrived 
ut ahuobt exactly tho same general conclusiOlls that 1 
)UH'O on the origin of Elpccie~. In 18,')8 ho sent mo II. 

memoir ou this subj(>Ct, with 1\ «'quest that I would 
forward it to Sir CilarlC8 LyeIJ. who seut it to the Lin
neAIl Society. and it. is published iu tho third "olume 
of the Journal of that. Society. Rir C. Lyell and Dr. 
Hooker. who botl1 knew of my work-the latter having 
read my sketch of lS.J..J-honoured me by thinking it 
ndvi1;U.ble to publi~h. with jUl'. Wo.llace's excellont me
moir. some brief extracts from my malluseript& 

'i'his Abstract. ""hid1 I now IlUUlish, nUllSt noccasarily 
00 imperfect. I caunot here give refetCnoos and autho
rities for my 8e,'cml statements; and I must trust to 
the reader reposing: some confidence in my accuracy, 
No doubt errol'S will hn,'o crept in. though I hope I have 
IIlw~lyS been cautiQus in trusting to good authorities 
IIl0ne. 1 can here givo ouly the geueml conclusions at · 
whi('b I ha"e arrivt'd, with a few facts in illustration, 
but which, I hOlx>, in most eases will suffice. No ono 
('lUi fed more 8t:'lbible thau I do of the neoesaity of here
nfter publishiug in detail aU the facts, with references, 
PlI which my couclu:;iolls have been grounded; aud 1 
1101>0 in IL future work to do this. For 1 am woll aware 
that scarcely a ~illglo point is discussed in this volume 
Oil which facts cannot be adduced, often apparently 
It>adillg to conl'iu.o!iolls directly oJliJO"ito to those at 
whieh I hal'o arril'cJ.. .\. fllir result cnn be obtained 
only by full~' stating and balancing the facts and argu
ments on both ~i(I(·s of each question; nud thiJJ cannot 
pO<'18ibly be hero done. 

r mueh r(>gr<'t that want of space preveutlllllY having 
tllo sllti4action of a(·knflwlt..>(lging the generous a.ssistanee 
\\hi('h 1lun-c reo ,·j\'cli from yay many naturolist.s. some 

reI -h.. Ie .,Work f harl rWWlOnllne 



INTRODUCTION . .. 

ofthclll personally unknown to me. I cannot, howe\'er, 
let this opportuuity 1)688 without expressing my deep 
obligations to Ur. Hooker, who for the lru;t fifteen years 
Iwaided me in every possibla way by his large stores 
Hf knowledge find hig excellent judb'ment. 

III c(lIlsiderillg the Origitl of Species, it iii quite con
ceivable that 0. llaturaJist, rcnocting on tl10 mutual 
affinities of organic beingfl, 011 their embryological 
rr-Iatious, their geographical distribution, geological 
succession, and other sucb facta, might come to tho con
elusiontbat species had not been independently created, 
but had descended, Ijke ,'arieties, from other epecies. 
Xe\'crthcless, sitch a conclusion, 6\'eU if well foundod, 
\\Ould be unsatisfactory, until it could be shown how 
the iunumerable species inhabiting this world ha\'e been 
modified, 80 as to acquire t1Ult perfection of structure 
lind coo.daptation which justly excites our admiration. 
Naturalists continually refer to external conditions, '!meh 
M climate, food, &c" as the only possible cause of 
lilnation. In one "ery limited sense, 88 we shall here
.ner see, this Illay be true; but it is preposterous to 
attribute to mere external conditions, the structure, for 
in~lo.nee. of the woodpecker, with ita foot, toil, beak, 
"nd tongue, so admirably adapted to catch insects under 
the bark of trees. In the case of the mistletoe, which 
111'8.11'8 its nourishment from certain trees, whic11 bas 
:«'<18 that must. be tmnsported by certain birds, and 
wil i('h has nowers with separate sexes absolutely re
(P i iring the agency of oortain insects to hring polJen 
from one flower to the other, it is equally preposterous 
to account for the structure of this parasite, with its 
relations to several distinct organic beings, by the {'«eeLs 
of external ('(lnditiolls. or of habit, or of the ,'olition of 
tll(\ plaut itself. 

II j". thercfor{', of tbe highest importance to gain a 
.2 



L"TRQOI1CTIOY. 

dear insigllt into the mean8 of modification and co
adaptation. At t.he commencement of my oboien-stiollS 
it seemed to me probable that a careful study of domes-
tieated animals and of cultimted plants would offer the 
best chanco of making out tilis obscure problem. Nor 
havo I been disnppointed; in tllis and in all other 
perplexing eases I have illvurinbly found that our 
knowledge, imperfeet though it be, of variation under 
domcllticatioll, afforded the bc!It and safest e1ne. I may 
\'ClltUro to express my con\'iction of the high nlue of 
buch studic~, altllOugh tliey have been very commonly 
neglected by naturalists. 

From these considerations, I shall de\'ote the first 
chapterofthis Abstroct to Variation unde r Domestication. 
We shall thus see tIlII.t a large amount of hereditary 
modification is at least pos.sible; and, wJlat is equally or 
1lI0re important, we shall see how great is the l)(l\\'er of 
man ill acculllulating by bis Selection slleecssh'e slight 
nl.riations. I will then 1>as8 on to tho \·l!.riaLility of 
III>e<'il'fI in n state of nature; but 1 shall, unfortunately, 
be comp<'i\e..t to treat this suLjcet far too briefly, 88 it 
Cun 00 tn'lltt"\ properly only by gi,-ing long catalogues 
of fnets. We shall, howe,"er, be enabled to discuss 
\\"hat cin:umstances are mo~t faTourablo to ,·ariation. 
11\ the next chapter the ::::tru.:,r.gle for Existenoo amongst 
all organic beings throughout the world, \\"11ich inevi· 
tably follow9 from the lligh geometrical rotio of their 
increase, will be treated of. '1'his is tho doctrine of 
Malthus, applied to tho whole Ilnimal and vegetable 
kingdoms. As mauy more indh'idual8 of each speeios 
aro born than can possibly 9un-ivo; and as, conse
qucntly. there i9 a frequently recurring strugglo for 
existcllcc, it follows tbat any being. if it \'azy however 
slightly in any manner llrofitable to itself, under the 
complex. and sometimes nrying conditions of life. will 
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INTRODUC'TlON. 

)lave a better chanoo of sUM'iving, and thus bo tlaturallll 
ttluttd, l~rom tho strong principle of .. inheritllll(,(!, nny 
/l('1('(!ted variety will telld to propagate its new und 
modiliro form. 

This fundamental subjeet of Natural ~lection will 
he tN'ated at 80me length ill the fourth chapter; (\lid we 
~hall then see how Natural &!lection almoe:t ine,-itably 
caU.$t'8 much Extinction of the less impron'(\ forms of 
life, and leads to what I hnve called Divergence of 
Character. 11\ the next chapter I shall discuss tl16 
eotnplex and HUle knO\m laws of variation and of oorre
lation of growth. In the four succeeding ehal'tcl"8, the 
m",·' apparent and gravest difficultiCfl on the theory 
"'ill be ~.'hen; namely, first, tho diffiellltiNloflmll.~itioll!l, 
or in understanding how fL simple being or 1\ simplf' 
O~II call be changed alld perfected into a highly 
d(l"cloped being or elaborately con<;trlletl'(l orgUII; 
~Iwndly, the subject of J uo:tind. or the mental powers 
of animals; thirdly, Uybridi.sm, or the inf~rtility of 
"f't"'<"ies and the fertility of varieties when int(:f'('rosscd; 
amI fourthly, the imperfC<'tion of the Geologit'81 Rt.'COn!. 
In the next chapter I shall oon~idf't ihe geological 
fj"urOO:lt!ion of organic beings throughout time; in Ole 
el(l"ellth and twelfth, their geographical c1i!ltribution 
throughout space i in the tltirteenth, their cJt\Mifico.tion 
or mutual affinit.iQl, both wIlen mature and in an em
Lryonic condition. In the la.st chapter 1 shall gi;e a. 
l'ricf recapitulation of the whole work, amI a. few oon
duding remark.s. 

:No one ought to feel surprise at muell remaining a.~ 
yet unexplained in regan! to the origin of spedes and 
nlriNics, if he make due allowance for our profound 
iptomnce in regard to the mutual relatiolls of all the 
bdnga which li"e around Il'l. Who ('an explein why one 
l(IC<'·i.,s ranges widely and is "cry numerous, and why 
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INTRODUCTION. 

another allied speciO:l has 1\ narrow rang-e and is rare '! 
Yet these relatiQlls are of the highest importance, for 
they determine the present welfare, nnd, as I believe, 
the future SUt"CeAA and modification of C"cry inhabitant 
of tbis world. Still less do we know of the mutual 
relations of tho innumerable inhabitants of the world 
during tho many past geological epochs ill its history. 
Although much remains obscure, and will long remain 
.01:ll!lcurc, r call entertain no doubt, ancr the rnoet de
JiI>ernto stndy und dispassionate judgmcnt of which I 
11111 capable, that tbe view which most naturalists entel""" 
tain, and which 1 formerlyenwrtained-nnmely, that 
ench species hM boon independently created-is erro
neou~. I am fully conviuced tllat species nre not im
mutable; but that UlOse belonging to what are called 
the same genera are lineal descendants of some other 
find gl'ucrally extinct species, in the snme manner HS 

the r.cknowledged \'arL·ties of filly one species BTe the 
,Iescendants of that species. }~urthermore, T am 0011-

yiuced that Natural Seleetion has been the main hili 
not exclusive menus of modificatioD. 

I W Ii< f I ~ rwin nli 



VARIATION UNDER DOliESTIC'ATION. 

CHAPTER I. 

VAIlIATION U1(1)1I:1\ DO!IF.BTICATION. 

tAUI!ClJ of VlITillbilily-EffCCil! of Hllbi~-Cotrellllion of Growth 
- lnheritanoe_ Characrer of Domcstio Yarictiee - Difficulty of 
diUinguiBhing between Varieties and Species-Origin of Domestic 
VllTieties from one or more S~iC!l- Oumcstin 1'i6ooll.lI, their 
DiffcrCIlCX'll lind Origin-Principles of Selectiol'l, anciently fol
lowed, their Effccil!-llcthodical and UnOOfl8CiolLll &Icction
Ullknown Origin of our Domestic !'roducliOllll-Cin:UIIlfitaool'll 
ravOllfUble to lbn's power of Seloction. 

OaU8ell ()f Variabilit/l. 

Wm:N we look to the individu{l1 8 of the Mine vuriety 
or sub-variety of our older cullin-tied plants null ani· 
muls, ono of tho first points which strikes U", is, thllt 
Ihey generally differ more from euch olher than do the 
individuals of anyone species or variety in Il state of 
nature. 'Vhen we reflect on the vast \liversity of the 
plllnts and Ilnimals which have been cultivated, and 
which have varied during' all ages under the most 
diO"erent climates and treatment, I think we are driven 
to conclude that this grent varifLbility is simply due to 
our domestic productions having been wised under con
ditions of lifo not 80 unifol'lll as, Ilnd somewhat different 
from, tllOsO to which the parent-species havo beon exposed 
under Illlture, 1'here is also, I think, some probability 
in the .... iew propounded by Andrew Knight, that this 
variability may be partly connected with exeess of food. 
It 8CCms pretty clear that organic beings must be e:x
poecd during sevenll generations to the new (.'{)ndilions 
of life to cause any appreciable alllOllut of variation; 
and thnl, when the organisatiop has once bt>gun to vary. 
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VARIATION 

it gt'nemlly continues to ,'ary for 10811y gcnemtionll. 
No CMe is on record of a mriablo bcillg ceasing to be 
Tariable under cultimtion, Ollr oldef'lt cultivated plant;!, 
such as whcat,8till often yield Dew mrieties: our oldest 
domestieate<1 animals are still Ctlpablo of rapid imprQl'e
mentor modificatiOIl. 

It 11M \x>en disputed at what period of life the causes 
of nriability, whateycr tlley mAy be, gencrally act; 
whctller during tho early or late period of dOI'elopment 
of tIle embryo, or at the instant of conception. Goofl'roy 
S1. JTilaire's f'xl)('riments show that unnntural treatment 
of th!! embryo causes monstrosities; and monstrosities 
eannot be IICpamtoo by any cleur line of distinction 
from mere Yariatiolls. But I nm strongly indined to 
8u~peet that tbo most frequent Cl\UlIC of variability may 
be attributed to the male aud female reproductive 
elements having been afl'ected prior to tho act of con
ception. Severol r(,MOns make me hclioyo in this; but 
the cbief ono is the remarkable elTed which confine-
ment or cultivation bas on the fnnction of the repro
dlleth-e sYbtem: this system appearing to Ix! far moro 
susceptible than any other part of tho orgnlli&ntioll, to 
the a('lion of any ehango ill the conditions of life. No
thing ~ more easy thlln to tllme an animal, nnd few 
things more difficult than to get it to breed freely under 
confinement, even in tho Illany CfL."C8 when tllO malo and 
female unite. How many animals there are which will 
not brt."<!d, though living long under not yery ('1080 con· 
finement ill their llatil'O country! 'fhis is gencralJy 
attributed to ,'itiated instincts; but how manycultivate<1 
plllnu display the utmost "igollr, and yet rarely or never 
8Q('(i! In BOrne few such Cf\8e8 it has be<!n digeol-erod 
that ,'ery trifling changcB, such lUI a littlo moro or lese 
water at SOlllO particular period of growth, will determine 
wll('ther or not the plant I!Iets a seed. 1 cannot here 
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UNDER DOM.ESTICATION. 

(Inter on the copious details which I have coUected on 
this ('Ilnous subject; but to show llOW singular the law/!! 
Bre which determine the reproduction of animals under 
ronflnement, I may just mention that carnivorous Illli
mals, e\'en from the tropicll, bre{'{\ in this country pretty 
freely under confinement, with the exception of the plon
tigrf1(ies or bear fnmily, which seldom produce young; 
whereas carnivorous birds, with the rarest exceptions, 
hardly ever lay fertile eggs. Many exotic plants have 
pollen utterly worthless, in the same exact condition as 
in the most sterile hybrids. Whf'lI, on the one Illl.nd, 
we see domesticated animnls and plants, though often 
If{'nk and sickly, yet breeding quite freely under eon
finement; and when, on the other hand, we sec indh'i
dual!!, though laken youug from a etate of nature, per
fectly tamed, long-lived, o.nd healthy (of which I could 
gire lIumerous instances), yet having their reproductive 
system so seriously affected by llnpert'eived causes as to 
fnil in acting, we need DOt be surprised at tllis system, 
wlll·n it doca act under confinC'ment., acting not quite 
regularly, fUld IJroducing offspring not pcrf'e<:t1y like 
their parents. 

Sterility hlUl been said to be the bane of horticulture; 
but 011 this view we owe ,'ariability to the SIlme cause 
which prodUCeR sterility; and variability is the sourcc 
of nll the choicest productions of tile garden. 1 mlly 
add, tll8t as some organisms will breed freely under 
th" most Illlnatural conditions (for instance, ~hc rabbit 
and ferret kept in hutches), showing tllat their repro
ductive systcm has not been thus affceted ; so will some 
animals aud plnnts withstand domestication or cultiva
tion, and vary very slighUy-perhaps hardly more than 
in a state ofnatnre. 

A long list could easily be given of" sporting plants;" 
by this tenn garduners mean a single bud or offset, 
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,n 
wilkh ~dfl('uI1 MIlIIllet! a new and IOmetiroes very 
different chamcter from that of tho re~t of the Illant. 
I'luch buds ('fln bo propagated by grnfting, &c" and 
IOmetimes by IIl.'elI. 'l'hese" sports" are extrcmE"ly 
rare under nature, Lut far from rare undf'f cultivation; 
flll'! in thiB cue we IJe6 lhat tbe treatment of the parent 
hu affected a bud or offset, and not the ovules or pollen. 
But it ill ihn opinion of m08t phylliologine that there 
iA no eMCntial difference between a bu.l Rnd all ovule 
itl their earliest. stages of formation; 80 that, in fIlet, 
"sports" mpport tllO view, that variability may be 
larp>ly attributed to the oll1lee or pollen, or to both, 
ha\-ing 00t-t1 .ffl'Cted by the treatment of the parent 
Ilnor to tho act of conception . 'fhese C88C8 anyhow 
,how that variation iB 1I0t DeceAA8rily connected, 88 ROme 
autbor!! have 8UPpoeed, with the act of generation. 

. Seedlings from tho ",mo fruit, Rnd the young of tll" 
.amo litter, 80metimca d iffer l'onsidernbly from cnl'h 
other, though both tlul young and the perenlJl, as Milller 
I ... remarkM, haTe apparently beoen expo.eJ to exactly 
the Mme conditionl of life; and this sho ...... hoW" unim
portant the direct erroeta of the conditiOIlS of life are 
in eompariaon with the liwa of reproduction, of growth, 
and of inheriial1C'.6; for had the action of th~ conditiOnl 
btMl1l direct, if any of the young had varied, all ¥iould 
probably have varied in the same manner. '1'0 judge how 
much, in the ("Me of any ,.ariatiou, we .hould attribute 
to the di.reet actioD of heat, momnre, light, food, ltc., 
is m08t difficult: my impreMion it, that with animals 
weh agenciCi have produced v~ry littlo diM('t effect, 
though appart'ntly more in the ("8IJe of )llilnu. When 
All or nearly all tho individuals ('xpoecd. to ('ertain COli
IliuOlUi are BfI"octcd in the t1affiO wny. the chauge at first 
alll>Ca1"8 to be dire<'tiy due to such condition8; but ill 
lOme cases it can be shown that quite opposite conditi<lnl 
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UNDER DOMESTICATION". 1 L 

produce similar changes of structUN!. NevertheleBB 
IiOme slight amount of dlRllge mny, I think, be attributed 
to the direct action of the conditiolle of life-as, ill 
!!Orne cases, incrcased gjze from amount of food, colour 
from particular kinds of food, nnd perhaps the thickness 
offllrfromclimate. 

Effects of Hahit; CorrelalUm of {hotell. i ItllleMtallct. 
Habit also has 0. decided innuence, as in the period 

of lIowering with plants when transported from one 
climate to another. In animals it hns n morc murked 
effcct; for instance, I find iu the domestic duck that the 
bones of the wing weigh less and the bonee of the leg 
more, in proportion to the whole skeleton, than do tbe 
8ftme bonce in the wild-duck; and I presume that this 
change may be safely nttributed to the domestic duck 
flying mnch less, nnd willking more, tllt,it its wild parent. 
The great and inherited development of the ndders in 
cows and gOlltB in couutries where thoy Rro hubitun1ly 
milked, in comparisou with the stutc of these organs 
in other cOlmtries, is probably another instance of the 
effects of usc. Not a single domestic animal can be 
named which has not in some country drooping ears; 
and the view which has been suggested that the droop
ing is due to the disuse of the museles o£ the ear, from 
tho auimalB being seldom alarmed by danger, Booms 
probable. 

There are many la.ws regulating variation, BOrne fow 
of which can be dimly seen, and will be hereafter briefly 
mentioned. I will here only aUnde to what may be 
called corrolation of growth. Any change in the embryo 
or larva will probably entail changee in the mature 
animal. In monstroeities, the corrclutiODB between 
quite distinct parts ttre very curious; and mnny instances 
M(' given in Lridore Geoffroy 8t. Hilaire's great work 
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on thiil81lbjecl. Brt'eders believe that long limbs are 
almost always ftOl"Ompnnied by an elongated head. 
fo;orne instances of corrcllllion arc quito whimflical: thus 
cats which are entirely white and have blue eyes are 
~nel"8l1y dE'8.f. Colour and ooll8titutioutU peculiarities 
~ togetber, of which many remarkable cases could 
be giwm amongst animals and plants. }~rom facts 
collected by Hcwillgtor, it appears that white sheep 
and piga are injured by certain planu, wbillrt dark
coloured illdividllOl1l cfl('ape: ProfCf\S()r Wyman has 
1'C('('1It1y communicated to me Il ~ illustration of this 
[,wt; Oil asking 90me farmers in .Florida bow it WIUI 
that all their pigs were black, they intonnetl bim thAt 
th(' pigs ate the paint-root (Lachnllntbes). which coloured 
their bones pink. ami which caused tho hoofs of all 
l.ut the black varictil'S to drop 00' ; and one of the 
.. cmckcrs" (i.e. Floridn. sqnntters) added. "we &elect 
tho black members of fl litter for roil'ling. a8 they alono 
111m~ a good chanco of H,'ing." Hairl. dogs h",'e 
impE'rfC<'t tE!('th: long-haired and coarse-haired anima!.e 
al\! apt to han', a.~ iii asserted. long or many horns; 
l,iJtt'Ons with feathcn.'(1 feet hMO skin bet ..... C('1I th{'ir 
out('1 toes; 11igeoll8 with short beaks havo small feet. 
alld th086 with 10llg books large feet. lienee if man 
f!:001 on selecting, ami thus augmcllting, ally (X'Cllliarity, 
he will ahnOllt C{'rtainly unintelltionally modify othcr 
parts of the stnlctur(', owing to tho mYIlu>rioUB law. of 
the oorrelatiuD of gro1l1h. 

'nle r1'flUIt of the ,-ariong, quite unkno'l'l'tl, or dimly 
8Ccllla~lIoh'flriation iM infinitclyoomplex and di"ersified. 
Jt is well wor1h while carefully to stndy tho several 
trcati8e8 on some of Ollr old cultivated Illallls, as on tho 
hyacinth, potato, ev{'n tho dahlia, &c,; and it is really 
8Ur]lrising to note tho endless poinlll in structure and 
constitution in which the varietiet and lub-varictiOl 
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differ slightly from each other. The whole orgnn:isation 
eeems to have become plastic, and tcnds to dcpart in 
some small degree from that of tho parental Lype. 

Any varifltion which is not inherited ig unimportant 
for us. Bnt the nnmber and diversity of inheritable 
(leviation~ of structure, both tboso of Bligbt /lnd those of 
cOIL8idcmhio physiological importance, aro endless. Dr. 
Prosper Luells's treatise, in two large "olumcs, is the 
fullest flud the best on this Iffibjcct. No breeder doubts 
how strong is tho tendency to inheritance: like produces 
like is his fundamental belief: doubts have been thrown 
on this principle by theoretical writers alone. When flOY 
deviation of structure oR.eo appears, and we sea it io the 
father mId child, we cauuot tell whether it may not bo 
due to tile 8flIllO cause having noted on both; but when 
amongst individuals, appareutly cXJ,>08ed to tile SIlme 
('onditiolls, any very rare deviation, due to some cxtra
ordinnry combinfltion of circumstances, appcltl's in tIle 
pnreut-say, once amongst several million ill(lividuals 
-nod it tc8ppears ill the child, the mere doctrine ef 
cbances alm08t compels us to attrilmle its.reappearance 
to inheritance. Everyone must have heard of CIlSCS 

of nlbinism, prickly skin, hairy bodies, &c., appearing 
in severnl members of the sarno family. l! strange 
nod rare deviations of structure nre really inllerited, 
less strange nnd commoner d6Vi{~tiolls may be fr.ccly 
admitted to bo inheritable. Perhnps the correct wny 
of viewing the whole subject, would be, to look nt tile 
inheritance of every character whatever ns the rule, and 
non-inheritnnce I\S the anomaly. 

'1'he laws go,·erning inheritaooo are quito unknown; 
no Qne can 8fly wby a peculiarity io differeot indindurus 
of the sarno species, or ill individuals of different species, 
is sometimes inherited and sometimes not 80; why tho 
child often teyerts in certain ehnmeters to its grand-
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Cather 01" pndmothf>f or otber mort! rew,otll ancestor; 
why. pe'Culiarity is on<.'u tmnsmitW from one.ex toO 
both 1ICJ:C8, or to onc IICX alone, more CQmmonly but not 
~J:c:IUf1iv('ly to the like (l('I. It is a fuet of lOme litt11' 
imporiante to us, tbat peculiaritiee app ... rillg in the 
males of Ollr domt'fltie breeds are ol\Po tranJ'lnitltod, either 
ftselusively or in a much greater dewce. to malee alone. 
A much more important rule. whil"h 1 think 11.\8Y be 
trusted. i. that, at whate\"er periuel of life. IlCCuliarity 
first appeal"8, it tRnd. to app"of in tho offlpring at a 
corresponding Ilge, tllough soLUetimes earlier, In many 
caIetI this ooulJ not be othenrise: tllIlI the inherited 
pet'wiariti61 in the homt of cattle oouJd appear only in 
til" of["pring when nearly mature j pec:uliaritiCl in the 
.i1kwonn are known to appear at the corresponding 
ntf'rpillar or cocoon .. age. But hen.-ditary dideuM 
and BOrne other fact. make me beli{'t"e tbat the role b .. 
B wider extcnRion, and that, when there ie 110 apparent 
rouoll why a peeD1iarity ehould appear at auy partieDI&!' 
age, yet that it. doel tend to appear in the olTilpring at 
the eame pt'riod at ... hil-h it. fil'!lt arPf'ared. in the parent. 
I belieftl lb .. rulo to he of the highest importance in 
~lCplaioiog thela". 01 embryology. Theta remarka are 
or coone oonflned to the first ".P.lJ'NMIIQI of the peculi
arity, and not to it. primary caUM', wili('b may have 
acted on the ovule. or on the male element; in nearly 
the lIUIle manner .. in the oft"pring from a .b~rt,. 
horned 00'" by a long-horned bull, the grNtA:'r length or 
hom, though appearing late in loe, it de6rly due to tbe 
maleelem('nt_ 

Jlaring alluded to the mbjeet of revoraion, I may 
11l'f'6 ref('r 10 a IitAt{-mrnt often made by nutnralildt
nam('ly, that our domestic varieties, wb('n run wild, 
gmllually but c<:rlnin ly revert in ('hnractcr to th('ir 
aboriginal ato<'ka. ]It-nee it bas Let-D argued that no 
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deductioDil can be drawn from domestic races to species 
in 110 state of nature. I hal'e in vain endeavoured to 
discover on who.t dccisil'6 fnets the above statement hIlS 
BO o/l('n and 80 boldly been marle. 'L'here would he 
great <Jifficulty in proving its truth: we mELy anfely 
conclude that very many of the most. strongly-mnrked 
domClltic varieties could 110t possibly Ii vo in 11 wild Btilte. 

In manyeasctl we do not know what the aboriqinal Btock 
was, and 80 could Dot tell whether or Dot nearly perfect 
revcrlilioll bad ensued. It would be quite necessary, in 
order to prevent the effects of intercroeeing, that ouly a 
single n vety showd be tnmed loose ia it! new home. 
Nevertheless, 8!!1 our varieties certainly do OCCD!!ionally 
revert in BOrne of their chamctet!! to anceBtrnl forms, it 
RCeIll8 to me not improbable, that jf we could succeed in 
naturalking, or were to cultil'ate, during many genero.
tiODll, the severnl races, for illstanco, of the cabbage, in 
very poor soil (in which case, however, eolOe em'ct would 
have to be attributed to the direct action of i,.he poor 
soil), that they would to EL large extent.. or even wholly, 
reTert. to the wild aboriginal stock. Whether or.not the. 
experiment would succeed, is not of great importance 
for our Une of argument i for by the experiment itself 
the POOditiOllS of Ufe are changed. Ir it could be IIhown 
that our domestic varietiea manifested a strong tcndency 
to reversion,-that is, to lose their Required chnracters, 
whilst kcpt nnder the I!&.me condilionll, and whilst kept 
in EL considernble body, 80 that free intercJ'06Sing might 
check, by blending together, any slight deviations in 
their Btructmc, ill such ClUle, I grunt thut wo eould 
deduoo nothin; from domestic varieties ill regard to 
speri.... But there is not a &badow of evidence in famur 
of this view: to assert thnt we cowd not breed our cart 
and race-borIICII, long and short·llOrlled cattle, (llld poultry 
of various broods, and esculent vegetables, for all alm06t 
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infinite number of generatiolls, wonld be 0Plmed to all 
experience. I may add, thnt) when under nature the 
conditions of life do chauge. varintious and rCYI'!rsi01l8 

of character probably do occur; but natural selection, 
89 will hereafter be (,xplained. will determine how far 
the new charoctcrs thus aris.ing shall be prescn"ed. 

Characur of Domatu Varktiu j difficulty of diatil'fJl'ulz-
ing betlCffll Varidlu and Spuia; urirJin of Domutic 
Vorutinfrom 011/1 Of' mQre 8peciu. 
Whell wo look to tho hereditary varieties or races of 

ollr domestic animals and plants, and compare ~hem with 
closely allied species, we genem1ly percci,"o in each 
domestic race, R8 already remarked, less ullifonnity of 
character tlum in true species. Domestic races often 
have a somewhat monstrous character; by which I 
mean, thnt, although differing from each other, and 
from other species of the same genus, in 8Cveml trifling 
respects, ihey often differ in nil extreme degree in 
some one Ilftr1, both when compared one with another, 
and more e~peeially when compared with the e:pecil's 
under nuture to wllieh they are nearest allied. With 
theso eXcclltions (and with that of the perfect fertility of 
varieties when cros~,-a subject hereafter to be dis
cussed). domcstic raC'C8 of the snme spedes differ from 
Cilch other, only in most eases in 0. lesser degree, in the 
Same Ulanner as do closely-allied species of the same 
genllB in a state of IUltnre. 1 think that thill must be 
admitted, \I'hen we find that there are hardly any do
mestic raees, either amongst animals or plants, which 
have not been ranked by eompctent judges as the 
descendants of aboriginallyclistinct8]JeCics, and by other 
competent judges as mere ,'arieties. If any marked 
distinction exu,ted between domestic races and species, 
this source of doubt could not 80 perpetually recur. It 
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has Clnen been statro that domestic races do not differ 
from each other in c1u\rt\ctCrfl of generic vnhl('. 1 think 
itC4n be shown that tllis statement is hardly correct; 
but naturalists differ widely in determining what elm
ra..terfl are of generic value; all such nluntions being 
at jlrt'lK'llt empirical. norem'er, on Ole view of tbe 
origin of genera which J shall presently gh'e, wo hal'O 
no right to expect often to meet with' generic differences 
in our domesticated productions, 

Wh('n we attempt to estimate the amount of struc
tural difference betwcen tho domestic races of the 88me 
~f'N'iC!l, we are soon invoh'oo ill doubt, from not ~nowing 
lI-hl'tiler tllCY M\'e descended from on(' or 8('\'eraJ pa.rent
SI)6('ics. This point, if it could be cleared up, would be 
inwl'ClIting; if, for instance, it could be showlI tbat the 
greyhound, bloodhound, terrier, spani('I, and bull-dog. 
lI"hich we all know propagate their kind 80 truly, v.ere 
the olTllpring of allY single species, then such fad.s would 
have great weigllt ill making us doubt about tho immu
tability of the many \'ery c108Cly allied natpral species 
-for irutance, of tho many foxes-inhabiting different 
qnarters of tho world. I do not be1ion~, 1\8 wo shnll 
prt'l!ently 8C(!, that tbo whole amollnt of dilTcrence be
tween the 8e\·erol breeds of the dog hElll been produced 
Imd{'r dumestieation; I believe tlillt some small part of 
tho difference is due to tlleir having descended from 
distinct gpecies. In the C680 of eome other domesticated 
ipN"jl'll, there is presumptive, or even strong ovidence, 
that all the breeds h,l'"o dl'8ceuded from a single wild 
lItoek. 

It has often been Mliumed that mall has ehOoSeIl for 
dom('lIti('ation Ruimals and plants having all extra
ordinary inherent tendency to l'nry, and Iikcwi3e to 
will~talld dh'erso climnt.(,L I do not disJlute that thC80 
rapaeitics ha\'e added largely to the value of most of 
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ollr domesticated productions; but how conld a savage 
possibly know, when ho first tamed 8n animal, whether 
it would vnry in succeeding generntiOlll!, and wbether it 
would endure other climll.teB? Has tho little variability 
of the nss and goose, or the small power of endurance 
of warmth by the reindeer, or of cold by the common 
camC!I, prevented their dome~tication? I cannot doubt 
that if other animals and plaut8, equal in number to 
our domesticated productions, and belonging to equally 
divcrso cla&e8 II.lld countries, were taken from n state 
of nature, and could be marla to breed for an equal 
number of generatious under domestication, they would 
on an nve~'"C vary 1\9 largely IllI tho parent species of 
our e:xitiling domesticated productiolls ho"o \'aried. 

In the case of most of our anciently domesticated 
animals RUrl lliullts, it is not possible to como to any 
Ilefinite conciWlion, whether they have descended from 
one or severo.l wild species. 1'he argumcnt mainly 
relied on by those who believe in the multiple origin 
of our domestic animals is, that we find in the most 
ancient timefl, on the monuments of Egyllt, aud iu 
the lake-habirotionsofSwitzerland, much divenrity in the 
breedll; and that !lOme of tllese ancient breeds closely 
resemble or are even identical with those still existing. 
But this only throw8 far backwards the hh;tory of civi
lization, and shoWB that animals were domesticated at a 
much earlier period than has hitherto been 8Upposed. 
'fhe lake-inhabitants of S",itzerlnnd cultivated severnl 
kinds of wheat and barley. the pea, the poppy for oil, 
and flax; and they p03Scssed several dome8ticated 
animals; they had aleo oommcrce with other natioIlJ!. 
AU this clearly show8, 8.11 Ileer liEU! remarked, that tl1ey 
had at this early age progressed con!lidero.bly in civili
zation; . and tbis a.:,<Pflin impliCft a long-eontillued pre· 
vious period of Ieee admnC'ed civilization, during which 
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the domesticated animals, kept by tho different tribes 
and in different districts, might havo varied and given 
rise to distinct mees. Since the discovery of flint tools 
or celts in the superficial formations of Fronce and 
England, all geologists believe that man in a barbarous 
condition existed at an enormollsly remote period; and 
we know that at tho present da}' thore is hardly n. tribe 
80 baroorol1S as not to bave domesticated at. least the 
dog. 

Tho origin of most of our domestic animals will pro
bably for ever remain vague. But 1 may here state, 
that, looking to tho domestic dogs of tho whole.world, I 
IlIl.\·e, after a laborious coUection of all known facts, 
come to the conclusion tllat severol wild species of 
Canidro have been tamed, and that their blood, more or 
lCBl! mingled together, flows in the veins of our mony 
domestic breerls. In regard to sheep and goats I call 
form no opinion. From fncts commnnicatod to me 
by Mr. Blyth, on the babits, \'oice, constitution, and 
stnlcture of the humped Indian cattle, it ill probable 
tllat these are descended from a diffcrent aboriginal 
stock from our European cattle; and &Orne competent 
judges believe that these lattet'" have had several wild 
parants,-whether or Dot these deserve to be called 
species or races. 'I'his conclusion, as well as the specific 
distinction between the humped and common cattle, 
may indced be looked at os almost estalJlished by the 
recent odmirable researches of Professor Ulitimcycr. 
With respect to horses, from reasons which I cannot 
here give, I nm with much doubt inclined to believe, ill 
opposition to several authors, that aU the races have 
descended from one wild BtOCk.· Mr. Blyth, whose 
opinion, from his lorge and varied stores of knowledge, 
I should value more than that of almont any oue, thinks 
that all the breeds of poultry have proceeded from the 
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C()rumon wild Indian fowl (Gallus oonkh·s): baying 
kept nearly all the Englii:!h kinds alive, IIIl."ing bred nnd 
crossed them, and eXHllIiued their skeleton", I lu1\'o 
C()me to a similar oon<"il1l!.iou,-the grounds of which 
will be given in a future work. In regard to ducks 
fUlIl rabbits, the broods of which dirrl'r oonlli!lernbly from 
each other in strlll'tnfC, the e,-idl'llce strongly prepoll* 
derates in fin-our of their haring all descclldl)(l from the 
common wild duek alld rabbit. 

TIle doctrine of the origin of Ollt Bevel'fl.1 domestic 
rnccs from severru aboriginal stocks, hilS been carried to 
aD ah:.-unl extreme by BOme authors, They belie.e that 
(,,'cry race which breeds true, let the distilleti,e cha~ 
racters be ever so Blight, hM had its wild prototype. 
At this mte there musL have existed at leMt n score of 
I!}XlCies of wild cattle, a8 IllllDy sheep, ami lJ('1"eml goots 
in Enrope alone, and sCI"ernl even within Great Britain, 
One a111hor believes that thero fOl'lllol'ly existed il\ 
Grent Britain eleven wild species of shoop peculiar to 
it! \\nen we bear in milld that Britain has now hardly 
olle peeuliar mammal, and France but few distinct from 
those of Gerllll\nY,l\nd converscly, nnd so with lIungary, 
Spain, &e" but that meh of these kingdoms POS8eB8CS 
severnl peculiar bf«'<l8 of cattle, sheep, &1.'., we must 
admit that many dom('~tic breeds ha'·o originated in 
Europe; for whenco COliid they havo been derived, nR 
thef.e Bel"eral countri('fl do not possess 1\ number of 
peculiar specit>s 1\9 di5tinct parent1rtocks? So it is in 
India. Even in tho caae of tho domestio dogs of tho 
whole world, which I admit to luwe deseended from 
sovernl wild spedes, it (,fLl1DOt be doubted thot there hns 
been an immense amount of inhl'rited variation; for who 
will believe t.hat animnls closely resembling the Italinn 
greyhound, the bloodhound, the bull-<log, pug.dog, 
or llienbeim spaniel, &0.-80 unlike all wild Canidro-
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eyer existed freely in 3- state of nature? It has often 
been loosely Mid tbat aU our races of dogs 118I'e been 
produced by the crossing of n few aooriginul species; 
but by crossing we can only get forms in some degree 
intermcdiate between their parents j und if we accouut 
for OUl' governl domestic rnces by this process, we must 
admit the former existence of the 1Il0sL extreme forms, 
as the ItlIlinn greyhound, Woodhollnd, bull-dog"&c,, in 
the wild state. Moreover, the possibility of making dis
tinct mccs by crossing hIlS been greatly exaggeruted. 
MallY cases are on record, showing that a race. may be 
modified by occasional crosses, if aided by the careful 
selectioll of the individuai1l which prescut the desired 
c1l1\l1\cto!'; but to obtain a race ncul'ly iutermediate 
betwecn two exh'emely dili'creut races aI' species, would 
be Yery difficult. 8u: J. Sebright expressly experi
mented for tllis o~iect, and failed. 1:110 ofT'spl'ing ii-om 
tho first cross between two pure broeds is toJcmbty und 
sometimes (us I hal"c fouud with pigeons) extremely 
uniform, and everything seems simple enough; but 
when tllose mongrels are crossed ono with another for 
S8yeml genemtioll8, hardly two of them will be alike; 
and then the extreme difilculty, or rother utter hope
lessness of tue task becomes apparent. Certainly, a 
breed intenllediate between two very distinct breeds 
coult! not bc got without extreme cnre (Lnd long-con
tinued aelection; nOl' can I find 11 single cllSe on record 
of!l permanent race having been thus form6{1. 

Breeds oj tlw Domestic P.igoon, tlldr DiffcrenCll8 and 
Origi,1. 

Belie"ing that it is always best to study some special 
group, I have, ufter deliberation, taken up domestic 
pigeon!. I haye kept e\'ery breed which I could pur
cuase or obtain, and have been UlO$t kindly fal"Oured 
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with sJ,.;ns from 8everol qUllrlers of the world, more 
especially by the Hon. W. Elliot from India, and by 
the Hon. n .l\TUl"ffl.y from Pcrsia. Many treatises in 
different langnnges have been published Oil pigeolls, 
and BOrne of them are very important, as being of oon
sidemble antiquity. I have associated with sevcmi 
eminent fanciers, and have been permitted to join two 
of the London Pigeon Clubs. The diversity of the 
bl-eeds is something nstonishing. Compare the English 
cattier and tllo shOl"t-fnced tUllluicr, ancl see the 
wonderf2-l diffefCnce in their beaks, entailing corre
sponding differences in tJleir 51...,111s. The ClUTier, more 
especially the male bird, is also remarkable from the 
wonderful development of the cnrunculated skin about 
the heud; and this is accompanied by greatly elo~'"'Ilted 
eyelids, very Inrgo exteTliM orrlices to the nostrils, and 
a wide gape of month. The short-fncoo tnmbler has a 
Ucnk ill outline almost like that of n finch; and the 
common tumbler hIlS tllO singular inherited habit of 
Hying at agreat height in a compact flock, and tumbling 
iu the air head over heels. The runt is a bini of great 
size, with long, mllssivo beak and large feet; somo of 
the sub-breeds of runts have very long necks, others 
,"ory long wings and taiis,otllers singularly short tails. 
'rbe barb is allied to tile carrier, but, instead of tl. very 
long beak, has n very short and very brand one. The 
pouter has tl. nHlch elongated body, winge, and legs; and 
ita cnonnously de\"eloped crop, which it glories in in
flating, may well excite IlBtonishmellt and even laughter. 
Tho turuit has n very short and conicni beak, with a line 
of rm·orsed fcathers dOlVn the brellBt; and it bas the 
llilbit of continually expanding slightly tho upper part 
of the oosophngus. 'l'ho Jacobill has the feathers so 
IUllch reversed along tho hack of tho nt'Ck that tbey 
fOfm a hood; 811d it. has. proportionally to ita size, much 
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d(lIlgntl.J wing and tail feathers. 'fho tnlOlpcter and 
laugher, 8S their names express, utter a \-ery different 
coo from tho oUler breeds. 'fhe fnntail has thirty or 
even forty tail-feathers, instead of twel\e or fourtcen
tilo nOfmal number in all members of the great pigeon 
fami ly; and the~ feathers afC kopt expllndcd, and are 
C&l'rit'd IJO eroct, that in good birds the Ilead and tail 
tlluch : the oil-gland is quite aOOriOO. Sc"cml other less 
distinct brcedR might be specified. 

In tho skeletons of the 1!C\'crnl broods, tho de\'elop
ment of the bonel of the face in length and breadth 
and CUfvature differs eoonnously. The shal)(>, 8B well as 
the breadth and length of the ramUlI of the lower jaw, 
vance ill a highly remarkable manner. Tho caudal 
and LW'ral vertebral \'ary in numlx-'f; III does the 
Domher of the ribs, together with their relath'e breadth 
and tho preI!Cnce of processes. The size aud shape of 
the apertures ill the sternum are highly variable; so is 
the degree of di\"ergence and relath'e ~jze of the two 
arms of the furcula. The pNlportioual width of the gape 
of mouth, the proportional length of lhe eyelids, of the 
ori6ce of the 1l0000triis, of the tongue (not always in rrtrict 
correlation with the lengill of beak), the size of tho crop 
and of the upper port of the OO8OJlhagus; the develop
ment and abortion of the oil.gland; the number of the 
primary wing nud caudal fcathers; tho relntive length 
of wing and tail to each other and to the bOOy; the 
relati.,o length of leg and of tile feet; the nmllOcr of 
tlCUwllm 01\ the toes, the de\'clopmcnt of skiu Octween 
the toefl, are all points of structure which are variable. 
The period at which the perfect plulllage ia tU'quired 
.,arit'l\ as docs th(> state of the down with wbich the 
ueet1ing binl~ at(> clothed when hatched. The &hape 
and J;ize of tbe e:,:-gs vary. 'rhe manU(>f of fli~ht, aud 
ill IOllltJ breeds tho mk-e and d;'JI,.ition, dillef ra-
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mnrkably. Lastly, ill certnin brc<!ds, tho males llnd 
fOlllales havt,! come to differ in n slight degree (rom f'a('il 

other. 
Altogether at least a score of pigcoll8 might 00 

ChOllCIl, which, if shown to an ornithologist, and he 
were told that thoy were wild bird~ would certainly 
be nmhd by him U8 wcll·dcfine<! species. 1\£oroo\'or, 
1 do not bclicm that any ornithologist would place tlu} 
Englbh C1Irrier, tho short-faced tumhler, the mnt, tho 
bnrb, pouter, and filntail ill tllO same genlls; llIorc e~pe· 
(linlly 1I8 in ce.ch of these breeds 8Cw~rol truly-inherited 
811~brceds. or species as he would hnye called them, 
could be shown him. 

Great M the differences nrc between the breeds of 
pi~'Ons. I nm fully COIl\'illccU that tho cowUlon opinion 
of lIuturniisis is correct, mundy, that all h(wo descended 
frolll the rock-pigeon (Columba livin), including under 
thi.s term 8e"cral geogmphicnl races or sub-spcdcs, which 
diffcr from cach other in tho most trifling respcets, As 
sc,'cml of tho rca&Ons which ha,'o led me to tllis belief 
are in some degree applictl.ble ill other ctl.SC8t I will hero 
briefly gi,'c them, If the severo} breeds arc not ,'arietiCl'4, 
and have not proceeded from tho rock-pigcon, they must 
harc descended from at least 8e"en or eight aboriginal 
stocks; for it is illlflO!i8ible to make tho present domestic 
breeds by the crQ1<~ing of IIny lesser number: how, for 
instance, could a pouter be produced by crossing two 
breeds ulllt~ onc of the pareut-stocks ~ the 
cllnrt\cteri~tic enormous crop? 'fhe supposed aboriginnl 
stocks mu.st all have been rock-pigeous, tJlat is, not 
breeding or willingly perching on trees. But besides 
C, liria, with its goof,'TllphicIlI sub-species, ollly two or 
three other species of rock-pigeons arc known; and these 
have not any of tIle characters of tho domestic breeds, 
li enee tho supposed aboriginal stocks must either still 
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exist in the countries where they were originally domes
ticatcd, lllld yct be unl.-nOIl'Il to ornithologists; and this, 
CQn~idoring their size, habits, and reZllarkable characters, 
seems very improbable; or tbey must Imve become 
extinct in the wild state. But birds breeding on preci
pice~, hnd good /liers, are unlikely t.o be exterminated; 
llnd the common rock-pigeon, which has the ~ame habits 
with the domestic breeds, has not been extf'rminated 
e"l"cn on several of tile smnller British islets, or on the 
shores of the Mediterranean. Hence the supposed ex
termination of so mnny species having similar habits 
with the rock-pigeon seems to be 0. very rash fl.ssump
tion. i\[oreover, the se\-eral abo\'e-named domesticated 
brpeds have been transported to nil parts of the world, 
lind, therefore, Borne of them mllst have beeu carried 
back again into their native COUll try ; but not one Jlas 
evcr become wild or feral, though the dovecot-pigeon, 
Wllich is the rock-pigeon in n very slightly nltercd state, 
11M become fernl in severnl place~. Again, all recent 
experience shows that it is difficult to get nny v.-ild 
animal to breed freely under dome:;tication; yet, on the 
hypothesis of the multiple origin of our pigeons, it must 
be nssumed that at. least seven or eight species were so 
thoroughly domesticated in ancient times by half-civi
lized man, 118 to be quite prolific under confinement. 

An argument, o-s it BeOIllB to me, of great weight, and 
applicable ill several other cases, is, that the above
spC<!ificd breeds, though agreeing generally ill constitu
tioll, Imbits, voice, colouring, and in mOBt parts of their 
sirncturc, with the wild rock-pigeon, yet Ute certainly 
highly abnormal in otller parts of their structure; we 
mny look in vain throughout the whole great fnmily of 
Columbidro for a beak like that of tIle English carrier, 
or thnt of the "hort-faced tumbler, or barb; for reversed 
feathers like those of the Jacobill; for a crop like that 
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of the pouter; for jail·feathers like those of t110 fantail. 
Henco it must be assumed not only that hilif-ci,-ilizoci 
man succeeded in thorougMy domesticating several 
species, but that be intentionally or by chance picked 
out extraordinarily abnormal species; and furtllcr, that 
these vcry species have since all become extinct or UII 

known. .80 many strange contingencies Ilro improbable 
in tho highest degree. 

Some facts in regard to the colouring of pigeoll8 well 
deserve consideration. Tho rock-pigeon is of a slaty
blue, and has a white croup (tho Indian 8ub-Bpecies. 
C. intermedin of Strickland, having it bluiBh); the tail 
has a terminal dark bar, with tho bo.scs of tho outor 
feathel'B externally edged with white; tho wings have 
two blnck bars: 80me semi-domcstic breods. Ilnd some 
8IJPsrently truly wild breeds, have, besides the two 
black bars, the wings chequered with black. 'l'hese 
severnl marks do not occur together in ally other species 
of the whole family. Now, in everyone of the domeatic 
breeds, taking thoroughly well-bred birds, aU the above 
marks, eY<m to the white edging of the outer tail
feathers, sometimcs concur perfectly developed. ?troro
over, when birds belonging to two or moro distinct 
hreeds are crossed, none of which are blue or bayc any 
of the above-spocificd marks, the mongrel offspring are 
vory apt suddenly to acquire these character.!. To give 
ono installce out of severnl which I ha,·o observed :-1 
crossed some whito fantails, which breed very true, with 
some black barbs-nnd it 80 happens that blue varieties 
of barbs are so rare that I never heard of an instance ill 
England; and the mongrels were black, brown, and 
mottled. 1 also crossed a barb with a spot. which is a 
white bird with a red tail and red spot on the forehead, 
and which notoriously breeds very true j the mongrels 
were dusky and mottled. I then crossed one of the 
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mongrel barb-fa.ntails with a mongrel barb-spot, and 
tlu.'y produced a bird of as beautiful a blue colour, with 
the whim croup, double black wing-bar, and Larred and 
white-edged tail-feathers, as any wild rock-pigeon I We 
can understand these fnets, on the well-known llrinciple 
of reversion to ancestral chamcters, if all the domestic 
breeds have descended from the rock-pigoon. But if we 
deny this, we must make one of the two following highly 
improbable suppositions. Either, firstly, that all the 
severoJ imagined aboriginal stocks were coloured and 
marked like the rock-pigeon, although no other existing 
species is thus coloured and marked, so that in each 
sepamte breed there might be !l. tendency to fe.ert to 
the vcry same colours and markings. Or, sceondly, 
that each breed, even the purest, has within a dozen, or 
at most within a !!COre, of gcne.rntiollB, becn crossed by 
the rock-pigeon; I say within !l. dozen or tWCllty genera
tiOIlS, for we know of no fact countcllnllcing the belief 
that the child ever reverts to BOmo one nncestor, removed 
by 11 greater number of generations. In IL breed which 
has been crossed onlyollce with some d.i:.tinct breed, the 
tendency to re,'ersion to any chameter deril'ed from 
such ('.ross will natllmlly become lese amI less, us in euch 
stlcccoding genamtion there will be less of the foreign 
blood; bnt when there hns been no cross with 0. distinct 
breed, and t]lero is a tendcncy in both parents to re.ert 
to 0. character which lIas bet>n lost during some former 
generation, this tendency, for all that we can see to the 
eGutrary, may be transmitted undiminished for an inde
finite number of generations. The.sa two quite distinct 
cases are often confounded by those who have written 
on inheritance. 

Lastly, the llybrids or mongrels froUl between all the 
domestic breeda of pigeons arc perfectly fertile. I can 
state this from my own observations, purposely made, 
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011 tho most distinct breeds. Now, it is difficult. per
haps impossible, to bring forward QIlO case of tho hybrid 
offspring of two animals clearly dutilla being them
IIOlves perfectly fertile. Some authors beli(we that long
continued domCllticntion eliminates this strollg tendency 
to sterility: from tho history of the dog, Bud of some 
other domestic animals, tht:rc is great probability in 
tlUs hypothClJs, if 811plied to species closely related to 
oa.ch other, though it is unsupported by a !>illgle experi
ment. But to extend the hypothesis 80 f!u as to sup
pose that species, aboriginally as dilStillct aa carriers, 
tumblers, pouters, and fun tails now arc, should yield 
offspring perfectly fertile inter It, seems to mo ra,,;h ill 
tho extreme. 

From these 8e\'crol reasons, namely, 1110 improbability 
of lllUIl having formerly got 80\'011 or (>ight supposed 
species of pigeons to breed frocly under domestication; 
these supposcd species being quite unknown in a wild 
state, atld their becoming nowhere feral; these species 
having "cry abnormal cilamcters in certain respects, as 
eomparcd with all other COlUlllbidro, though 80 like in 
lllost other r£'spccts to the rock-pigeon; the blue colour 
and various black marks occasionallyappen.riJJg in all 
the breeds, both when kel,t pure and when crossed; 
the mongrel offspring being perfectly fertile ;-from 
thesc scyerul reasons, taken together, we may BIl.fely 
(:onclude tllat all our domestic Lreeds have deSC(luded 
from the Columbu livia with its geographical sub
species. 

I n fa\'our of tllis view, I may add, firstly, that C. livia, 
or the ro<"k-pigeon, hM been found capable of domcstica
tion in Europe and in India; and that it agrees in habits 
and in a great number of pointe of structure witb all 
the domcstic breeds. Secondly, although an English 
carrier or a short·fllcod tumbler diffcI1I immensely in 
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ccrtml! ehamelers from the rock· pigeon, yet by com-
11I!ri"g tho sevcrnl sub-breeds of tlleAC varieties, more 
e>;pedally those brought from dir.trmt countriclI, we can 
mako in these two cascs, 'lUld in aollle but uot in all 
other elUle!l, an almost perfect series between the ex
tremcs of structure. 'l'hil'dly, thoso cllamctCI"8 which 
nrc mainly distinctive of each breed, for illSt.auce the 
J\'ilttle and length of beak of the ('arrier, the shortness 
of that of tbo tumbler, and the number of tail-feathers 
in the f!'lIllail, are in each breed eminently variable; and 
the explanation of this fact will be ob\'ioll8 when we 
come to trent of Selection. Fourthly, pigeons have 
bt:cn wntclled nud tended with the utmost ('are, and 
lored by many people. 'fhey have been domcsticated 
for thousands of years in several quarters of the world; 
the earliest known record of pigcons is in the fifth 
Ai:gyptinll dylU15ty, about 3000 B.O., ns was pointed Ollt 
to mo by Professor Lepsins; but MI'. Dirch informs me 
that pigeons nro given ill a bill of faro in tho llreviou8 
dynll.!lty. In the time of the ROmal15, as we hear from 
Pliny, immeusc prices were given for pigeons; "nay, 
thoy Aro como to this pass, that thoy can rtX!kon up 
their pedigree and race." Pigeons were much yalued 
by Akber Khan in India, about tho year 1600; never 
k">\S than 20,000 pigeons were taken \\ith the court. 
"Tho monarchs of Irall nnd ~I'ural) sent him some very 
raro birds;" and, continuos the courtly historilln, "His 
Majesty by crossing tho breeds. wllich method was 
never prActised before, has improved them nstonis.h
ingly." About this Slime period Ihe Dutch wero os 
eager about pigeons /18 were the old Romans. The 
partlmount importance of these considerations in ex
plaining tbe immense amount of '-ariation which pigeons 
havo uudergone, will be obvious when 11'0 lroot of Sele<:
lion. We shall then, also, 800 how it is that Ule SCleral 

© The ComDlete Work of Charles Darwin Online 



30 OO~IE:.TIO PIGEONS. ell"1'./. 

breeds so orten have a somewhat monstrous character. 
It is also a most f/wourable circumstance for the pro· 
duation of distinct broeds, that male and fornnlc pigeous 
can be easily matod for life; Ilnd thU3 ditTerent breeds 
can be kept together in the SCLme aviary. 

I have discussed the probable origin of domestic 
pigeons at some, yet quite inSllfficient, length; because 
when I first kept pigeons and watched the 66\'Onll 
kind3, well knowing how truly they breed, I felt fully 
as much difficulty ill believing that since tJ10Y Jmd been 
domesticated they had all proceeded from a common 
parent, as any uaturawt could in coming to a similar 
conclnsion iu regard to the ml\lly species of finches, or 
other large groups of birds, in uature. One circum
stance has struck me much; namely, that nearly all 
the breeders of the variolE domestic animals and the 
cultivators of plantB, with whom I have CQllversed,or 
whose treu.tises I have rend, afe firmly convinced that 
the several breed! to which each hIlS attended, are de
scended from 80 many aboriginally distinct species. 
Ask, as I have asked, 0. celebrated raiser of Hereford 
cattle, whother his cll-We might not havo descended 
from Long-horns, Of both from 0. common parent-stock, 
and he will laugh you to 800rll. I have never met a 
pigeon, or poultry, or duck, or rabbit fancier, who was 
not fully conviuced that each main breed W!\S descended 
from a distinct species. Van Mons, in his treatise on 
pe8n1 and apples, showl! how utterly he disbelieves that 
the several sorts, for instanC6 0. rubaton-pippin or Coolin
apple, could ever have proceedod from the seeds of the 
same tree. Innumerable other examples could be gi,'en. 
The explanation, I think, is simple: from long-continued 
study they are strongly impresser.l with tIm differences 
between the several races; and though tlley well know 
that each mee varies slightly, for they win their prizes 
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by lleleeting such slight dilTcrenoee. yet they ignore aU 
~ncml arguments, ond rofulJ(l to 8um up in their minds 
alight dilTcrenCCfl accumulated during manyauC<!ceah"o 
E,"cut>ratioll8. May not th086 naturalilt. 'Wbo, knowing 
rar Ie. of the 1a"'11 of inht·ritanee than does the breeder, 
and knowing no more than he docs of the intermediate 
link. in the long lines of dCBCCnt, yet admit that many 
of Ollr domestic races have descended from the same 
118l"t'nlB-may tboy not learn a. lesson of caution, when 
they deride the ideo. of apecies in a state of nature being 
linf'al dcecendantll of other speciea ? 

Pri",cip/a Df &lutiort. anf:i"'tl~ followd, tntd lAet.'r 
Iff""'· 

Let u& now briefly consider the stepe by which do
m('!ltir nce8 have been produced, either from one or 
from lICveral allied spedca. Some little e£foct Dlay be 
attributed to tlle direct netion of the external conditioll8 
of life, and Mme little to habit; but II(' would be a bold 
man ",·bo would &C(:ount by luch agenciel for the diO"er· 
elK'l" of a dray and race horae, a greyhound and blood· 
hound, a carrier and tumbler pigeon. One of the mOilt 
remarkable features in our domesticated mcea is that 
.... e ICe in them adoptotion, not indeed to the animal', 
or piant'il O'lm good, but to mon'lI uee or fall!!y, Some 
variatiou8 useful to him ha\'e probe.bly oriscn 8uddenly, 
or by one 8tep; many botauist&, for instance, believe 
that the fuller', teaBel, with ita 11oob, whieh cannot 
be rivalled by any 1ll000hanical contrivance, ia only a 
nritlyof the ""ild Dipe8eus; and thi8 amount of ehange 
may ha\"e suddenly arillen in a lCedling. .& it hal 
probtlbly been with the tum~it dog; and thi. ia known 
to have been tho ease with the ancon IhCCI). nut ,,\en 
we comlwe tho dray·llOl'86 and rflOOoohor&.', the drome
dary and camel, the various breeds of 8bet>p flw,.u either 
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(or cultivated land or mountain pasture, with the wool 
of one breed good fol' one purpose, and that of nuother 
breed for another purpose; when we compare the mnny 
breedB of dogs, ench good for mnn ill very different 
wars; when we compure the gnme-cock, 80 pertinacious 
in battle, with oilIer breeds so little qURrrelsome, with 
" everlasting lnyers" which never desiro to sit, and with 
the bRntam so smaU alld elegant; when we compare 
the host of agricultural, culinury, ordlal'd, and flower· 
garden races of plant/.l, most useful to mUll at difi'erCllt 
seasons aud for difrerent purposes, or so beautiful in his 
eyea, we must, I think, look further than to mere vari
ability. "Ta cannot suppose that all the breeds were 
suddenly produced as perfect and u.s llSCfulo.s we now 
Beo them; indeed, ill many CUSCB, wo know that tllis 
has not been their history. The key is man's power 
of accumulative selection: nature gives successive vari· 
alious; mau adds them up iu certain dit'(lctions useful 
to him. In this sense he may be said to have made for 
himself useful breeds. 

l'he great power of this principle of selection is not 
hypothetical. It is ccrtain that several of our eminent 
breeders have, even within n. single lifetime, modified 
to a la.rge extent some breeds of cattle and sbeep, In 
order fully to realise what they have done, it is almost 
llocessnry to read sevcral of the many treatises devoted 
to this subject, and to inspect the animals. Breeders 
habitually speak of flU animal's organisation as some.. 
thing quite plastic, which they can model almost os 
they please. If I had space I could quote numerous 
passages to this effect from highly competent authorities, 
YOUlltt, who was probably better acquainted with the 
works of agriculturists thun almost allY other individual, 
and who was himself a very good judge of flU animal, 
speaks of the principle of selection as "tbat which en-
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abIes the agriculturist, not only to modify the character 
of Ilis flock, btlt to change it altogether. It is the 
magician's wand, by means of wllieh he may summon 
into life whatever form and mould he pleases." Lord 
Somerville, speal;ing of what breeders have done for 
sheep, says :~" It would seem as if they had chalked 
out upon a wall 0. form perfect in itself, and then had 
given it existence." 'l'hnt most skilful breeder, Sir John 
Scbright, IIsed to say, with respect to pigeons, thnt "he 
would llfoduce nlly givon feather in three yontS, but it 
would take him six years to obtain llend und benk." In 
Suxony the importance of the principle of selection in 
regard to merino sheep is 80 fully recognised, that men 
follow it as a trade: the sheep are placed on a table 
and are studied, like a picture by a connoisseur; this is 
done three times at intervals of months, and the sheep 
ate each time marked find classed, so that tho very best 
may ultimately be selected for breeding. 

WhntEnglish breeders lHlve actually effected is proved
by the enormous prices given for animals with Il. good 
pedigree; and these hn\'e now been exported to almost 
evcry quarter of the world. The improvement is by no 
mCflns generally due to crossing differellt breeds; all 
tho best breeders are strongly opposed to this practice, 
cxcept sometimes amongst closely allied Bub·breeds, 
And when a cross bas boen made, the closest selection 
is far more indispensable even than in ordinary cases, 
If selection consisted merely in separating 6OIOe very 
dislinct variety, and breeding from it, the principle 
would be BO obvious as hardly to be worth notice; but 
its importance cousists in tl10 great effect produced by 
the accumulation in one direction, during successivo 
generations, of clilferenceR absolutely inappreciable· by 
au uneducated eye-differences which I for one h{we 
vainly attempted to flppreciate. Not ono man in a 

03 

..... ___ ©Jhe Complete Work of Charles Darwin Online 



Clu.I'.1. 

thousand has accumcy of eye and judgment sufficient 
to become an eminent breeder. If gifted with these 
qualitiO!l, and he studies his subject for years, and de
votes his lifetime to it with iudomitable perseverance, 
he will succeed, and may make great improvements; if 
he wants any of these qualities, he will assuredly fail. 
Few would readily believe in the natural capacity and 
years of pmctice requisite to become eve" a skilful 
pigeon-faucier. 

'l'he same principles arc followed by horticulturists; 
but the variations are here often more abrupt. No oue 
8Uppo8O!I that our choicest productiollil have been pro
duced by a single variation from tho aboriginal stock. 
We have proofs that this is not SO ill some Ca8CS in 
which exact records have been kept; thus, to give a 
very trifling instance, the steadily-increasing size of the 
common gooseberry may be quoted. We 800 an asto
nishillg improvement in wally florists' flowers, when the 
flowers of the present day are compared with drawillgs 
made only twenty or thirty years ago. When a race or 
plant!! i,g onco pretty well established, the seed-raiscrs 
do not pick out the best plant!!, bllt merely go O\'er 
their seed-bc<L", and pull up the" rogues." as they call 
the plants that deviate from the proper standard. With 
animals this kind of selection is, in fact, also followed; 
for hardly any olle is 80 careless as to nllow his worst 
animals to breed. 

In regard to plants, there is another means of ob
serving the accumulated effects of selection-IIIl1Dely, 
by oomparing the diversity of flowers ill the diffcrcnt 
varieties of the same species in the flolVer-garden; the 
diversity of leaves, pods, or tubers, or whatever part is 
valued, in the kitchen-garden, in comparison with the 
flowers of the same varietics; and the diversity of fmit 
of the same species in the orchard, iu comparison with 
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the Ica"e8 and flowers of the same set of varieties. See 
how different the loaves of the cabbage aro, and how 
extremely alike the flowers; how unlike the flowers of 
the hcartsea8e are, and how alike the leaves; how much 
tho fruit of the different kinds of gooseberries differ in 
size, CQlour, shape, and hairiness, and yet the flower@ 
present ,'ery slight differenc<l8. It is not that the va
rieties which differ largely in somo one point do not 
differ at all in other points; tIl is ~8 hardlyever,-I speak 
after careful obscrvation,-perbaps never, the case. The 
laws of CQrrclation of gto",th, the importance of whieh 
should never be overlooked, will ensure /lOme differ
euces; but, aa a general nul:!, I caonot doubt that the 
continued selection of slight vnriations, either in tho 
leal'es, the flowers, or the fruit, will produce races dif
fering from e3<.'h other chiefly in these characters. 

It may be objccted that the principle of sc1ection baa 
bePn reduced to methodical prnctice for searcely more 
tban three-quarters of a century; it llas certainly been 
more attended to of late years, and mnny treatises lu,,'o 
been published on the subject; and tIle result has been, 
in a CQrrcsponding degree, ropid and important. 1311t 
it is very far from true that the IJrillciple is a modern 
discovery. I CQuld gh'e Beveral references to the full 
acknowledgment of the importance of the principle in 
works of high antiquity. In rude and barbarous periods 
of English history choice an.imals were often imported, 
and lawa were passed to prevent tbeir exportation: the 
destruction of horses under a certain size was ordered, 
and this may be compared to the" roguing" of planla 
by nurserymen. 'l'he principle of selection J find 
distinctly given in an ancient Chinese encyclopredilL 
Explicit rules are laid down by some of the Homan 
clll8Sicll.l writers. From passages in Genesis, it is clear 
that the colour of domestic animals was at that early 
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period attended to. Savages now I30metimes cross their 
dogs with wild canine animals, to improve tho breed, 
aud they formerly did 130, as is atte~ted by passages in 
Pliny. 'rhe Bavages in South Africa match their draught 
cattlo by colour, as do 8Omo of the E:;quimaux their 
tcaml! of dogs. Livingstone shows how much good 
domestic breeds are mlued by the negroes in the interior 
of Africa who lun-o not a.'~!lociated with Europelllls. Some 
of these facts do not ~how actual soloction, but they 
show that tho brcedillg of domestic allimals wn.s carefully 
attended to ill nnf'iont times, Ilnd is now attended to 
by tho lowest sa"agCl!. It would, indeed, ha'-e been a 
strange (act, bad attention not been paid to breeding, for 
the inberitiUlco of good and bad qualities is 80 obvious. 

UnMiICiotu&kdiim. 
At the proscnt time, eminent brC<!ders try by 

methodical sclection, with a distinct object in view, 
to make a now straiu or sub-breed, superior to any· 
thing existing in tho country. But, for our purpoec, 
a kind of Selection, which may be called Unconscious, 
and which re8ulte from e,-ery one trying to po&SCSS 

and breed from the best individual animals, is more 
important. Thlls, a mall who intends keeping pointers 
Illlturolly tries to get as good dogs as ho CllD, and 
afterwards breeds from his own best dogs, but he has 
no wish or cxpocto.tion of permanently altering the 
breed. Nevertheless wo may infer that this procel'8, 
coutinued during centuries, wonId improve and modify 
any breed, in tho f!l\mo way 88 Bakowell, Collins, &-c., 
by this very sarno procC88, only carried 011 moro method· 
ieally, did greatly modify, even during their own life· 
times, the forms and qualities of their cattle. Slow and 
inscnsible changes of this kind could never be recog. 
nised unless actual moosurements or careful drawings 
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of the breeds in question had beeu made long ago, 
which might serve for comparison. In some cases, how
ever, unchanged, or but little changed individuals of 
tbe 8ll.me breed may be found in l~ civilised di.:ilricts, 
where the breed has been less improved. 'l'hero is 
reason to believe that Killg Charlcs's spaniel lms booll 
unconsciously modified to a largo extcnt since the time 
of that monarch. Some highly competent authorities 
are {'{)lI.vinced that the setter is directly deri\'ed from 
the spaniel, aud has probably been slowly altered from 
it. 1t is kllOWll that tho English pointcr IJflS been 
greatly cbaugoo within the last ceutury, and iu this 
case the chango has, it is believed, been chiefly elrccted 
by crosse!! with the fux-hound; but what concerns ns 
i3, that the change has been effected unconsciously and 
gradually, and yet so efl'ectnally, that, though the old 
Spanish poiuter certainly came froIll Spain, Mr. Borrow 
IUls not seen, o.s I um informed uy him, uny llutive dog 
in Spain like our pointer. 

Bya similar process of selection, and by careful train
ing, the whole body of English racehorse5 have come to 
surpass in fleetness and size ille pareut Amb stock, so 
that the latter, by the regulations for tho Ooodwood 
Races, are favoured in the woights they enrry. Lord 
Spencer and others ha,e shown how the cattle of Eng_ 
land have increased in \veight and in enrly maturity, com
pared with tbe stock formerly kept in this country. By 
comparing the accounts given in old pigeon treatises of 
(:arriers and tumblers with these breeds o.s now existiug ill 
Brilain, India, and Persia, we can, I think, clenrly tmco 
the stages through which they lUl\'e insensibly passed, 
and come to differ so greatly from the rock-pigeon. 

Youatt gives an excellent illustmtiOD of the elTt'cts of 
a t'ourso of selection, which may be considered as un
consciously followed, in so far tbat the breeders could 
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never hlH'o expected, (lr even have wished, to produce 
the result which ensued-namely, tho production of 
two distinct stmin&. ~'ho two flocks of LciOCiJtcr shacp 
kept by Ur. Buckley and Mr. Burgess, Il8 Mr. Youatt 
remarks, "have been purely bred (rom the original stock 
of Mr. Dakewell (or upwards of firty years. Thero is 
not a suspicion existing in tllO mind of anyone at all 
acquainted with the 8ubject that the owner of either of 
them has doviated in ally one instance from the pure 
blood of Mr. Bakewell's flock, aud yet the diiTcrcnee 
hctween tho sheep posaossed by these two gentlemen is 
so great that they have the appearance of being quite 
diiTcrcntY"rietics.." 

If tbere exist savages 90 oorbarous Il8 never to think 
of tho inlleritcd character of tho offspring of thcir do
mestic animals, yet any one animal particularly useful 
to them, for any spociul purpose, would be carefully 
preserved during famines aud other accidents, to Wllich 
8il.l'ages are flO liable, and snch choice animals would 
t1m;t generally lef!,m more offspring tban the inferior 
oncs; 90 that in tltis C88C there would be a kind of un
conscious selection going 011. We see the val uo set on 
allimals even by tho barbarians of Tierm del Fuego, by 
their killing and devouring tbeir old women, ill times of 
dearth, as of Jess value than their dogs. 

In plants the same gmdunl process of improvemcnt, 
through the occas.iollnl prcsermtion of the best indivi
duals, whether or not sufficiently distinct to be ranked at 
their first appcamnoo as distinct vnrieties, and wheUlcr or 
not two or more 8pct'ies or mces have become blelldod 
together by croBlling, may plainly be recognised in the 
incrt'ased sil'.e nnd beauty which we now 8eO ill the vn
ricties of the heartscasc, rose, pelnrgollium, dahlia, nnd 
other plants, when compared with the older varietics or 
with tbeir purcllt·stocks. No one would evcr expect to 
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gt't a first·n.to heart..;cuc or dahlia from tho ICed of a 
wild plant. No one would eXpe<'t to n.i!16 a first-n.to 
melting pear from tho seed of the wild pear, though 
be might succeed from a poor IJOCdJillg growing wild, 
if it bad como from a garden-stock. The peer, though 
cultivated ill claMieal times, appool'll, f.rom Pliny's de
.eription, to have been a fruit of very inferior quality_ 
I have seen great surprise exprellJlCl.i in hortirulturnl 
works at tho wonderful skill of gardeners. in luwing 
produced sueh splendid NlI!ults from such poor mat€riaI8; 
bot the art ha.s been simple, and, 88 far &8 the final 
mlUlt is concerned, haa been followed aimOfit unCOll
Idou.s.ly. It has coDskited in always cultivating tho best 
bO"'n variety, 80wing itll seed;,.. Md, when a IIlightly 
better variety has chanced to appear, aelecting it, and 
10 onward&. But tbe gardeners or the c1a8/1i<1l1 period, 
who eultimted the bc!it pear thoy could pro<'ure, never 
thought what splendid 1ruit we should cat; though wo 
owe our es:oellent fruit, in some small degree, to thcir 
haloing naturally cboeen and pre6Cned the ~t varieties 
tbey could anywhere find. 

A lurge amount of change in our cultivated plants, 
tlms slowly and uncoll8Ciously accumulated, cxplains, all 

I belio'fc. the well-known fact, that in a vast. number or 
CU8I!J we cannot reoognille. and therefore do not Irnow, 
tho wild IlntCut.stocks of the plants which hnve been 
longest cultivated in our flower aud kitchen gardens. 
II it has taken centnri(.'8 or thOllMnda of yean to im
proye or modify most of our plant. up to their present 
ltandard of ulICfuhleS8 to man, we cnl! undcrstllud how it 
it that neither Australia, the Cape of Good HojX'. nor 
&Dy other region inhabited by quite uncirilik...i man, has 
aft'orded U8 a single plant worth culture. It WIiOt that 
th616 countries, 80 rich in SpcciCII, do not by 1\ strange 
chance JlOIIIM*I the aooriginalstockJ of ally WlCful plaula, 
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bllt tbnt the nati,'C plants have not been improved by 
contiuued selection tIP to a standard of perfection com
Ilarnblc with tllll.t given to tho plnDts in countries an
ciently civilised. 

In regard to the domestic animals k,~pt by uncivilised 
man, it should not be overlooked that they nlmost 
always hnvc to stmggie for their own food, at lcnst 
during certain sensons. And in two countries very dif
ferently ein'umstanced, indiriduals of the MillO specice, 
haying a.l ightlydilTl·rclIt constitutions or structure, would 
often sucreed better in tho one country tlmn in tho 
other; and thus by a process of "natural selection," as 
will hereafter be moro fully explained, two 8ub-brecda 
might be formed. This, pcrlmp8, partly explains whn.t 
hM been remarked by some autbors, namely, tbat the 
yarictics kept by S/L"oges biLYe more of the character of 
species than the vari('ti(>& kept in eirilised countries. 

On the Yiew hero given of the all-important part wbieh 
selootion by mau has played, it becomes at once obvious, 
how it is that our domestic races t;how adaptation in their 
IOtructure or in their habite to nlOIl'd wants or fancies, 
'Vo can, I tllink, further understand the frequently 
abnormal character of our domestic race~, and likewise 
thcir differcnces being so great in extenml chamcters 
and relath'cly so slight in internal parts or organs. 
Man can hardly st'lcct, or only with much difficulty, nny 
deviation of struc:turo excepting such as is externally 
visible; and indeed be rarely cares for what is internaJ. 
lIe can never act by selootion, excepting on ,'ariaHons 
which are fi rst given to him ill some s.light degree by 
nature. No man would ever try to make a fantail, till 
he 8Ilwa pigeon with a tail developed in some slight 
dcgree ill an unusual manner, or a pouter till he saw a 
pigeon with a crop of somewhat unusual size; and the 
more abnonnal or unusual any character WW! whcn it first 
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appeared, the more likely it would be to cntch his atten
tion. But to use such an- expres:;ion as trying to mako 
0. fantail, is, I have no doubt, in moat cases, 4tterly in
correct. The man who first selected 0. pigeoll with 0. 

slight! y larger tail, never dreamed what the deseemlll.llta 
of that pigeon would become through long-continued, 
partly unconscious and partly methodical selection. 
Perhaps tile parent· bird of nil fantails had only fourteen 
tail-feathers somewhat expanded, like the prescnt Java 
fantail, or like individunls of other and distinct breeds, 
in which as mnny as seventeen tail-feathers have been 
counted. Perhaps the fio;t pouter-pigeon did not illfiato 
it1l crop much IUore than tbe turbit now does the upper 
part of its ccsophagus,-a habit Wlli('h is disregarded by 
all fanciers, as it is not one of tho points of tho breed. 

Nor let it be thought that some great deviation of 
structure would be necessary to calch the funcicr's eye: 
he perceives extremely small dift'crenccs, and it is in 
human nature to value any novelty, however slight, in 
one's own possession. Nor must tho yalue which would 
formerly be set on lilly slight diffm'cnces in tho indivi
duals of the sume species, be judged of by the value 
which would now be sot on lhem, after several breeds 
hayti once fairly been established. Many slight differ
ences might, nnd indeed do noll', arise amongst pigeons, 
which arc l'ejected as faults or deviutiolls from the 
standard of perfection of each breed. TIle common 
goose hag not given rise to any marked varieti~; hence 
tlle Toulouse and tho common breed, which differ only 
in colotlr, tlJut most flceting of ch!U'acters, havo lately 
been exhiLitod as distinct at our poultry-shows. 

I think these news furtherexplnin whst bas sometimes 
been noticed-namely, that we knolV nothing about the 
'Origiu or history of ally of our domestic breeds. But, in 
fact, a breed, like a dillicct of 0. language, can hardly bo 
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Mid to ha"e had a definite origin. A man preserves And 
broods from nn individual with some slight deviation of 
structure, or takes more care than usual ill matching his 
best animals, and thus improl'ee them, aud tho improyed 
individuals slowly spread in the immediate neighbour
hood. But Il8 yet they will hardly huyc fL distinct name, 
(Illd from being only slightly valued, their history wiU 
be disregarded. When further improved by the same 
slow amI gradual. procces, they will spread morc wid('iy. 
and will get recognised as something di,;tinct Bud va lu
able, and will then probo.bly first rccCil'C a provincial 
Ilame. In scmi-cj"ilised countries, with little (ree com
munication., the SIJreading and knowledge of any now 
Rub-breed would be a IIIow Pl'OCOSll. As soon as the POillts 
of value of tho new 8uh-bree<1 are ouce fully acknow
ledged, the principle. ns I have called it, of II11COnsciollB 
selection will always tend,-perliape more at one period 
tbllll at onother, as tile breed rifICII or falls in fHBhioll,
perhaps moro in one district thall in another, according 
to the state of civilisation of the inhabjtants.~lowly to 
I\dd to the eluu'8ctcri..ltic featu1'C!!1 of the breed, whate,·er 
they may be. nut thQ chance will be infinitely small of 
any record having been IlreSl'rvoo of such SIOlI·, varying. 
and inseIUlible cbangeL 

Oircumat.an«IJ faoourahk to Man', Power of Sekctwn. 

I must now say a few words on the circumstances, 
favourable, or the r61·erse. to man's power of selection. 
A high degree of yariability is obvioUl'Jly favourable, as 
freely giving the materials for Relection to work on j 
not tJI3t mere individual differenoos are not amply 8uf· 
ficient, with extreme care, to allow of tlle accumulation 
of a large amount of modifieation in almost any desired 
direction. But as variations mauifestly useful or pleasing 
to man appear only occasionally, the chanoo of their 
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appearance will be much increased by a large number of 
individuals being kept; and honee tills comes to be of 
the highest importance to success. On this principle 
llll.rsha.ll formerly remarked, with respect to the sheep 
of parts of Yorkshire, that, "1\8 they generally belong to 
poor peoplo, and are mostly in 8mall loU, they never 
can be improved." On the other Illlnd, nurserymen, 
from raising large stocks of the SIUIle plants, are gene· 
rally far more successfu.1 than amateurs in getting new 
fLnd valuable varieties. The keeping of a lnrgo number 
of illdi\'idunlB of a. species in any country requires that 
the species should be placed under fnxourable conditiOllil 
oClife,80 as to breed freely in that country. When the 
individuals of any species are scanty, all the individnals, 
whntever their qltality may be, will generally be allo"'ed 
to breed, and this will effectually prevent selection. 
nut probably the most importnnt point of all is that the 
animal or plant should be so highly useful to man, or 
80 much valued by him, tlmt the closest attention is 
paid to even the slight-est devia.tion in tho qua.lities or 
structure of each individual. Unless such attention 
be paid nothing can be effected. I Imve seen it gravely 
remarked, thnt it was most fortnnate thnt the straw· 
berry begnn to yary ju.:.-t when gardeners began to at
tend closely to this plant. No doubt the strawberry 
had nlways vnried since it was cultivated, but the slight 
varieties lind been neglected. As soon, however, as 
gardeners picked out individunl Jllante with slightly 
lnrgcr, earlier, or better fruit, aud rnisod seedliugs from 
them, and agaiu picked out the best seedlings and bred 
from them, then, there appeared (aided by somo crossing 
with distinct species) those many admirable varieties of 
the strawberry which havo been rnised during the last 
thirty or forty yoars. 

In the case of animals with separate sexes, facility in 
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preventing crosses is nn imp0l1ant elemont of success 
ill the formation of new races,-Ilt Jen.st, in Il country 
which is already stocked with other rnccs. In this re
spect cnelosure of the land plays a part. "Tnndering 
SlLvag:es or the inhnbitants of open plains rarely possess 
more than one breed of the sumo species. PigeollS can 
be mated for life, and this is a great convenience to the 
fancier, for thus mfllly races may be improved and 
kept t.nlC, though mingled in the same aviory; and tbis 
circlllUst(lnee must 11IlVO I(lTgely favoured the formation 
of new breeds. Pigoons, I may add, call be propagated 
in great numbers and at n. very quick rato, and inferior 
birds may be freely rejected, as when killed they serve 
for food. On the other lland, eats, from tllcir llocturnal 
rambling habits, canllot be easily matched, and, anhough 
SO much valued by women and children, we hardly ever 
sec a distinct brced kept up; such breeds as we do 
sometimes sec are almost always imported from some 
other country. Although I do not doubt lh(lt some 
domestic animals ,·ary less than others, yet the rurity 
or absence of distinct broods of the cat, the donkey, 
peacock, goose, &c., may be attribllted in main part to 
selection not having been brollght into play; in cats, 
from the difficulty in pairing them: in dOll keys, from 
only a few being kept by poor people, and little atten
tion paid to their breeding; for recently ill certain parts 
of Spain and of the United States this animal has been 
surprisingly modified and improved by careful selection; 
ill peacocks, from not being .ery easily reared and a 
large stock not kept: in geese, from being minable only 
for two purposes, food and feathers, iUld more especially 
from no pleasure llavillg been felt in the display of dis
tinct breeds; but tho goose seems to have a singularly 
inl!oxible organisation. 

'1'0 sum up on the origin of our domestic races of 

Rl The ComDlete Work of Charles Darwin Online 



SU~nlARY OF vAIllATrow. 45 

nnimals and pllUlts. I believe that the conditions of 
life, from their action on the reproductive system) are 
so far of tho highest importance as causing variability. 
It is not probable that variability is an inherent and 
nccessary coutingency, under all circumstances, with all 
organic beings, as some authors hO.l'e thonght. Tho 
etl'eets of variability are modified by varions deg!'ees of 
inlleritance and of reversion. Variability is go\'erned 
by many unknown law"B. more especi!llly by that of cor
relation of growth. Something may be attributed to 
tllo direct action of the conditions of life. Something 
lIln.it be attributed to use and disuse. '1'ho final resuIt 
i~ thus rendered infinitely complex. In some ell8C5 tho 
intcrcrossing of species, aboriginally distinct, has pro-
buLly played an important part in the origin of our 
domestic breeds. \Vhen in any country several domestic 
broeds havQ once been establishod, their occasional in
tcrcrossing, with the aid of selection, llHs, llO doubt, 
largely aided in the formation of now Bub-breeds; but 
the importance of the crossing of vnrioties has been 
greatly exaggerated, both in regard to animals and to 
those plants which firo propa.,<>"tl.ted by soed. In plants 
which arc temporarily propagated by cuttings, buds, &c., 
the importance of the crossing both of distinct species 
and of varieties is immense; for tho cnlti\'ator hero 
quite disregards the extremo YRriability both of hybrids 
and mongrcls, aud the frequent sterility of hybrids; but 
the CilSeS of plants not propagatcd by seed are of little 
importance to us, for their endurnnce is only temporary. 
Over all tllese causes of Chungo I am cOllvinced that 
the accumulative action of Selection, whether applied 
methodically and more quickly, or unconsciously and 
more slowly, but more efficiently, is by far the predo
minant Power. 
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OHAP1'ER II. 

VAnLo\TIOS tnlDI:R NATURE, 

Variability - Individual differenOOll - Doubtful species - Wide 
ranging, much difl'lIlK'd, and commou species vary rnoot-Species 
of the larger genera in lllCh country vnly more fr..'quenUy thRIl 
the specie. oC the ADBller genem-:Mnnyof the lpecies of tbe 
larger genera I'I'lII'mblo varieties in bring ,'cry clOR[y,but un
equally, related to CllCh otber, flud in hn.ving rt'IItricted rD.ng~e, 

BEFORE applying the principles arrived at in the last 
chapter to organic beings in 0. state of nature, we must 
briefly discuss whether these latter are subject to any 
variation, 'i'o treat this subject at all properly, 0. long 
cataloguc of dry facts ought to be given; but these I 
shaH rcserve for my future work. Nor shall I here 
discuss the various definitions which have been given of 
lhe term sllccies. No one definition has as yet satisfied 
all naturalists; yet every naturalist knows vaguely what 
he means wben be speaks of a species. Geuerally tho 
term includes the unknown element of a distinct act of 
creation, The term" variety" is almost equally difficult 
to define; but here community of descent is alm08t 
unh'ersally implied, though it can rarely be proved. 
We have (1,180 what are called monstrosities; but they 
grnduate into varieties. By a morlBtrosity I In'csuIDo is 
meant some oonaidemble deviation of structure, gene
rally injurious to or not useful to the species. Some 
autbore use the term" variation" in a technicn.l sense, 
118 implying II. modification directly duo to the physical 
conditions of life; and .. variations" in this sense are 
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PIII'I)()::ie(1 not to be inherited: but who can say that the 
dwarfed condition of shells in tho brackish waters of 
tbe Baltic, or dwarfed plants on Alpine summits, or tbe 
thicker fur of an animal from fllr northwards, would 
not in some cases be inherited for at least some few 
gcllerotiolls? aud in this cnso I prcllumo that the form 
would be called n variety. 

It may be doubted whether sudden and great devia
tioDll of strncture such 88 we occasionally IJOO in our 
domestic productions, more especially with plants, flI'C 

e"l"cr penl1aucntJy propagated in a state of nature. 
Almo.<t every part of l:yery organic being is 80 beauti
fully related to if.;) complex conditions of lift"! that it 
&ecmll as improbo.ble that any port should have been 
ludcleniy produced perfect, as that a complex machine 
mould have been invented by mall in a perfect state. 
Under domestication monstrosities often occur which 
are comparable with normal structureR. TIlliS pigs ha\'e 
oftcn been hom with a sort of proboscis like that of the 
tapir or elephallt. Now, if ally wild species of the pig_ 
genus had Ilatllmlly po&!e88ed a Ilroboecilf, it might ha"l"e 
been argued that this had suddenly appeared as: a 
mOllslrOflity; but I have as yet failed, after di~"'ent 
1O&rCh. to fiud, in nearly allied fonn!, C88C8 of mon
Itrodities and of normal structures resembling each 
other. 1£ moustrous forms of this kind e \'er do appear 
in a state of nature and are cnpnble of propagation 
(which is not always the case), 8.8 they oocu r rarely and 
ai.n.gly, thoy m\l8t be crosaed with the ordinary form, 
IIIKi their c1mracter. will 00 transmitted in a modified 
ate. If perpetuated in this CI'OS8Cd state, their pre
IOrV&tion will be almost necessarily due to tho modifica
tion being ill 8Ome. way beneficial to tIle animal under 
ita theu esisting conditions of life; 80 that, even in thiil 
cue, natural selection will como into play. 
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Individual Differelwl!s. 

Tho mnny slight'differences which fr'equentlyappOIlr 
in tho offspring from the same Ilnl'cnts, 01' Wllich may Uc 
presumed to have thus arisen, from being freqmmHy 
observed in the individuals of the same species inhilhit
ing tho same confined locality, may be ('[1.11ed individual 
differences. No OlIO BuppOSeS that alJ Ille individuals of 
tIle same species arc cast in the same actual mould. 
1'hcse individual differences are highly important for us, 
for they (Ire often inherited, AS must be familial' to every 
one; and thus they afford materials for Ilatnral selec
tion to nct on and aecumulnte, in tho snllle manner 
os mall accumulates in any given direction individual 
differences in his domesticated productions. ' 'l'hc8C 
individual differences generally affect Wllo.t Ilaturalists 
consider unimpol'hlllt parts; but I cotlld show by 
a long catilloglle of facts, that parts which must be 
callcd important, wllcther "jewed under n Jlhysiologicnl 
or classificatory point of "iew, sometimes vary in the 
individuals of the same species. I am convinced that 
the most experienced naturalist would bc surprised at 
the number of the cases of "arinbility, even in impor
tant pnrts of structure, which he could collect on good 
autllority, £IS I llave collected, during a course of years. 
It shonld be remembered that systematistso,rc fllr from 
being plell5ed nt finding mrinbility in important 
characters, and that there are not many men who will 
laboriously examine internalall(l importnnt organs, .o.nd 
comparo tllCm in many specimens of the sume species. 
It would never hnva been expected that the branching 
of the main nen'CS close to the great central ganglion 
of nn insect would have been variablo in the sume 
spccies; it might have been thought thiLt changes of 
this lliLture could have been effected only by Blow 

____ "'©-"Tb>e'"'cOJDule.te..-Work Cbades-Darwin I 



Cu .. p.11. INDI\'lDUAL DIFFERENCES. 40 

d<>grces j yet r~lltly SirJ. Lubbock has shown a degree 
of variability in these main nerves in COCCllll, which 
may almost be compared to tho irregular branching of 
tho stem of a tree. 'fhis philosophical natumli~t, I 
may add, has also recently shown that tho muscles in 
tho larvro of cerh~in inscets arc very far from uuiform. 
AUtllOrs sometillles argue in a circle wben thoy state 
that important organs never yary; for these Silme 
authors practically mnk that ebaracter as important 
(as some few naturnlists havo honestly confcsscd) which 
docs lIot \'ary; and, uuder thi.i point of viow, no in· 
stnllOO will ovcr be found of an importaut part \'arying: 
Lut uuder any other poiut of view many instances 
&&'uredly can be gh·en. 

'Ibere is ono point connected with indi\'idual differ
tn(!c~, which is extremely perplexing: I refor to those 
~ncrn which III1\'e sometimcs Ocen called" protean" Of 
"polymorphic," in which the species prescnt an inordi
nate amount of mriation; alld hardly two naturalists 
can agrro which forms to rank 118 species and which as 
varieties. We may instnnoo Hubus, Rosa, and llicnlcium 
amougst plauts, sovcml genera of insects, 8Cvernl gcnera 
of Brachiopod shells, aud tbo Huff (Machetes pugnax) 
amongst birds. In most polymorphic genera some of 
the species ha\'o fi.xed and definite characters. Genera 
..... hkh are polymorphic in one country seem to i,)c, with 
IiOmo few exceptions, polymofJlhic in other countries, 
and likewise, judging from Brn.chiopod sbelis, at former 
periods of time. These facti are very perplexing, for 
they seem to show iliat this kind of yo.riability is inde.
pendent of the conditions of life. 1 am inclined to 
IIUIIpoct that we soo ill these polymorphic genera raria
tions in points of structure which are of no sefvice or 
didticrvice to the species, and which consequcntly ha"e 

D 

_ _ ~_"':h:Cl)mole te """o ri< f "":hsrles Darwin lnli <= 



50 Cn ..... II. 

not been aeized on and rende" ... 1 definite by natural 
.election, lUI hereafter will be explained. 

Jnd.i,-idna1a of the aame apoc.ica often IJrcsent great 
difJ'erenCCl of .true-lure, not din!('tly connected with 
TAliahilit)", M in the 1.11"0 seXel, &8 in tb~ hro or three 
('fLtltes of~t(·rile feDllllel or ...... orkl',.. amongM. inaects, and all 

in the immature lUullan-oJ statN of all animaia. There 
are, llOwever, otiLt'r f'1IMl8, lIam.·ly of dim('rphism all,1 
trimorphi.m, whi.·h might easily be, 8n.1 h",·e CJ"\'qut'ntly 
been, confOtlnded witll voriability, but whil-h are really 
quite distill'·t. I rofllr to tllcboertbroo dilitinctfornlll, 
,.bi,·h eertain Animal, of eithf-r leX, IIn,1 Cl'rtain henna· 
I'brodite planta, hahitually ~'Qt. ThWl, lfr. WaUtII.!f', 
who has lately called special attention to the 8ubjett, 
11M shown that th~ f,>malee of ('Crlaill Ipt'Cies of hilt· 
Irrflif'!l., in the )lalayan arebil"lf'lago. rt'gnlarly apJ"If"Ar 
under two or eTen three conspicuou.;ly diJttiuct fonus, 
not connected together by intcnnedinto yarictios.. 'I'hl' 
w"ingro and Crequently win~ll* lltat(W of 80 mllny 
1i('mipteruut iMl!('t. may prohahly be induded .. a 
('tl8e of dimnrpbiP;m, and not of m"re nriability. Frita 
lHiller, aiM', hili l'eI'Cntly doscrilx.-d analogous but mum 
utraonlioary ~ in the males oC ecrlain Brazilian 
Crus~all8: thu"\ tho male oCa l.'anaia regularly()t'("u1"8 
under two wid<-Iy different Corms, not connected by 
lilly int('nllediate linkt; one of theso f(.rIllS has IlHl('h 
blrong.·r and difl'N·,,·ntly "hapoo l.inOf!!W fllr seizing the 
femalt', and th4oult'r, a.; ifr.'rrompeDlllti"n,hasant~nDIB 
nlUch more ahuntlantly fumi~heJ 1\ith Im('iling-hain!, 
11<) all to ha\·e a ktter chnnN.l of finding the femalc. 
Again, the lDal ... oC another CrustACM.II, an Orebewtia, 
occur uud('r two di.otinct fonnll, with pin<'e1"S differing 
much more from eBCh other in strudurc, than do tbe 
"wee,.. ofm08t .l' ...... h. .. of the 8IUlle genua. With f"N{poct 
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to plants I have recently shown that species in several 
widely distinct orders prellCut two or oren three fonns, 
whieh are abruptly distinguished from each other in 
lIe'reral important points, as in tbo giro and oolour of the 
pollen-grnins; and these forms, though all hennaphro
dit~, differ from each other in their reproductive power, 
90 that for full f£'rtility, or indeed in 80Ine ClUIC!S for any 
fertility, they must reciprocally impregnate each other. 
Althongh tlw fonus of the fm,," dimorphic and trimor
phic animals and p1iulta which hl\\'o been studied are 
not now connected toget1u~r by intermediate link..., it is 
probable that this will IJe found to occur in other cases; 
for 3[r. Wallace obecr"ed a certain butterfly which 
pre«'llted in the same island a great ronge of varieties 
OOllncetoo hy intermediate links, and the extreme links 
of the chain closely re!K'mbled the two forms of an allied 
dimorphio species inhabiung another part of the ~rulay 
archipelago. 'rhus also with ants, the sel'erol worker
cutes nrc generoUy quite distinct; but in 80Ine cases, as 
y;e slmll hereafter see, the ea~tes arc connected together 
by graduated varieties. It C<'rtainly at first appears a 
highly remarkable fact that the sarno female butterfly 
should have the power of producing at tho sarno timo 
threo distinct fomale forUlS and !l. malo; that 0. male 
Crustacean should genernto two male forms and a 
female form, all widely different from each other; and 
that an hennnphrodite plant should produce from tho 
same sero-capsule three distinct hermaphrodite fanus, 
bearing three different kinds of females and three or 
eyen six different kinds of males. Nevertheless these 
eaAe8 are only exaggorations of the unil'orsnl fact that 
every female animal produces males and femalE!8, which 
in lOme illlitances differ ill 80 wonderful a manner from 
each otller. 
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Duubtful Spuu,. 

The forms which pos.;ess in SOUlO considerablo degreo 
the character of spe<'ietl, but wbich are 80 d08ely similar 
to other forms, or are 90 dOoOCly linked to them by 
intermediate gradations, that naturalists do not like to 
mnk them as dbtinrt IIpecies, oro in 8evera.1 respects 
the most important for U". "·0 hal·c e'·ery reason to 
bcliin·c tlmt many of these doubtful and dosely·oUied 
forms ho\'e permanently retained their characters in 
th('ir own country for a long timo; for ft8 long, as fnr 
ft8 we know, M have good and true species. Pmcti· 
cally, when a naturalist can uuite tll"O forms together 
by others having intermediate characters, he treal8 tile 
Olli' Illl a variety of the other, ranking tho mosteommon, 
but sometimes tho one first described, as the speciell, 
a1ll1 tho other as tho variety. But eases of great dim· 
(,lIlty, which I will not llero enumerate, sometime!! 
occur in deciding whether or not to rank one form Illl 

a variety of another, even when they are clO8ely con· 
m~cted by intermediato links; nor will the commonly. 
MOillmro hybrhl nature of the intermediate links always 
remove the difficulty. In W!ry many cases, however, 
ono form is mnked lUI a variety of another, not becuuse 
the intermediate links have actually hccn found, but 
lK!causc analogy l('odg the o~rver to @uppose eithi'r 
that they do now iIOmewhere exist, or may formerly 
hue cri..qro; and hero a. wide door for the eutry of 
doubt and COIl~tUrc is opened. 

Hence, in dHermining wJICther a form should be 
nmked Illl a species or a variety, the opinion of natural· 
iJ;ia huving 80Ilnd judgment and wide experience seems 
tho only guide to follow. We must, however, in many 
ca!lC8, decide by a majority of naturalists, for few wcll. 
marked and we1l·knowll varieties Ctln be named which 
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ham not been ranked as species by at least some eom
pctentjudgoa. 

That vnrieties of this doubtful nature are far from 
uncommon cannot be dispuwd. Compare the se\'eral 
floras of Grent Britain, of Fmnce, or of the United 
States, drawn up by different botanists, and see what tl. 

~urprising number of forms have been ranked by ouo 
botanist as good species, nnd by another !L8 mere vari
(·ties. Mr. lL C. Watson, to whom I lio uuder dO<!p 
obligation for as.,;"'tance of all kinds, has marked for 
me 182 Britisll plnnUJ, Ilhich are generally coll~ idered ilS 

mrieties, but which havo all been ronked by botanists 
as species; and in making this rut ho has Olnitted many 
trifling Yal'ieticB, but which nevertheless have been 
ranked by some botanists !L8 species, and he hna entirely 
omitted several highly polymorphic genem. Under 
grnem, including tl10 most polymorphic forms, Mr. 
111bington gives 251 species, whereas Mr. Bentham 
gi,'cs only 112,-a difference of 139 donbtful forulB! 
Amongst animals which unite for each birth, and which 
are highly locomotil'c, doubtful forms, ranked by ono 
zoologist lUI a species and by another as a variety, 
ran rarely be fonnd within the same country, but are 
('Ommon in scparated areas. How many of those birds 
and insects in North A.merica and Europe, which differ 
\'ery slightly from each other, hM'e been rauked by one 
eminent naturalist 8Il undoubted species, and by allotllCr 
liS ,'arieties, or, 88 they are often ca.lled, lUI geographical 
races! Mr. Wo.llacc, in several "aluable pnpers latcly 
published on the ,,!nious animals, espeeially on the 
Lepidoptera, inhabiting the islands of the great Malayan 
archipelago. shows that they lIlay be classed twder 
mriablc and un(Jer loca.l forms, undcr geographical mCCR 

or 8ulrspecics. and lIS true rcprescntath'o Sl>Ceics. ~'ho 
"ariable fonns vary much within the limits or the sarno 
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island. The local fonn!! of the same species are moda
mtcly constant and distinct in each separate island; 
but when all such forms from tho several islands are 
compared, tho differences become 80 slight, nUmerall!!, 
and graduated, tbat it is impossible to define or describe 
runny of thcm, though fit the Sfimo time the extreme 
forms are sufficiently distinct. The geographical races 
or sub-species are local forms completely fixed and 
isolated; hut lIS tbey do not difTer from each other by 
strongly marked and imporlrult characters, "there is 
no possible test but individual opinion to determine 
which of them shall be considered BS species and which 
a9 varieties." LasUy, rcpre.scutati\'o species fill the 
same place in the natural economy of each island as do 
the local forms and sub-species; but as tbey are dis· 
tinguished from each other by a greater, though not by 
n (iefinite, amount of differenoo than that between the 
local forms and sub·species, thoy aro o.lmost universally 
rnnked. by nnturalists as truo spocics. Nevertheless, no 
ccrtllin criterion can possibly be given by which variable 
fonns, local forms, sub-species, anel repreBentnti,·e species 
can be recognised. 

llfany years ago, when comparing, and seeing others 
compfire, the birds from lhe closely neighbouring islands 
of tbe Galapagos Al"chipeIBgO, both one with o.uother, 
nnd Ilith those from the Amoricarl mainland, I was 
much· struck how entirely vague and arbitrary is the 
distinction between species and varieties. On the islets 
of tIle little Madeira group there are many insects 
which arc characterized /l8 varieties in Mr. Wollaston's 
admimblc work, but which certo.inly wonld be ranked 
as di:;tinct species by many entomolOiNts. Even Ire· 
land has a few animals, 1I0W genemlly regurded as 
varieties, bnt which have been ranked as species by 
BOrne zoologists. Severol mostel:perieneed ornithologists 
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consider our British red grouse as only a strongly
markedmce of a Norwegian species, whereas the greater 
number rank it as au Illldoubto<l species pcruliar to 
Great Britain. .Ii wido distance between tho homes of 
two doubtful fonns leads many I1aturalisfil to ronk both 
II.S distinct species; but what distance, it has been well 
ILSked, will suffice? if thlLt betweollAmericn and Europe 
is runplc, will tllat between Europe and tho Azores, or 
Madeira, or the Cauaries, or between the severnl isletA 
in each of these small archipelagos, be sufficient? 

Mr. B. D. 'Valsh, a distinguished entomologist of tho 
Unitoo Stt\tes, has lately called nttention to some cases, 
analogous with tllOSO of local forms and goographicnl 
races, yet "cry different from them. 'I'hese cases he 
has flllly described under tho tenns of Phytophagi(" 
Yarieties and Phytophagic species. Most yegetablo
fcoding insect!! live 011 ono kind of pbnt 01" on ono 
group of plnnts j bIlt some fcod indiscriminately on 
many widely distinct kinds, yet this induces no change 
in them. Mr. 'Yal:!.h, however, has observed other cases 
in which either the !lm·n or mature insect, or both states, 
IIro tlmB n/Tected by slight, tllough constant, cliffer
cnces in colour, or s.ize, or nature of their soorotions. 
In one C'tlSC differPllce in food was accompauied by 
sc\'ernl slight but constant stntctural differeu<..'CS in the 
mature mnlo o.lone. In otller cnaes both mules find 
females nrc thus slightly affected. Lastly, differences 
of food apparently cause more marked and constant 
differences in colour or structure, or in both combined, 
in the lfll"vlt. and in tho mature insect. Forms modified 
to this degree are mnked by nll entomologists as dis
tinct, though allied, species of the same genus.. The 
slighter dilTerences, as ill colour alone, and confined to 
the larvl\. ulone, or to the mablfO insect alono, (LfC almost 
invariably looked at Ill! mere varieties. nut no man 
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Cfln draw tIle line for others, even if he can aD 80 for 
himself, Ilud determine with certainty which of tho 
several })hytophugio forms to call varieties und which 
to call species. 1\[1'. \Vnlsb, who argues with much 
force that the difterent states ho.'-o gradually passed 
into each other, is forced to flS1l\lme that those forms, 
wl1ich it may be supposed would freely intercl'OSB, 
should be designated as varieties. wllilst those which 
Imve probably lost this CIlpacity for intercrossing should 
be called species. As the differenco in nil these casea 
clearly depends on the insects hM'ing IOllg fed Oil per
fectly distinct plants, intermediate Links between the 
several (onns thUB produced cannot be expected to be 
fonud; though formerly such mllst h(we existed, COIl

nooting the present divergent forms with their common 
progenitor. The nnturlllist thus loses his best guide 
in determining whether to rank sl1ch doubtful forms M 

varieties or species. 'l'llis ]il1owiao necessarily oeem'S 
with closely allied organisms, of doubtful value, which 
inhabit separate continents or distant is1allds. But 
when an animal or plant ranges over tile SIlme COI\

tinent or inhabits many islands in the SIlme archipelago, 
and presents difler£!nt forms in tIle differeut areas, there 
is always a chauce, which is 110t rflrcly successful, tllat 
intermediate forms lllay be discovered which will link 
together the extreme states; and theso are then de
grnded to the nw.k of varieties. 

Some few naturalists maintain that animals nover 
present mrioties; but theu these same natumlists milk 
tho slightest difference Il.S of specific vnluo; unci when 
eren the identically SIlme form is met with in two distunt 
countries, or in two distinct geological formatioM, they 
go so far us to believe tllat two separate species aro 
llidden under the SIlme dress. 'I'lle term species thus 
comes to be a mere useless mental abstra.ction,. implying 
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find assumiug a separate act of creatiou. It emmot. 
however, be disputed that many forms, considered by 
highly-competcnt judges as varieties, have 80 perfectly 
tho character of species that they have been ranked by 
other llighly-competent judges as good and trne species. 
But to discuss whether such slightly diflerent forms are 
rightly cllUed species or YRrieties, before allY definition 
of these terms has been generally accepted, is vainly to 
beat tho air. 

Many of the cases of strongly-marked varieties or 
doubtful species well desen'e considerntion; for seyeral 
interesting lines of argument, from geographical dis
tribution, analogical Yariation, hybridism, &c., have 
been brought to bear on tho attempt to determine their 
rank; but space docs not hero permit me to discuss 
tllcm. Close investigation, in mAny cases, will bring 
llaturalists to an agreement how to rank doubtful forms. 
Yet it must be confessed that it is in the best known 
countries that we find the greatest number of forms o[ 
doubtful mlue. I have been struck with the fact, 
that if any animal or plant in a state of nature be 
highly useful to man, or from any cause closely attract 
his attention, "mrieties of it will almost universD.Jly be 
found recorded. These mrieties, moreover, will often 
be rooked by some authors as species. Look at the 
common oak, how closely it has been studied; yet a 
German autho.r makes more than u dozen species out 
of forms, which are almost universally considered as 
mrietiee; and in this country the highest botanical 
Autilorities nnd pl"ltqtical men can be quoted to show 
that the sessile and peduilclliated oaks urn either good 
unci distinct species or mere varieties. 

I may here allude to a remarkable memoir lately 
published by A. de Candolle, on the oaks of the whole 
world. No oue eyer had more ample material.s [or the 
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discrimination of the species, or could have worked Oil 
them with morc zeal and sagacity. JIo first gives in 
detail all the many points of structure which vary in 
the species, and estimates numerically the relative fre
quency of the vllrilltioUll. lie specifies abCl\'c a dozen 
characters which may be found varying oven on the 
snrno branch, wmetimcs according to ago or dOyc!Ojr 
ment, sometimes without flny Il&iignablo reMOn. Such 
characters of oourso are not of spoeific mIllO, bnt tbey 
are, flS Asa. Grny has remarked ill commenting' Oil this 
memoir, such as genemily euter into spceific definitiOIlS. 
De Candolla then goes on to sny that he givcs the rank 
of spooiea to tho forros that differ by chamcters Dever 
varying Oil tho same tree, and nover found connccted 
by intermediate states. After this discussion, the result 
of 80 much labonr, he emphatically remarks: "They 
Rre mistaken, who repeat that the greater part of our 
spocics are cloorly limited, and that the doubtful spe<!ies 
are in a feeble minority. This 8(!(lmed to be true, 80 
long 88 n gf'null WOJI imperfectly known, and its species 
were fouucled upon a few specimc.ns, that is to say, 
were IJf{)visional. Just as we como to know them 
better, intermediate forms flow in, and doubts as to 
spcc.ific limits augment." He also adds that it is the 
beat known species which present the greatest number 
ofspC>lltanooliS varieties and 8ub-YRrieties. Thus Quercus 
robur has twenty-eigllt mrietics, all of which, excepting 
six, are clusterod round three lIub-specie!', namely, Q. 
l)CdUll{'ulata, ecssilillorn, and pubesccns. Tile forms 
which COllnect these three 8ub-sl)Ccies are comparatiYely 
rare; and, as Asa Gray remarks, if these connecting 
forms, which aro now rare, were to become e:o:tio('t, the 
throe sub-spccies would hold exactly the same relation 
to each other, as do the four or five proyisiono.lly 
admitted spcdes which closely sllrround tho typical 

Rl Th r f h rl ~ r i lin 



DOUBTFUL SPEOIES. 50 

Quercus rohur. Finullv, De Candolle admits that out 
of the 300 species, which will be enumerated in his 
Prodromus as belonging to tho ouk family, nt lenst two
thirds Rro provisional species, that is, flro not known 
strictly to fulfil tho definition above given of II. true 
~pocics. E'or it shollld be added that De Candolla no 
longer believes that species fl!'O immutable creatiOlls, 
but concludes that tIle denva1ive theory of the succes
~iou of forms is the most natuml one, "nnd the most 
accordant' with the h.-nown fncts in pnlroontoiogy, geogra
phical botanyaud zoology, of auatomical structure IlDd 
classification;" but, he adds, direct proof is still wanting. 

When a young naturalist commences the study or Ii 
group of organisllls quite unlmown to him, he is nt first 
much llerplexed to determine wlmt differences to con
sider as specific, Rnd wbat as varietal; for he knows 
llothillg of the amount and kind of variation to which 
the gronp is subject j and tllia shows, nt least, how very 
genemlly thero is some variation. But if he confine 
his attention to one class within ono country, he will 
BOOn mnke up his mind how to mnk most of the doubt
ful rorDlS, llis general tendency will be to make many 
species, for he will become impressed, just like the 
pigeon or poultry fancier before alluded to. ,,;th the 
amonnt of difference in the forms wbich he is con
tinually studying; and he has little general knowladge 
of annlogicnl ;ariation in other groups aud in other 
cowltries, by which to correct his first impressions, As 
]10 extends the nmge of his obseryntiolls, he will meet 
with more cases of clifficnlty; for he will encounter n 
greater number ot closely-allied forms. But if his 
observntions be widely extended, he will in the end 
generaUy be enabled to mnko up bis own mind which 
to call varieties and which species; but ho will succeed 
in this at tbe expense of admitting 1IIu('h vnriation,-
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and the truth of this admission will often be disputed 
by other n!ltum.tiste. 'Vhen, morom'or, he comes to 
study allied forms brought from COllntrics not now con
tinuous, in which case he Cfl.unot hope to find the 
intennediate link, between hia doubtful forms, he will 
have to trust almost entirely to analogy, and his diffi
culties rise to Il. climax. 

Certninly no clear line of demarcation has as yet 
been drawn between species and Bub-species-that is, 
the forms which in tho opinion of some naturalists 
come very llCnt to, but do not quito OITivQ nt, the rank of 
species; or, Ilo"'llill, between sub-species sud well-marked 
varieties, or between lesser varieties and individual dif
ferences. 1'bese differences blend into cnch other in nn 
insensible series; aud a series impresses the mind with 
the idea of an actual pllSSage. 

Rence I look at individual differences, though of 
small interest to tho systematist, as of high importance 
for us, as being tho first stop towards snch elightvo.rietiee 
us ure borely thought worth recording in worka on 
natural history. And I look at varieties which are in 
finy degree moro distinct and permanent, as steps leading 
to more strongly marked and more permanent varieties; 
aud at these latter, as leading to Bub-species, and to 
species. The passage from one Btage of difference to 
Iluother nnd higher stage may be, in some cases, due 
merely to the long-continued action of different physical 
conditions in two different regions; but I have not 
IUueh faith in this "jew; and I attribute the passage of 
a variety, from II. state in which it dinors very slightly 
from itB parent to ono in which it diners more, to the 
nC'tion of Jlnturnl selection in accumulating (as will 
hereafter be more fully explaiued) dilferenCeB of etmo-
ture in certain definite directions. ITmlce I believe Il. 

well·marked variety may be called nn incipient species; 
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bllt whether this belief be justifiable must be judged of 
by the genernl weight of the severnl facts and views 
given throughout this work. 

It need not be supposed that aU varieties or incipient 
species necCl''lnrily attairl tire rank of species. 'l'hey 
may whilst in this incipient state becomo cxtinct, or 
they may endure as vfiri(>ties for very long periods, lUI 

has been shown to be tire case by Mr. Wollaston with 
the nnicties of certain fossil land-sbeUs in :Madeira. If 
a \'I\riety were to flourish 110 ns to excoed in numbers 
the Jlflrcnt species, it would then mIlk ns the speciC!l, 
and the speciCfl I\S the variety; or it might come to 
supplant and exterminate the parent "pecics; or both 
might oo-exist, and both rank as independeut !'pedes. 
But we shall hen:oafter ha,'O to return to this subje<:t. 

];'rom these remarks it will be seen that. I look at the 
term species as ono arbitmrily given, for the sako of 
coln-enience, to fI. set of individuals closely resembling 
eacb other, and that it doc .. not C88Cntiallv difTer from 
the term "ariet)', which is gi\'en to less distil;ct and more 

.flu('tuating form~. 'rho torm variety, again, in com· 
parison with more individual ditrercnccA, is also applied 
arbitrarily, and for more convenience' sake. 

lride-ranging, much-diJftutd, alld com11llRl. 8pecia rury 

"""'. 
Guided by theoretical con!lidcra.tious, I thought that 

!;()mo interesting rosullil might be obtained in regard 
to the nature and relations of the species which vary 
ml>"t, by tabulating all the \lIorieties in 8C\'cra.1 wcll
worked floma. At first this seemed a simlJle task; but 
)Lr. H. C. Watson, to whom I am much indebted for 
"aluablo advice and assistance on this subject, soon 
com'incOO me that there wero many difficultic1<, as did 
!'ub,,;Cquently Dr. Hooker, even in stronger terms. I 
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shall re8en"e for my futuro work tho discussion of these 
difficulties, and 010 tables them>l()hcs of the proportional 
numbers of the varying speeiefl, Dr, Hooker permitB 
mo to add, that after baying cArefully read my manu· 
script, and examined tho tnbl(;~, he thinks that tho 
following statements arc fairly well e~tll.bli.:lhed, 'l'ho 
whole Hubjocf:, howon!r, treated as it nece>'fW.rily hero j.", 

with much brevity, is rather perplexing, and allusions 
cannot be amided to the II ~trllggle for exi~tence," 

"din·rgenco of character," (l.ud other qnestions, here
after to be di.'OCn~, 

~\Iph, do Candolle and oOlers h8.\"o shown tllat plants 
whi<'ll havo \"ery wide ranges gcnerally present \'arietics; 
aud this might hayo been expected, as they become ex· 
pose<l to divetilO plly~i{'81 conditions, and aB they come 
into compdition (which, as we shall hereaftel' S(l(!, is 
a more important circumstance) with different sets of 
organic beings, Bnt my tables further show that, in 
ally limited country, the spceicfI which are mort common. 
that is abound most in indi\'itIUBl~, and the species 
wbich are mObtwidelydilTused within Oleir own couDlry 
(and this is a different consideration from wido tange. 
and to II. certain extent from commonness), often(!8t 
gh-e riso to "anetiea sufficiently w('ll·mnrkcd to hll\'c 
l,,('en recorded ill botanical work!. TIenee it is Ole 
mO::it flourishing, or, aB thoy may be called, the domi
nant spccies,-those which ronge widely, are the most 
dilTu!i<·d in their OWIl country, Bllll arc the most nnme. 
rous in individnals,-which OftCIlC!!t produce lVell·markcd 
,'arictie!!, or, as [ consider Olem, ill('ipient BpCcies, And 
this, perhap£!, might IiM'C been anticipated; for, 88 

varieties, in order to becomc in any degree permanent, 
nC-Ce&l8rily ha,.c to struggle \,;th tbe other inhabitants 
of the rollntry, the spe<>it'S which are already dominant 
will be the most ]jkely to yil'ld ofl'~pring, which, though 
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in 9Omo alight degree modified, 8till inherit thoee act· 
vantages that enabled their Ilarents to bocome dominant 
m·er their compatriots. In tlu~se remarks on predomi
nance, it &bould be understood that refereneo is made 
only to those forms which come into competition with 
each other, and more especially to tho members of the 
same genus or clnss having Il('o.riy similar habits of life. 
With respect to commonness or tho number of indi,·j· 
dUJ\hI of Any specie,., the oomparillOn of course relates 
only to the membC'rs of tho samo group. A plant may 
be said to be dominant if it to more numerou!! in 
individuals and more widely diffused than the other 
plants of tho SfLmo country, not living uuder widely dif· 
ferent conditions of life. Such a plaut is not tho less 
dominant in the sense here used, because IIOme conferva 
inhabiting the water or IIOmo Jlomsitio fungus is infi· 
nitely moro numerous in individual!! and more widely 
diffused; if one kind of cOllferva or pamsitic fungus 
('1:coedod its allies in the abo,·o respects, it would to n. 
dominant fonn within its own class. 

SptCUI of the Larger Gemra in each COImlrll 'l!ar!l more 
frequently th(m tile Sped£I of tire Smaller Gtrlera. 

If the plants inhabiting a country and described in 
ally nora be divided into two equal masses, all th()8(l in 
the larger genera bciIlg placed on ono &ide, ami all thoSG 
in the !lmaller genera on the other sid<" a somewhat 
larger number of the ,·ery common and much diffused or 
domioallt species will be fouud 00 tho side of tho larg('r 
genera. 'l'hi.~, again, might hare been anticipated; for 
tho mere fact of many spooiefl of the same genu!! in
habiting any country, ShOW8 that there is IIOmething in 
the otgt\nic or inorganio condition8 or t hot C<lUutry 
favourable to tllO genus; and, conscquently, wo might 
ha\'o expected to have found in the larger genem, or 
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those including many BpeCies, a large proportional num
ber of dominant species. But 80 many causes tend to 
obscure twa result, that I am surprised that my tables 
show even a. small majority on the sido of the larger 
genem. I will here allude to only two causes of 
obscurity. :Fresl1-water a11d snit-loving plants IlIn-o 
generally Ycry wide ranges and nrc much diffused, but 
this set'ms to be connected with the naturo of tho stu
tions inhabited by tbem, and hM little or no relation 
to Iho size of tho genera. to which tbo species belong. 
Again, plauts low in the scale of organisation are gene
rally milch more widely diffused than plants higher in 
the sonle; ami here again tbere is no close relation to 
the size of the genera, 'I'he cause of lowly-organised 
plants ranging widely will be discussed in our chapter 
011 Googrnphical Distribution. 

:£~rQm looking at species ns only strongly-marked and 
well-defined vnrieties, I WIlS led to (Illticipnte that the 
species oftha larger genera in en.ch country would oftener 
pl'C8Cnt ,arietie8, than the species of the smaller genera; 
for where\-er many closely related species (i, t:. species of 
tllO same g(!llus) havo beon fanned, many vurieties or 
incipient species ought, as 0. general rule, to be now 
forming. Wnere many large trees grow, we expect to 
find eaplin~. "Tbero mnlly species of 0. genus hnve 
been formed tllrongll variation, circumstnnces Imv6 boen 
fln-ourable for variation; aud hence we might expect 
that the circumstances would generally be still favow-
able to mriation, On tho other haud, if we look nt eneh 
spodes ns a special net or cr'eatioll, there is no npparcnt 
reason why Illore varieties should occur in a group 
having many s}JCCies, tlran in one having few, 

To test the truth of this anticipation I haye arranged 
the plnnts of twelve countries, nnd tho coleopterous 
insects of two districts, iuto two nenrly equnl masses, the 
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,,[W!('ies of t he larger genera on one side, and those of tlle 
@maller genera Oil the other side. aud it has invariably 
Ilroved to be the case that a lnrger proportion of the 
SpeeiCB on the side of the larger genera present varieties, 
than on Ole sid!'! of the Rmaller genera. Morco\'er, the 
@pecies of the large genera. which preFICnt any varieties, 
inmriably present a larger a"erage number of varieties 
than do tho species of the small genera. Both these 
rt'Sults follow WhCIl another dhisioll is made, and wben 
all the lenst genem, with from ollly ono to four spe
cies, are absolutely excluded from the tables. These 
facts are of plain signification ou the vie w that species 
flro only strongly-marked and pennanent varieties; for 
wheren' r many spcciCB of the snme genus il{l.vo been 
formed, or where, if we may U!IC the expre&ion, the 
msnuflV'tory of spceics has been acti,'e, we ougllt geue-
mlly to find the manufactory still in action, more espe
cinllyas '1'0 have every reason to beliove tllO llroce!18 of 
manufacturing lIew sl~iC8 to be & sJow one. And this 
('('rtainly is the rose, if varieties be looked at as inci
pient "pecies ; for my tables clearly show as a geneml 
rule tllat, wherever lIlany species of a genus have been 
formed. the species of that gen1ls present n. Dlimber of 
nrieties, that is of indpient spedca, beyond the a\·cmge. 
It is not that all large genera are now mrying: lIluch, 
and are tlms inel'CllSillg in the number of thcir specics, 
or that no small generA. oro now varying and incrensing; 
for if this had been 80, it would hare been fatal to my 
tbeory j inasmuch M geology plainly tells lUI tllat f!D1all 
genem htwe in tho lapse of timo often inereased greatly 
in size; and that largo genera have onen COIIIO to their 
mtuima, declined, and disappoored. All that we want 
to show ill, tbat, where many specie! or a genua ba"e 
been fonned, on an aycrage mtuly are still forming j 

and tbis certaiuly hoMs good. 
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~Van!l Of tM SpteieB of tM Larger GeI!tra re«mhk Varidiu 
ill being "'Uy clotely, but 'Uneqtw.ll!/, related to each oilier, 
"lid in nauiJ!g rutricted rangcB. 

Thcre are other relations betwccn the species of large 
gencra and their recorded varieties which deserve notice. 
We havo SCCIl tbnt thcl'C is no inf'lllibio criterion by 
which to di~lingui~h spodes and well-marked \"arieti(!8; 
and in thos.' cases in which intennediato links hay(~ 
not Ix>cu fouud betwccn doubtful fOnll~, naturalh;ta are 
compelled to COIllO to a determination by tho amount of 
differen('O between them, judging by analogy whether 
or not tile amount suffices to raise one or ooth to tbo 
mnk of species. llenoo the amount of difference is ono 
very importllnt criterion in settling whether two forms 
should be mnked IlS species or varietics. Now Fries 
lUUJ remarked ill regard to ll]ants, and Westwood in 
r~ard to insects, thnt in largo geuera tho amount of 
dificrcn("O between the species is oneil exceedingly small . 
I ha'\"o endoayourcd to Ic-stthis numerically byavera~ 
and, as fnr IlS my imperfect results go, they confirm the 
view. I hn\"e 0.00 consulted somo sagacious and expe
rienced observers, and, after deliberation, they concur 
in this view. In thi.g respect, therefore, the species of 
tho larger genera, rt>Scmblo varidies, moro tban do the 
sl:.ecies of the smo.\lcr gcnera. Or tho ease may be 
l)ut in o.llother wo.y, and it mo.y be said, tho.t in the 
larger genera, in which a number of varieties or inci
llicnt specie8 greater tban the a\"erage are now manu
fl\cturing, many of the species already manufactured 
st ill to a certain extent resemble varieties, for thoy 
differ from each other by a less than the UE;lUl.l amount 
ofditTerenee. 

Moreo\'er, tho speeic8 of the large gencra aro relatod 
to each other, in tho sarno mnnner as tho "arieties of 
anyone speeies are related to cach other. No uatu-
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ralist pretends that ali the species of a gemls are equally 
distinct from each other; they may generally be divided 
into sub-geullra, .or sootions, or lesser groups. As Fries 
hIlS well remarked, little groups of species are generally 
clustered like Siltellites around certain oUler species . 
.And what 01·0 varieties but groups of forms, unequrilly 
related to each other, and cluswl·oo round certain forlll8 
-that is, round their parent-species? Undoubtedly 
there is one most important point of difference between 
mrietics and species; namely, that tho amount of dif
ferenoo betwoon varieties, when compared with each 
other or with ilieir parent-specicB, is much less tltan 
that betwcen the species of the same gemlS. But when 
wo como to discuss tlle principle, IlS I Call it, of Diver
gence of Cho.racter, we shall seo how tbis may bo 
explaincd, and how the lesser differences between va
rieties tond to increase into the greater differences 
hctwcell species. , 

Thero is one other point whieh is wOIth notice. 
Varieties generally ha\"e much restricted ranges; this 
s:iatement is indeed scarcely moro than a truism, for, if 
a variety wero found to have a wider rango than that of 
its snlJpose<i parent-species, their denominations would 
be reversed. But there is also reason to believe that 
those species which nre very closely allied to other 
species, and in 80 far resemble varioties, often haye 
much restricted ranges. For instance, Ur. IT. C. Watson 
has marked for 1110 in the well-ilifted London Catalogue 
of plants (4th edition) 63 plants which are therein 
ranked lUI species, bnt which po considers as so closely 
allied to other species as to be of doubtful valne: these 
63 repnted species range on an average over 6·9 of the 
provinces into which Mr. Watson has divided Great 
Britain. Now, in this same catalogue, 53 acknowledged 
varieties are recorded, and these tallo"'6 over 7-7 pro-
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"inces; wherclU!, the SpeciC8 to which these yarietiea 
belong range Ofar 14:3 province!!. So that the acknow
ledged varieties bll\'(~ very nearly the same restricted 
avemge mnge, as ]lIl.ve those very dosely allied forms, 
marked for me by ?tIr. Watson as doubtful species, but 
which nre almost universnJly ranked by British botanists 
as good and tn1e species. 

Summar!!. 

Finally, tben, "Rrieties callnot be distingui;;hed from 
species.-except. firstly. by the disoO\wy of intcnnoointe 
forms linking them together, and the occurrence of such 
links does 1I0t affect the chnmctcr of tl16 forms which 
they connect; and except, secondly, by R certain amount 
of Jiff"erence, for two (orms, if differing ,'cry little, are 
generally ranked M mrictiCll, Ilotwitill,tnnding that in
termediate linking forms have not been diSCQ\'cred ; but 
the amount of difference ooosidered nCC(>S8llry to gh'o 
to two forms the rank of species is quite indefinite. In 
genera having more tl18n the average number of ~peciC8 
in any COUlltry, tIle species of these genem have more 
thnn the a'-emge number of varieties. In large genem 
the sl)Ccies are Rllt. to be closely, but unequally, allied 
together, forming little clusters rouud certain other 
spccies. Species ,"cry closely allied to other species 
appnrently have rcstricted mngcs. In all these several 
respeds the species of large genera present a strong 
analogy with mricties. And we can clearly under<>tand 
these analogieB, if species have once existe:1 as varieties, 
and hnve thus originnted; whereas, these analogies are 
utterly inexplicable if each species bas been inde
pendently created. 

We have, also, sccn that it is the most flourishing or 
dominant species of the larger genera within each elass 
which on. nn average yield the greatest number of va-
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rieties; and mrieties, as we shall hereafter see, tend to 
become colwerted into new and distinct species. Thus 
tIle laTg('r genera tend to bocomo lnrger; and through
out nature the forms of life which are now dominant 
tcnd to become 8tiJI moro dominnnt by leaying many 
modified and dominant descendants. Hut by steps here
after to be explained, the larger genera. also tend to 
Ilroak lip into smaller genem. And thus, the forms of 
life tlll"oughout the universe become divided into groups 
subordinate to groups. 
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CHAP'fER III. 

Itl! beariDg on natural wl«1ion-The wnn used in" wide_ 
GoomNricsl mtio of incl1'a8e - Hapid illcmLte of nalurali&ed 
IInima.!8 and I'lant&---Xahl!'e or the clu>clu to incrmse-Com
l ... til~JfI uni ... cnJll-Etr~'et. of dimato-Prot«tioo from the 
number of in<li"iduab-Complex ~1atioot of _U animab 1100 
J'\ant.throughOlltllaturo--Strugglefor1ifemOlltael'crebetw~n 
individual. and ,'arietiefl of tho sarno epceiCII: often fIIlverebe
t..-('('D 'f'!"&ies of the a.me gmUII-The relation of organism to 
orgauillm the mc.t important or all I('latiOIlII. 

BEFORE entering 011 the subject of this chapter, I must 
make a fow preliminary remarks, to show how the 
IItrugglo for existence bears on Natural Selection. It 
has OO<!tl scen in the last chapter that amongst orgnllic 
I,x>ings in IL state of nature there is solDe indh'idual "sri
ability: indeed I am not aware that this has e.er been 
disputed. It is immaterial for lIS wllCther a muHitude 
of doubtful forms be called species or sub-species or ,·ari
eties; what rank, for instance, the two or three hundred 
doubtful forms of British plants are entitled to hold, if 
the exilltence of auy well-marked varieties be admitted. 
But the mere existence of indivillual mrinl>ility aud of 
8OIUO fow well-marked varietie~, though nocessnry 8S 

the foundation for the work, helps us but littlo in un
derstanding how gpecies arise in nnture. How hn,·o all 
those exquisite adnpttlliOlls of ono Vnrt of tho organisa. 
tion to Bllother part, and to the conditions (If life, Bnd 
of one organic being to another being, been perCected? 
We see these beautiful co-adaptntions most plainly in 
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the woodpecker nnd tho mistletoo j nnd only 1I. liltle Jess 
plainly itl the humblest parasito which clings to the 
hairs of a quadntped or feathers of a bird; in the stntc
ture of the beetle which dh'os through the wnter; in the 
plnmed seed which is wnfted by the gentlest breeze; in 
mort, we 800 beautiful adll.ptations c\'erywhcre and in 
e\'ery pnrt of tIle organic world . 

.1gain, it mny be asked, how is it tllat varieties, Wllich 
I have called incipient E'pccies, become ultimately COIl

\'eried into good nnd distinct species, which ill most 
rases obviously differ from each otlu~r far more than do 
the nnicties of the same speciffl? How do those groups 
of spe<'i('~' which collstitute what nre culled di~tinct 
genom, aud which differ from eoch other more thnu do 
the spN'i(!8 of the 8ilmo genus, nri..w? All these re!lultll, 
M we shnll more fully see in tl10 next chnpier, follow 
from th(\ struggle for life. Owiug to this struggle for 
lif(', ally ,'nrintion, howew!cr slight, and from whatever 
CIlUSO proceeding, if it be in nny d('groo llrofitnble to an 
individunl of any speciCII, in its infinitely complex rola
Wns to other organic beingg and to its phy:.icnl <'Oudi
tions of life, ",ill tend to tho pre,wrvation of thnt indi
Tidnal, and will generally he inhcrited by itil offspring. 
The offllpring, also, will thus ham 8. better chalice of 
lII"iving, for, of tbe many indh'iduals of anv species 
which nte periodically hom, but Il. smnll number cnn 
tnrri\'e. I hoYo called thiR principle, by which cncb 
dight variAtion, if useful, is preser\'ed, by tile term 
Natural &>Iection, in order to mark itil rolation to man's 
power of selection. We htwe IIC('Il that mnn by selec
Qoo fil11 certainly produce great results, nnd call adapt 
organic beings to his own uses, through the accumula
tion of slight but useful mriations, gh'clI to him by tbe 
IIuMl of Kature. But Natural Selection, as we shall 
J.ereaftt'r see, is n powcr iUCCSSAntly ready for nction, 
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and i3 as immeasurably superior to man's feeble effor1~, 
as the works of Nature are to thoso of Art. 

We will now discuss ina Iitt1e Illoredetail tlle struggle 
for existence. In my futuro work this subjoct will be 
treated, as it well desenes, at lUuch greater length. 
'fhe elder De Candolla and Lyell have largely and phi
losopllicnlly shown that all organic beings are exposed 
to seW!r6 competition. In regard to plonts, no one has 
tr('atoo this subjoct with more spirit and ability tban 
W. Herbert, Dean of Manchester, evidently the result 
of his great horticnltuml knowledge. Nothing is easier 
than to admit in words the truth of the universal 
struggle for life, or more difficult-at leMt I have found 
it so---thon constantly to bear this conclWlioll in mind. 
Yet wllcss it be thoroughly engrained in the miud, the 
whole economy of nature, with every fact Oil distribu
tion, mrity, abundance, extinction, and variation, will 
he dimly seen or quite misunderstood. We behold tllO 
face of nntura bright with gladness, we often see super
abundance of food; we do not sec, or we forget, that the 
birds which are idly singing round us mostly Ihe on 
insects or seeds, and are thus constantly destroying life; 
or we forget how largely these sougsteI'S, or their eggs, 
or their nestlings, are destroyed by birds aud beasts of 
prey; we do not 0lwaY8 bear in mind, that, thOllgh food 
mny be now snpembllndant, it is not so at all 8Casons of 
each recurring year. 

TIle Term, Struggle Jor ExiBtence, 'U8td in a large sente. 

I should premise tlmt I use this term in a large and 
metaphorical sense, incilldiug dependence of one being 
on another, and including (which is more important) 
not only the life of the inru,-idllal, but success in leaying 
})rogelly. '£wo cantuo animals, iu a. time of dearth, 
may he truly said to stI'1lc'"'gle with each other which 
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~hall get food and li,·e. But a plallt 011 the edge of a 
dlW!rt is snid to stmggle for lifo against the drough4 
though more properly it should be said to be dependent 
on the moisture. A plant which annually produces a 
thousand Reeds, of which on an fworago only ono comes 
to mal\ll'ity, llIay be more truly said to strugglo with 
the plnnts of tho sarno and other kinds which already 
('Iotho tho ground. The mistletoe is dependent on the 
apple Bnd a few other trees, but (,flll only in a far
ft"tohed sense be said to struggle with these trees, for, if 
too marly of thcso pnmsites grow on the same tree, it 
will IBnguish and die. But several seedling mistletoes, 
growing close together on tho same branch, may more 
tmly be said to struggle with each other. As the 
mii-tldoe is diSlK!minntoo by birds, ita existence depends 
on birds; and it llIay metaphorically be said to struggle 
.nth other fruit·bearing plants, in order to tempt birds 
to dOl'our Bnd thus dissemiuate its seeds rather tban 
thosP of other plants. In these sc'"eral senses, whieh 
pu!I into enell other, I use for convenience' sake the 
genl'ral term of struggle for existenC('. 

Gtomdriru.l Ratio of Iflcreatt. 

A stnlggle for existence inevitably follow! from the 
high rate at which all organic beings tcnd to increase. 
Every !:x-ing, wbieh during ita nalural li fetime produces 
!leversl egb"fl or seeds, must suffer dCRtruetiou during some 
period of itl! life, and during some seASOn or ocensionul 
year, otherwi9(', on the principle of gromctricnl increase, 
itt nnmbers would quickly become 110 inordinately great 
&bat no C'Ountry could support the product. Renee, BS 

..". indil'iduals are produced than can fKl8I:'ibly sllr~ 
rivE', thf'f(I must ill evt'l'y case be a stmggle for exist
eDt'e, either one indi"iduul with fUlothf'r of tho same 
tpeeietl, or \\ith the individuals of distinct species, or 
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with tl10 physical conditions of life. It is the doctrine 
of Malthus applied with m:mifold foren to the whole 
animal aud vegetable kingdoms; for in this case there 
can be no ill'tificinl increase of food, and no prudential 
restruillt from marriage. Although flOIDO species may 
be now inereasiug, wore or less rapidly, in numbers, all 
canl\ot do 80, for the world would not hold them. 

Thern is no exception to tbe rulo that eTcry organic 
beil\g naturally increa!:lcs at so 11igb a rate, that., if not 
destroyed, the earth would SOOll be covered by the progeny 
ofa single pair. Even slow· breeding man has doubled 
in twcnty·five years, and at this rote, in a fow thousand 
years, there would litcrnlly not be standing· room for bis 
progeny. Linnrous luts calculated that if an (lnullal 
plaut produced only two seeds-Il.lld there is no 1)13nt 
nearly 80 llnpn.xillcti\"o (IS this-and their seedlings ncxt 
ycar pn.xiuccd two, and so Oil, theu in twenty years 
there would be a million plants. The elephant is 
reckoned the slowest breeder of all known animals, and 
1 have taken some paills to estimaw its probable mini
mum rate of natural increase: it will be under tho mark 
to ~Ullle thnt it begiils breeding when thirty years old, 
tlud goes on breeding till ninety years old, bringing 
forth tlueo pair of young in this intervul; if tuis bo so, 
at tllo end of the fifth century there wonld be alive 
fifteen milliOll elcphanta, desC<!udcd from tho first pair. 

But we have Letter evidence on this subject than 
mere theoretical calculations, namely. the numerous 
recorded cn.ses of the tlst0l1ishiugly rnpid increase of 
,-arious animills in n state of Ilature, when circumstnuce:l 
have been ftwournble to them dtuing two or three fol· 
lowi.ng seasons. Stillmore striking is the evidence fl-om 
our domestic animal;; of many kinds which have run 
wild in sevcm.1 parts or thc 1V0dd: if the statcments of 
the rate of increase of slow-breeding cattle and horses 
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in Routh America, and latterly in Australia, had not 
been well authenticated, they would ha,'c been incre
dible, So it is with plants: C08C8 could be given of 
introduced plants which bMO become commou through
out whole islands in u. period of 1088 than ten years, 
8everal of the plants, such as tho cardoon, and a tall 
thistle, now most numerous over tllO wido plains of La 
Plata, clothing square leagues of surfaoo nlmost to the 
f'xeiu;,;ion of all other planu, have been introduced from 
}:UnlPC; and tllere nre plants which now range ill India, 
ail I hcar from Dr, Fnlooner, from Cape Comoriu to 
the lIimalaya, which ha\'o been iml)()rt~1 from America 
.illl'e its disc~H'cry, In such CtlSCM, and l'ndless iustances 
t'Onld be gi'-en, no one supposes that tIle fertility of 
thC8(l animllis or plants has been suddenly lind tempo
rarily inrrcnscd in lIuy sonsible degree, 'fho obvious 
explanation is thut the conditions of life 1111.\'0 been very 
Cavoun,bl(', and that there has consequently been less 
de.truetion of the old and young, an,l that nearly all the 
young 1111.\'0 been enabled to breed. In such cases tl16 
geometrical ratio of incroo.sc, tho result of which ne.er 
faill to be 8ltrprising, simply explaiu8 the cxtrnordinarily 
rapid inrrease and wide diffusiol\ of naturalised produc
tiona in th,·jr ncw homes. 

In a 8tate of nature almost m'cry plant produces seed, 
aad amongst animals thero are very fcw which do IIOt 
annually pnir. Hence we mlly confidently ll88ert, that 
all plants and animals are tending to iuctCnso at a geo
IDetriral ratio,-that all would mOBt ropidly stock overy 
Italian in whi('h they could any how cxiijt,-Rllci that the 
pometrical tendency to increaso must be checked by 
cleltrurtioll at 80me period of life. Our familiarity with 
.. luger dome:;tic animals tends, I thiuk, to mislead 
.: we ICe no great destruction f,IUillg on Ilwlll, an,1 wo 
iqret that thousaud!! are annually slaughtered fur foar!' 

t: 2 
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Mud that iu a state of nllturo an equal number would 
have 8Owehow to be dispoeed of. 

'fhe only difference between organisms which annually 
produce e~rgs or seeds by the thomlfl,lld, aud those which 
produce extromely few, ia, that the slow·breeders would 
require a few more years to poople, under f8.\'ourable 
conditions, 8. whole district, let it be 6\'er BO large. The 
condor lays a couple of 0~"8 IUld tho ostrich 0. score, and 
yet ill the BOwe country the condor may be tho worc 
numerous of the two: tho FullllRr petrel Jays but one 
egg, yet it is believed to be the most numerous bird ill 
the world. One fly deposits huudreds of eggs, aud an
other, like the hippobosca, 0. single ono; but lhis difrer
onoo does not determine how many indh'iduals of the 
two sllCCies can 00 BUpported ill 8. district. A large 
number of eggs is of BOme importauoo to those speciCii 
which de(X'nd on 0. rapidly fluctuating amount of food, 
for it allows them rapidly to increase in number. Bul 
the real importance of a lo.rgo number of eggs or sectls 
is to mako up for wuch destruction nt BOwe period of 
lifo; aud this period in the great majority of C&aed is an 
early one. Han Ilniwal can in any way protect its own 
eggs or young, a small number may be produced, and 
yet the average stock be fully kept up; bllt if many 
~~ or young are destroyed, many WlllSt be produced, 
or the species will become extinct. It would sufllce to 
keep up the full number of a tree, which lived 011 lUI 

11\'cmge for a thousand years, if a "illgle seed were pro
duood once in a thousand years, supposing that this seed 
were llen'r destroyed, and oould be ensured to genni· 
utne in a litting place. 1:;0 that, ill all cnsce. the a\'eragc 
numl>er of any animal or plant depends only indirectly 
011 tho uUUlber of its eggs or seeds. 

In looking at Natutc, it is most lleces&lry to keep 
tho foregoillg considerations always in mind-ne,·er to 
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for~t tbat every single organic being o.rollnd U8 may 
be said to be stri"ing to the utmOl:lt to increase in ntlm
hers; that cach lives by a stnlggle at some period of 
its life; that hc(wy destnlction ine,"itably falls either 
on the young or old, dnring each generation or at 
~\lrrent intervals. Lighten nny check, mitigate the 
de~tnJction cvcr 80 little, and tile number of the s.peciCtl 
will almost instautaneously incren..<O(! to allY amount. 

Nature of tIle CMclr. to InCTelUt. 

TIlC causes which cheek tllO natural tendellcy of each 
$pccics to increase are most obscure. Look at the 
1ll0l't vigorous species; by 88 much as it swanns in 
IIUlUbers, by SO much "ill iii! tendency to increase be 
~till further increased. We know not exll('Uy what the 
cheeks are in CVCIl one single instMre. Nor will this 
purprise any ono WllO reflects how ignorant \\'e arc on 
this head, e\'l~ll in regard to mankind, 80 incompllmbly 
better known than nny other anim!l!. This 8ubj('Ct has 
Le<:1l ably treated by SC'l'"eral authorS', and 1 ~ball, in my 
future work, diseuse some of the checks at con!'liderabJe 
length, more especially in re,;ard to the fernl animals of 
Slluth America. nero I will make only a few remarks, 
just to rcenU to the reader's mind some of the chief 
} lUints. Eggs or ,"cry young animals seem gl'uernlly to 
ulf('r most, but this is not iuvRriubly tlJ(l CRiO(!. "'itli 

plants there is a mst destnlction of seeds, bllt, from 
lOme ohsermtiOIlS which J have made, I belie\'o that it 
i~ the seedlings which suffer most from germinating 
in ground already thickly stocked with other plant& 
&>dlings, also, are destroyed in ,'ast numbers by \"Urious 
(,Demiesj for instance, on a Ilieee of ground three fcct 
long and two wide, dug and cleared. and where there 
eoulll be DO ch6king from other plant.s, I marked all the 
Il'<'illings of our IInth'e weeds as they came up, and out 
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of the 357 no 1('88 than 295 were destroyed, chiefly by 
slUb"8 and insccts. If turf which hnt! long' been mown, 
and the case would be the same with turf clO8eiy browsed 
by quadnlpcd~, be let to grow, the Illorc ,· jgoroua plante 
gradually kill the less "igorous, though fully grown 
plants: thus Qnt of twenty species growing on a little 
plot of turf (three fl.'61 by four) nine species peri!!:bed 
from the other 8JX'eies being allowed to grow up freely. 

'fhe amount of food for each specice of course giVH 
the extreme lim it to which each can increase; but very 
frequent1y it is lIot the obtaining food, but the serving 
a~ Ilrey to other 8llimal3, which determines the average 
numbers of a species. Thus, there seems to be little 
doubt that the I;tock of partridgCfl, grouse, and hares on 
ally large estatc depends chicftyon the destruction of 
vermin. If not olle head of gamo were shot during tbe 
Ilext t'vcniy yeArs iltEllgland, nnd, At the SUIIIO tilll(l, 
if no ,·ennln wero destroyed, thero would, in aU probo.. 
hility, be leA game than at pretlCDI, although hundreds 
of thOusallds of gtKlle animals are now unDually killed. 
On the oth(>r hand, in some CasM, as with the elephant, 
none are destroyed by ooasIB of prey; for oven the tig<>r 
in India mOlt mrely dares to attack a young elephAnt 
protected by iliJ dam. 

Climate plays an important part in determining the 
R'-emge numbers of R ~prei~ anll lX'riodical IIOtiOns of 
extreme cold or drought seem to be tIle most. effoctiye 
of all cherb. I estimated (chiefly from the greatly 
redueed numool"ll of nl'flts ill the spring) that the winter 
of 1&»-,);) destroyed four-fifths of the birds in my own 
grounds; lind this ill a tremendOU8 destruction, when we 
remember that ten per cent. is an extroordinarily Il6Vcro 
mortality from ellid~miC8 with man. 'l'ho actiou of eli
lllate SCCllllJ at first sight to be quite independcut of the 
struggle for existeuce; but in 80 far at!I climate chiefly 
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ads in reducing food, it brings on tho most Be'·ero 
~truggle between the individuals, whetil('r of the snme 
or of distinct spcciCfJ, which subsist on the SIImo kind 
of food. Even when climate, for instanoo extreme cold, 
acts directly, it will be the least ,·igorous, or those which 
have got least food through tho ndmneing winter, which 
will suffer most. When we travel from 80uth to north, 
or from a damp region to a dry, we iIWariubly see some 
.pedcs gradually getting rarer and rarer, and finally 
diAAppearing; and the change of climate being con· 
,,))i('uous, we arc tempted to attribute the whole effect 
to its direct action. But this is 0. false Yiew: we forget 
that each species, even where it mO!'t abounds, is con· 
stantly suffering enormous destruction at some period 
of its life, from enemies or from competitors for tho 
lamo plnee and food; and if tllCso cnemies or com
pt'titors be in tho least de;;ree favourO(I by ally slight 
change of climate, they will in~rea...qp in !lumbers, and, 
u e.8.('h area is already fully stocked with inhabitants, 
the other species will decrease. "'hen we trayel south
wan! and see a spreios decreasing in Ilumbers, we may 
frt'\ Bure tllat tho carue lies quite as milch in other 
'J"'Cil's being fa\·ourcd, t\S in this one being hurt. So it 
is when we travel northward, but in a somewhat lesser 
degree, for the number of Bpooie8 of all kinds, and 
tbt'rt·fore of oompetitors, decreases northwards j hence 
in going northward, or in ascending a mOllnta.in, we far 
ofu·nrr meet with stunted fortru!, due to the diruti!l 
injurious actioll of climate, than we do in proceeding 
lIOutbwards or in descending a mountain. When we 
I'MCh tJle Aretic regions, or snow-cappcd summits, or 
.beolute deserts, tho stnlggle for lifo is almost exc1u
lirely with the elements. 

TIlBt elimate nets in mnin part indirectly by ffl'"our· 
iDg other species, we may clearly see in the prodigious 

:.c~ OsrwlOniine 



80 CHECKS TO h"CREASE. CIIU.lII. 

number of plants in OUf gardens which can perfectly 
\IoU enuure our climate, but which never become uatu· 
rnlised, for they cannot compete with our uath"o plants 
nor resist destruction by our natire animals. 

When a Bpooies, owing to highly favourable circum· 
stUIlCes. incrcasts inordinately ill uumbers in 0. small 
tract, epidemiCti-at least, litis seems g('uerally to occur 
with our gnme 8llimfl.ls-oftcn ensue; and llcre we h,wc 
a limiting clleck indepeudent of the struggle for life. 
But c\-en some of these so-called epidemics appear to 
be due to parasitic worms, w]lich II/we from some cause, 
po&;iuly in purl through fuc.ility of diffusion amongst 
the crowded animals, boon disproportionally ftnoured: 
and Ilt~re comes in a sort of struggle between the para
site and its proy. 

On the other hand, in many cases, II. large stock of 
individuals of the SlIme species. relati\'ely to the num· 
bers of its encmiCfl, is absolutely nect:ssnry for its 
presenation. Thus we can easily mise plenty of com 
and rapo-eeed, &c., in our fields, because tho seeds are 
in great excess compared with the number of birds 
which feed OIl them; lIor can the birds, though hlnillg 
a superabundance of food at this one season, increase in 
number proportionally to the supply of seed, as their 
numbers aro checked during winter: but any ono who 
has tried, knows how troublesomo it is to get seed foom 
n few wheat or othor such plants in n garden: I hnvo 
in this case lost overy single sood. This view of tl16 
necessity of a large stock of tho same species for ita 
preservation, explains, I believe, somc singulru- facta in 
nature, such 811 that of very rM6 plants being sometimes 
extromely abundant in tho fow spots where thoy do 
occur; and that of BOmo social plants being social, 
that is, abounding in individuals. even on tho edreme 
ooufiuca of their range. For in such cases, we may 
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belif've, tll8t a plant could exifrt, only where the condi· 
tions of il8life were 80 favourable that many could exist 
together, and thus snve the spceies from utwr destrll(,'
tioo. I should add that the good elTects of frequent 
interel'088ing, and the ill effect8 of d086 illwrbrcedin~, 
probably ('Orne iuto play in some of these cnses; but on 
this intricate subject I will not here enlarge. 

Compla Relation, of all .tlnimalt and Pta"", w tach 
othrr £n tM Stru!J!Ju for ExUtCflCi1. 

Many cases are on record showing how complex and 
unexpected are the cllooks and relations bctwt,.'en or
ganic beings, which have to struggle together in the 
same country. I will give only a single in4an('(', whieh, 
though a simple one, bas interesh.>d me. 1n ::;tafiOnl· 
shire, 011 the estate of a relation, where I had ample 
means of investigation, there was a large Imd extremely 
oorrell heatll, which had nC\'cr been tonched b,' the 
haod of man; but f!e"ernl hundred acres of e~aetl y 
the samo nature had 1x>cn enclosed twenty-fho years 
previously and planted witll Scotch fir. 'rhe change ill 
the native ,'egetatioll of the planted part of the heath 
was moet remarkable, more than is generally seen ill 
pas.:;:ing from one quite different soil to another; not 
(>Dly tho IH'OIXlrtiOllal numbers of the heath-plants 
were wholly changed, but twelve species of plauts (not 
('Qunting grasses and ('nrices) 1I0urished in the planta
tion'l, which ('Ould not be (ound on tho heath. The 
{'!feet on tho insects must Illwe been stil l greatcr, for 
8ix iW!C('tivorous birds were very ('ommon ill tho plan. 
tation!'., which were not to be seen on the il('nthj find 
th!' heath Wt\!l (requent('(1 by two or three distinct. in-
8eCti,·orous birds. Here we see how potent hM been 
tl)(' elT..-et of tho introdurtion of n Binglo tree, nothing 
... hate-vcr else having been don(" with the e:(!-cptioll 
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that tho land IUIod been cndosod, 80 that cattle could 
not enter. But how important an clement enclosure 
is, I plainly II\W nenr }~anlbnm, in Surrey. Here there 
are extensive heat.hs. with a few clum~ of old Scotch 
firs on tho distant hill-top!: within tho last ten years 
large SpReCll have been endosed, and sclf-80wn firs ar(l 
now springing up in mllititudCll, IJ() c10116 togethcr thnt 
all cannot ii,'c. When I ascertained that these yOllng 
tte(!S had not been !IOwn or planted, I was IJ() much 
8urprist'<l at thcir num1x>rs that I wcnt to several points 
of view, wllenee I ('Quid ('xamino hundrcdi! of acrCll of 
tho uncnrlosed hroth, and Iitemlly I ('Quid not 800 a 
single Scotch fir, except the old planted clnmps. But 
on looking closely het1fC('n the steml of the heath, I 
found a multitude of lIeodlings aud littlo ttoeA, which 
had been perpetually browl;Cd down l"y tho catti('. In 
one square yard, at a point 8Omo hundred yards dirlant 
from ono of the old dumps, I counted thirty.two little 
ttf.'e8; and aDf' of them, with twcntY-flu rin~ of 
gro\\1h. had during many yeal"8 tried to raise its head 
aoove th(' Items of the hcaOl, and had fniled. No 
wOlld('r that, IlS soon as tllO laud W(l/J enclosed, it be
came thickly clothod with vigorously growing young 
fil"8. Yet tho hooth WfIlI 80 extremely barren amI so 
cJ:iew-i,'e that no 011(> "ould ever have imagined thllt 
caitle would have 90 riOtll"ly lind effe<>tuaUy searched it 
for food. 

ITero we IlOO that rattle absolutely determine the 
('xistenre of the Seoteh fir; but ill 81wcral parts of tho 
world ill8(lCllj determine tho e.Ustence of Ctlttle. Perhapll 
Paraguay offel"8 the most curious instnnoo of Olis; for 
here neither cattle nor horses nor dogs have ever nUl 

wild, though they swarm southward and northward in a 
feral state; Ilnd Azara and Rengger have shown that. 
this is cau~NI by tilt! greater number in Paraguay of j\ 
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certain fly, which lays its eggs in the navela of these 
animals when first born, The increase of these flies, 
uumerous as they are, must be habitually cllec.ked by 
sorn(' Ill('ans, probably by oth('r pal'(Ulitic insecta, Hence, 
ir ct,rtllin insectivorous birds W('fa to decrease in Para
h'uay, the parasitic insects would probably increase; and 
Ihis would lessen the number of the navel-frequenting 
RiC!l-tiJen cattle and hol1!Cs would become feml, and 
Ihis would certainly greatly altef (as indC<'<l I ha,'e 
ol .... 'r\·e<1 in pnrts of South America) the \'egetation; 
this again would largely affect the illS('Cu j and tbis, as 
'Ire 11Iwe just seen in Stafford:;hiro, the insectivorous 
binli!, and 80 onwards in en'f-incrcasing circles of com
plexity. We began tbis !!Cries by inIK'Cti\'orous birds, 
and we ha\'e ended with them. Not that ill nature tho 
relutions cnn ever be as simple as this. 13attle within 
bottle must ever be recurring with varying succe88; 
and yet in the long-run tile forCCll are 80 nicely ba
lanced, that the faee of nature remains uniform for 
lon~ periods of time, though 8S8uredly the merest trifle 
would often give the "ictory to one organic being oyer 
lUloth('r. X e\'erthelesa, 80 profound is our ignomnce, 
.nd 80 hi;.:h onr presumption, that we roan'el when we 
bf'8r of the extinction of au organic being j and as we 
rio D()t IMle the cause, we iuvoke cataclysms to de8(llato 
th*, ,,·orld, or iJl\'ellt laws on the duration of the forms 
or ure ! 

1 am t('mptcd to give oue more instance sllowing how 
1,lanj,( and animal.., most remote in the scale of Dature, 
are hound together by a web of C<lmplex relations. I 
.ball hcrt'after have occasion to show that the exotio 
Lobdia fulgens, in this part of England, is never \iBited 
by iOl<CCt!l, and consequently, Crom ita peculiar irtructur(', 
be1't"r can set a seed. Nearly all our orchidacoons plaDl$ 
_lutely require the ,-isita of insects to remo\'e their 
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pollen-masses and thus to fertilise tbem. I find from 
experiments that humble-bees are almost indispensable 
to tllO fertilisation of the hesrtsenso (Viola tricolor), for 
other bees do not visit this flower. I have also found 
that the visits of bees are 110CeSS(u'Y for the fertiliaatioll 
of some kinds of dover: for iustance, 20 het't.ds of 
Dntch clover (Trifolium rapena) yielded 2,290 seeds, 
but 20 other heads protected from bees produced 1I0t 

oue. Again, 100 bead!! of red e10ver ('1'. pratense) p* 
duced 2,700 seeds, hut the sarna number of protected 
heads produced not tl single seed. Humble-bees alollo 
vi.sit red clover, as other bees cunnot reuch the neetal" 
It has been suggested that moths IMy serve to ferlilisu 
tllO clovers; but I doubt this in the case of the red 
clover, frOll their weight beiIlg appl1rently 110t snfficient 
to depress the wing-petals. Heuce we lIlay infer as 
Iliglll)' prolmble tim.t, if tilt) 11'11010 gellus ofhUlnble-bees 
Oec.u.we extinct or very rare in Englllnd, the heariseflse 
Ilnd red clover would become ,·ery rfU'e, or wholly dis
appear. 'rhe number of humble-bees in any district 
depends in a great degree on the number of field-mice, 
which destroy their combs and nests; and Col. New
man, who has long attended to tho habit> of hum ble
bees, believes that "more than two-thirds of them aro 
thus destroyed 0.11 over England." KolI' the number of 
mice is largely dependent, as every OIlO knows, on tho 
lllllnbel' of cats; and Col. Newman snys, "Near villages 
and small towns I have found tha ncsta of humble-bees 
more numerous than elscwhol'c, which I attribute to the 
number of cats tlJatdestroy the mice." Hence it is quito 
credible that the presence of a felino animal in large 
1lI1mbers in a district migllt determine, throngh the 
intervention first of mice and then of bees, the f.requeuey 
of certain flowers in that district! 

In the case of evf'"ry species. mon y diffcreut checks, 
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ucting at different periods of life, find dmillg different 
seasons or years, probably come into play; some one 
check or some few being generally the most potent., but 
all concur in determining the average number or even 
the existence of the species. In some case.; it can be 
shown that widely-dim~rent checks act on tho snme 
species in different districts. When we look at the 
plants and bushes clothing au elltangled bank, we I\l'e 

tempted to attribnto their proportional numbers and 
kinds to what we call chance. 13ut how false a view 
is this 1 Everyone hILS heard that wllell Ull Americun 
forest is cut down, (l. very different vegetation springs 
up; but it haa been observed thut ancient Indian ruins 
in the Southern United States, which must formerly 
hare been cleared of trees, now display tho Sfime beuuti
ful diversity and proportion of kinds as in the SlllTound
ing virgin forests, What a struggle bctween thesevel'fll 
kinds of trees must hero have gone on during long ccn
turies, each anlll13lly SCllttering its seeds by the thou
saIui; what war between insect and insect-between 
insects, snails, and otllor animals with birds and beasts 
of prey-aU striving to increase, and all feeding on each 
other, or on the trees, their seeds and seedlings, or on 
tho othel' plants which first clothed the ground and thns 
cheeked the grOl1 th of the trees! 'throw up a handful 
of feathers, ulld all mnst fall to the ground acoording to 
definite laws; but how simple is tile problem where 
eaell shall fall compared to that of the action Dud re
action of the inmullcrabIe plants and animals which 
hanl determined, in tho course of centuries, the propOl'
!lollul numbers and kinds of trees now growing on tllC 
oldlllllian ruins I 

The dependency of ono organic being Oil another, us 
of n llUrasite on its prey, lies generally ootweell beings 
f\;wOle in the senle of nature. This is often the case 
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with those wbich IDay strictly be IBid to fJtruggle with 
web other for {'xi!o1ence, as in the ease of .1ocwu and 
grfl$&-fceding quadntpcds. Bllt the struggle almost in
variably will be mo;o:t ~e\'ero between the individuals of 
tho 8{Lmo spcciefl, for they frcqu{'ut tho snmo districts, 
require tho same food, alld aro exposed to tho SRIllO 
dangers. In the ('886 of varieti('8 of tho same specie~ 
the strull'Sie will generally be almOllt equally 8('\"ere. 
Bntl we IOmetimeil see the oontCllt 8000 decided: for 
justanN', if sen-raJ .arietiea of wheat be fJOWIl together, 
aod the mixro seed be reeown, lOme of the varieties 
wbi"h bc~t suit the soil or climate, or aro natumlly the 
mOl"t fertile, will beat the others and eo yield more 
seed, and will coDSCqtumtly in a few years quite sup
Iliant the other 'forietics. '1'0 k(!('p up a miJ:OO stock 
of creu rucll cxtrcm('ly c1080 '"nrictics I\.!I tllO mriously 
co\ouf'C(i sweet-pens, thoy mU8t be each year burvclltcd 
I!<'pamtely, and the eecd then mil:cd. in due proportion, 
othc~iee the weaker kinda ",ill stcOOily decrease in 
numoor and dbappear, F:o &e,'"'8.in with the l"aricties 
of ~ht~'r: it has been ILStIl'rted that cN1ain mountain
\'urietics will starre out other mountain-varieties, 80 

that tlwy cannot be kept togetJlcr, The same re;u1t 
11(\8 followoo from ke<!ping together different Yaridie!! 
of the mNlicinal l~h, It may c\'en be doubted whe
thcr tho varieties or any 0110 of our domestic, plants or 
animali hal'o 80 exactly tho same strength, habits, aud 
('oJl8titntion, that tho originnl I)r(lportiolls of a mixed 
Itock could be kept up for half-a-dozl'n gcnemtiollfl, if 
thoy wt'n' allowed to Itruggle together, like bein~ in 
a &tate of nature, and if the 1Ie'('li or young were not 
annually sortoo, 
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Strllfl9U for Life mott let~e between Indit-iduah ami 
Varietiu of tll.e .ame Speciu. 

As species of the same genus ha,"c usually, though 
by no means inmrinbly, much similarity in hnbits nn(l 
constitution, [lnd Rlways in slructure. tIle struggle will 
gt'ncmlly be more Be,'ere betwcen species of the same 
genus, wllcn they come into competition with each other. 
than between species of dbtin<.>t genom.. We see this in 
the recent extension O\'er parts of the United States of 
one species of swallow having causOO the decteru!e of all-
other species. The recent increase of the mi.. ....... el-thrush I ,< 
in parL> of Scotland has caused the decrease of tbe 
''':lIlg-thru~h. lIow frequently we hear of one species of 
rat tl\king the plRoo of another spceics under the most 
differcnt climates! In Russia tho small Asiatic eock-
rooeh has el'erywhere drh·en before it its great congener. 
In Australia the imported hi,'c-bco is rapidlyextermi-
nating the small, stingless native bee_ Qne species of 
rharlot'k has been known to SUpplllllt another species; 
au.11O in other cases. "~e cun dimly 8CC why the com
Jlf'lition hhonld be most so,'ere betwccn allied forms, 
.hil·h fill ncarly tho samo pIneo in the economy of 
nature; but probably in no one ClIge could we precisely 
.y .... hy one spt.'Cit'8 has been ,'iClorious o,'cr another ill 
tht> g1"l.'at bnttle of life. 

A corollary of tlw highest importallce may be deducod 
from the forC'h'Oing remarks, namely, that the structure 
or e\"t~ry orgnllic being is relntcd, in tho most essential 
yet. oftC'n hiddcn manner, to that of all oUler organic 
bcln" .... \lith whieh it comos into competition for food or 
retidt'Il,·c. or from which it has to escnP<'. or on which it 
Jlft'ys. 'Chis is oh,-iollS in the structure of the teeth and 
talOOM of the tigf'r; and in that of the legs and claws of 
the pnrosite which clings to the hair on the tiger's body. 
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But ill Hlo beautifully plumro seed of the dandelion, 
!lnd in tho flattened BIId fringed legs of tllo water-beetle, 
the relation seems at first confined to the elements of 
air and water. Yet the admntage of Illumed seeds no 
doubt stands in tho closest relation to the land being 
nlrcfl(ly thickly clothed with other plants; 80 that tho 
8('('dg may be wieldy di .. tributcd and fall on unO('· 
eupied ground. In tho water-beetle, tho structure of 
its legs, 80 well adapted for dh'ing. allows it to compete 
with other af"Juatie inFleCts, to hunt for its own prey, find 
to escape serving as prey to other finimals. 

'DIe store of nutriment laid up within the seeds of 
many plants JJe('1n!J at first sight to hal'e no sort of 
relation to othcr plants. But from the strollg growth 
of youug plants produced from such aceds (Il!! pcas and 
beans), when sown in the midst of long grn~Fl, it may be 
fm~pected that the chief use of the llutriment in tlu) 
sced is to fa,'our tho growth of tho YOllng seedling, 
whilst struggling with other plants growing Yigorously 
all around, 

Look at II plnllt in the midst of its range, why dOl'S 
it not donble or quadruple its numbcrs? We know 
thot it clln perfectly lI'cli withstand a littlo morc hcnt 
or cold, dampnc!l1i or drynCS8, for elsewhere it ranges 
into ~lightly llotter or colder, damper or dricr dhtrictfl. 
In this f.'8S(' wo ('an dearly 800 that if we wish{'(l in 
imagination to si,'e the plant tho JlOw~r of increasing 
in number, wo @houltl have to gi,'e it ~mc ad'fantage 
Ol'er its compc·titot'!l, or O'fer tho animals which ]lI'('Yl.'f1 
011 it. On tbe ('On fines of its gcogrnphi('fll mllge, a 
change of (,Oll!'{itlltion with reSiled to climate would 
clearly be nn ad\'llutngo to our plant; but we hal'e rcru;on 
to believo thnt olllya few plants or allimols mngo so 
far, that they arc destroyed by the rigour of the climate 
alolle. Kot uotil wo reach the extreme confineil of life, 

omr:o\E! ta Wor1r...a f ... n~rw , nnlin" 
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in tho Arctic regions or on the borders of an utter desert, 
"ill competition cease. The land may be extremely 
cold OJ' dry, yet t.here will be competition between some 
felf species, or between the individuals of t~e snme 
species, for the warmest or dampest spots. 

Hellce, also, wo can seo that whell a plant or animnl 
is placed in a now country amollgst new competitors, 
though the climate may be exactly the snme Il.S in its 
former home, yet the conditions of its life will h'lmerally 
bf:l changed iu an essential manner. If we wished to 
increase its average numbers in its new home, we should 
hare to modify it in a different way to what we should 
have to do iu its Il.Iltive country; for we should have to 
giro it some advantage uver a diffurent sot of com
petitors or enemies. 

It is good thns to try in our imagiuation to give nny 
form some advantage over another. Probably in no 
singlo instance should we know wlJ(lt to do, so as to 
succeed. It will convince us of our ignorance OIl the 
mutuul relations of all organic beings; 0. conviction as 
n~ry. as it seems difficult to acquire. All tbat we 
cun do, is to keep steadily in mind that each organic 
being is striving to increase in a geometrical rotio; that 
each at some pcriod of its life, during some SCUBOn of 
the year, duriug each generation or at intervals, has to 
struggle for life, aud to SUfli:lf great destructiOll. "'hen 
we reflect 011 this struggle, we may console ourselves 
\lilh 1110 full belief, that Ille war of nature is not in
cessant, that no fear is felt, tllat dcath is generally 
PI'OIllIJt, al)(l that the vigorous, tho healthy, and the 
hU}JPy Bun-h'e and multiply. 
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CHAPTER IY, 

Natural St~tiOll-ir. po,. .. er COIll~red with man', .election-il, 
llO"·e!"t.ucharacteraoftriflingimpol'tllnoe-ir.pOII"('ratalllll!t .. 
aud on bu!h ..,x-."iexUJ,1 &'J('('ti(~l-On the gcueraHly of 
intt~bel~indil'idnalaofthe_·I'of'C\eIt-Cireum. 

~ Ca'l'wrabW u..l UIlfa\"ourable to X.lura! ~leetion. namr1r. 
inkl'Cl'Cl.ill(. iIulatioo, number of iodi .. iduaJ.-.<;k,. ... .cuoo
}:J:tinCliOll cau.! by Xatural Se,1 .... ·'ioo-DivergcllC(l of tba· 
racter n'lalfd to tlill di"cnityof InhaLita.ntaofl.Dy~mall.lUo. 
and to naturaliatioo-Actiun or Natural Stll'Ctioo, thrwjl:u 
Divergt'OOl' of Character .nJ. Ezlinclioo, OIl the Il~DU fr..,llI 
• 00IIIIIl01l 11IImlt-ElIl'lainB the Groupiug of all organic b.,illgt 
-Ad,·.noo in organi""tion-Low ( .. mill I're.I'rn·d-Objo:.:li ...... " 
c:ooai<lHt..!.-lnd.-fluiw multil,lialtioo of '1 ... '(:!~ummar1' 

How will thf.' rtruggle for ex1;tencc.dUc~ too bricHy 
in the last ehallter, net in regan:! to \'ariAtion? Can 
tbe principle of !!election, which we havo seen is 80 

potent in the handa of man, apply in nature? I think 
we :iooU sec that it can net moet effectually. Let. it 00 
borne in mind in what an endtcSll number of strange 
peculiarities our dome:;tic productions, and, in a lC&iCr 
dl'gl"t'e, tboee und(·r nature, nry; and how strong the 
hereditary tendency is. t"nder domestication, it may 00 
truly I18id that the whole organisation becomes in some 
degree plMtic. But the variability, which we almOBt 
llllhoersnlly meet with in our dome.;tic produCtiOllll, is 
not directly produced, M IIookcr and Asa. Gmy have 
well rcmarkt:d, by man; he can Ilcither originate va
ricties, nor prc,"ent their occurrence; be can only pre
sefl'e and accumulate Ilucb &8 do occur; unintentionally 
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he eJ:poses organic beings to new and changing condi
tions of life, aud variability ensucs; but similar chllllges 
of conditions might and do occur under natul'(). Let it 
.llIO be borno in miud how infinitelycompiex and clOB6-

fitting are ilie mutual relatiolls of all organic beiugs to 
each other and to thcir physical conditions of life; and 
eon"equcntiy what infinitely variod dh'ersitics of struc
ture may 00 of use to each being under changing con
ditions of life. Can it, theil, 00 thought improbable, 
81~eing that variations useful to man ha\'e undoubtedly 
()(:cum:d, that other \'ariatiollll useful" ill IlOlliO way to 
tw'h being in the great and complex battle of life, 
should IlOmctimes occur in the courso of thousands of 
genemtions? If Buch do occur, cau we doubt (tcmem
bering that lIlany more indh'idunls aro oorn than can 
possibly s\lf\'ivo) that individuals ha\'ing any advan
iagt', however slight, o\'er others, would llave tho best 
<'ilOnee of ~urvi\'iug and of procreating their kind? 
On tho other hand, we may feel sure that Illly mria
tion in the least degree illjurioilll would be rigidly 
til'>'troycd, This presen'ation of fa"ourable mriations, 
and the rejection of iujuriollil ,-anatioll8, I call Natural 
tStolet'tion. r ariatious neither uaeful nor injurioilll would 
DOt be alTected by natuml selection, and would be left 
• fluctuating element, as perhaps we 800 ill tho species 
called polymorphic. 

&'\'cra! writers ham misapprehended or objected to 
the term Natural Selection. Somo have even imagined 
that lIatural selection iodu('(lS yariability, wheroM it 
implit:tI only the prescn·ation of such \'8riatiOIllJ as OCCllt 

anti are beneficial to the being ullder its conditions of 
life. Xo 0110 objects to agriculturists speaking of the 
potent elleets of man's selection; Aud in this case the 
iDdh·idual dilTl!tcnces given by nature, which man for 
lOme oLjl.'Ct 8£.'lect.s, UlUBtof neceS<lity first occur, Otbers 
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ha,e objected that the term selection implies conscious 
choice in the animal!! which become modified; and it 
has even been urged tMt, as plant.'l ha,e no volition, 
natural selection is not appliCil.blo to them! In the 
liteml seuse of the word, no doubt, natuml selection is a 
niisnomer; but who ever objected to dlemist.'l speaking 
of the elediya affinities of the various element.'l ?-and 
yet an acid cannot strictly be SIlid to elect the base with 
which it will in preferellce combine. It hM been SIlid 
that I speak of natural selection fiS an active power or 
Deity; but who objects to an author speaking of the 
attractioll of gT/wity M mling the movements of the 
planets? Everyone knows what is meant and is im· 
plied by such metaphorical expressions; and they are 
almost necessary for brevity. So again it is difficult 
to avoid personifying the word Nature; hut I menn by 
Nature, only the aggregate action and prodllct of muny 
natural laws, and by laws the sequence of event.'l M 

ascertained by us. With a little familiarity such super
ficial objections will be forgotten. 

Wa sl1(1.1I best understand the prob.'\ble course of 
natural selection by taking tIle rase of a country uuder· 
going some slight physical cllangc, for instance, of 
climate. 'fhe proportional numbers of its inhabitants 
would almost immooiately undergo a change, and some 
species might become extinct. We may conclude, from 
what we have seen of the intimate and complex manner 
in which tha inhnbitants of each country are bound 
together, that any changa in the numerical proportious 
of some of the inhabitants, independently of the change 
of climate itself, would seriou~ly affect many of tlle 
others. If the country were open on it.'l borders, llew 
forms would certainly immigrate, and this also IVonld 
onen seriously disturb the relations of some of the fomwr 
inhabitants. Let it be remembered how powerful the 
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influ,>n.-e of a siugle introduced tree or mammal has 
boon shown to be, But in the ('88(l of an i~IRlld, or of a 
country partly surrounded by oorricl'8, into which new 
aud better lVio.llted fonns could not freely cliter, we 
allOuM then have places in the economy of nature which 
would as.'IUTodly be better filled up, if some of the ori
ginal inhabitanb were in some manner modified; for, 
harl the area been open to iwmigrntion, these same 
plaoo! would ho.\'e been seized Oil by intruders. III (;uch 
ca..;c, e"ery slight modification, which in the course of 
ag\'iI chanced. to ari3e, and wl!ich ill any way fl\\'ourro 
the iudh'idun18 of ony of the llJl6I'il"A, by better adapt
iOf! them to their altered condition'\ would tend to be 
pn.'1:"'TI'Ctl; ami nnturnl selection would thus 11&1'e free 
IOOpe for the work of impro,'ement. 

We have rctUIOlI to bclicl'e, 1\8 stated in the fil"!lt 
chapter, that n chauge in the oollditions of life, by 
8lk~'i ally acting on the reproductiv~ sYlltcm, causes or 
inl'l"I'll.'I('!j variability; and in the foregoing l'Q8(> tho 
('Ou,!itiuus of ]ife are suppoeed to 1,0,'0 undergone a 
cbaOJ:l', and this would manifelltiy be fal'oumble to 
natural &election, by giving a better ell/UlOO of pro6tJ\bJe 
varilitinllS occulTing; and unless profitable nrintioru do 
OCI,'ur, natural selection can do nothing. Not that any 
t'xtn.'me amount or I'Ilrinbility is IIC<'0118ary; lUI Illan cnn 
I'I"rtninly produoo great resnlts by adding up in any 
gin'n (liruttiotl mcre indh'idual differences, !JO could 
natural aeleC'lioll, but far morc easily, from haYing in
oomrlllrably longer time for action, Nor do 1 belicI'o 
thllt any great phYHical change, as of cliIllRIf', or any 
ullnsual degree of isolation to chl'Ck immigratinn, is 
., .. t!llllly n6N'l!Sary to produce new and ullOC('ullied plaC'f'S 
fur natural ""It'(,tion to 611 Itp by modifying and im
"Nring lOme of the varying inhabitant'<. l"or 8.!1 all 
the inhabitants of each country arc struggling together 
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with nicely balanced forces, extremely slight modifi
cations ill tho structure or habits of ono iDllIlbiront 
would often give it an ndnmtngo o\"er others; and still 
further modificatiolls of tho Mrne kind would often still 
further increase tho advantage. as long as the being 
continued under tho same conditiollS of life and profited 
by similar moons of subsistence and defencf'. No coun
try Cil.ll be named in which all tho native inhabitants 
arc 1I0W 80 perfectly adapted to each other and to tho 
physical conditions under which they live, that 1I0ne of 
them could anyhow be impro\-oo; for in all countries, 
tho natives have been 80 far conquered by lllltumliSNI 
productions, that they hayo allowed foreigners to take 
firm po8!lCS8ion of the land. And fI8 foreigners have 
thus everywhere beaten some of tho natil-es, we may 
safely conclude that the natiY(!8 might have been modi
fled with advantage, 80 as to have better resffitcd sueh 
intruders, 

.As man can produce and certainly has produced a 
great result by his methodical and unconscious means 
of selection, wbat may not natural selection cffect? 
Man can act only on external and ,'isiblo c.haracters: 
Nature (if 1 may be allowed thus to pcl'i!Onify the na
tural preservation of varying and flll'oured individuals 
during the struggle for existence) cares nothing for 
appearances, except in so far as they are useful to 
any heing, She can net on c,'ery internal organ, on 
c\""ery shad(' of constitutional difference, on the wbole 
machinery of life. )ran selects only for his own good; 
Nature ollly for that of the being which she tendK 
Every S(!lcctcd eharacter is fully exerci>;(X1 by her; and 
tile being is l>laccd under well-suitcd conditions of life, 
Mau keeps the llativCil of mallY climates in the same 
country; h9 seldom exercises each selected character 
in some peculiar and fitting manner; he feeds a long 
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and tl short beaked pigeon on tIle same food; he does 
not ~xercise (l. long-bu.cked or long-legged quadruped in 
any pecujinr manner; he exposes sheep with long and 
short wool to the sarno climate. He does not allow the 
Illoat vigorolls males to stnlggle for the females. He 
does not l·igidly destroy nil inferior animals, but protects 
during oMh varying season, as fnr as lies ill his power, 
all his productions. He often begins 11is selection by 
some llftlf·monstrons form; or at least by some modi
fication prominent enough to catch Ilis eye, or to be 
plainly useful to him. Under nature, the slightest dif
ference of structure or constitution may well turn the 
nicely-bnlanced scale in the struggle for life, and so 
be prcserved. TIow fleeting ~are the wi.shes aud efforls 
of man I how short his time I and consequently how 
poor will his products be, compared with those accumu
lOoted by Nature daring whole geological periods! Can 
we wonclor, thon, that Nature's prodnctions should be 
far" trucr" in character than man's productions; thnt 
they SllOuld be infinitely better adapted to the most 
complex cond.itions of life, and should plainly bear the 
stamp of far higher workmanship? 

It Illay metaphorically be said that nntural selection 
is daily and hourly scmtinising, throughout the world, 
ew~ry variation, even the sliglltest; [·ejecting tlmt which 
is bad, preserving and adding up all tllBt is good; 
silently and illscnsibly working, whenever and wherever 
opportunity offers, at the imprOVemellt of each organic 
being in relation to its organic and inorganic condi
tiollS" of life. We Bee nothing of these slow changes in 
progrc~~, unt.il the hand of time has marked the long 
1a}l!'O of ages, and thcm so imperfect is our view into 
long-past geological ages, that we only soo that the 
forms of life nre now different from what they formerly 
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In oroer that any great amount of modifi('8tioD should 
thus in the course of time be produced, it is n~ry 
to believe that when B variety has once arisen, it flf,"nin 
varies, o.Qer perhaps a long intcn'sl of time; and tlu\t 
its \'arietics, if favourable, are again preserved, and 80 

onwards. That \'arieties more or ll'ill different (rom 
tho pnrcnl-6tot'k occasionally arise, few will deny; but 
thnt the Jlroc&id of mriation should be thllil indcfinitcly 
prolonged is an lUlSumptioll, the trutll of which mllst be 
jwlged of by llOw fill' the hypothcsis accords with and 
cJ:l,inills tho b"Cncra1 phenomena of nature. On the 
other hnud, the ordinn.ry belief that tho amount of p0s

sible mriation is 8 strictly limited quantity is likewise 
a simple assumption. 

A1though natural selection can act only through and 
for the good of each being, yet ('hametel"8 aud stnlctur(>!i, 
which wc are apt to consider as of "cry triOiog import
alice, may thus be acted on, Wben we 800 leaf-enting 
insec18 green, and bark-feeder\! mottled-grey; tbe a1lline 
ptnnuigan white in wiater, tho red-grouse the colour of 
hellther, and the blnck-grouse tbat of penty earth, we 
mll:;t believe that these tints are of sen-ice to the86 
birds and insects in prceenlng them from danger. 
Grouse, if not destroyed at BOrne period of their Ih'C!I, 
would in{'rcase ill countlej;!l lIumbel'll; they are known 
to suffer largely from birds of prey; and hawks aro 
gtlided by eyellight to their prey---80 mu('h flO, that 011 

parts of the Coutineut persons are wamed not. to kN'p 
white pigeons, as being tho most liable to destruetiou. 
Hcnce I cnn see 110 re88011 to doubt thnt natural fl('1cc
lion might be most etrecti \'e in giving the proper colour 
to elleh kind of grouse, and in keeping that colour, 
when once acquired, true and constant. Nor ought we 
to tllink that the occasional destruction of nn Rnimal 
of nlly purticular colour would produce little effect: 110 
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should remember how essential it is in a flock of white 
sheep to dcstroy ovcry lamb with tho f!lilltest trace of 
black. We hll.\"o seen how in Florida tho colour of 
tho hogs, when feeding on the" paint-root," determine!! 
whethcr they shall live or die. In plnnts the down on 
tile fruit und the colour of the flesh are considered by 
botanists as cll(lrllCtcrs of tho most trilling importnnce: 
yet we bear from nu excellent horticulturist, Downing, 
that in the United States smooth-skinned fruits "suffer 
far more from 8. beetle, a curculio, tll(ln those with 
dowu; that pU'1J1e plums suffcr far more from a certain 
dL!ease lhau yellow plums; wllcreas Ilnother disease 
attacks yellow·f1eshed peachcs far more thaD those with 
other coloured flesh. If, with all the aids of art, tbese 
slight dill'crenccs make a great difference in cultivating 
tho sevomi vnrieties, Ilssuredly, ill a stnto of nature, 
whero the trees would have to struggle with other trees 
and with a host of enemies, such differenccs would 
effectually settle which variety, whether I~ smooth or 
downy, a yellow or purple fleshcd fruit, should succeed. 

III looking at lllilny small points of diffcrence be
tween speeies, which, as far WI onr ignorance pennits 
US to judge, 800m quite unimportant, we muat not forget 
tliat climate, food, &c., probably produce some slight 
and direct effect. It is, !Jowe"er, fo.r more necessary 
tu benr ill mind that there nre many Iluknown laws 
of correlation of growth, which, when ono pnrt of the 
organisation is modified through varil.tion nnd tho modi-
6catiOIUl are accnmulated by natuml selection for the 
good of the being, calISe other modillcations, of tOil of 
the most uncxpected nature. 

All we see that those variatioDs which under domesti
('Ation 1l11j>eo.r at any particular period of life, tend to 
reappear in the off ... pring at tile 8llme period ;-for in-
1Iance, in the shape, size, and flavour of tho seeds of 

F 
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the manr mrieties of (lur culinary and agricultural 
1)lauts; in the caterpillar and cocoon stages of the l'a

rieti('8 of the silkworm; in tho ('~ of poultry, and in 
tho colour of the down of tIlcir ('hiC'keIl8; in the hOmB 
of our sh('(!p aud cattle when ncarly adult j--fiO in a 
,tnlo of IIl\tllf<', nntural Itj·loctiotl will be enabled to a.ct 
on an<lmodify organic beings at any age, by the accu
mulation of mriation.s prolitable at thllt D."....-e, and by 
their iJlIJPrit~n("6 at a corresponding age. If it profit. a 
Illont to 111\\'6 its seeds more and more widely di3llClDi. 
nat.'<I by the wind, I can see no greater difficulty in this 
Ix·ing dl't,-'cted through Ilatural 8d~"Ctioll. than in the 
('QUoD-planter increasing and imlJrQving by selection 
the down in the pods on hill cotton-tree8. Natural 
sek'<!tion may modify and adapt the Inn'R of an i.nsect 
to a score of contingencies, wholly different from those 
which concern the mature inseet. l1lCse modifications 
will prooobly affect, through tbe laws of correlation, tile 
structure of the adult; and Jlf'rbaJl8 in tbe case of thoee 
illliCcts which li,·e only for a fcw hours, and which ne,.er 
f~l, a large part or their strueture is merely the 001'
relat/ott ~~1l1t of sll('('essh·o ChBII~ in the structure or 
their larne. So, con,.ef81.:ly, modificatioDs in the adult 
will probably orten afft'cl th(> structure of tbe lana i 
but ill all CnseII natural selection will cllSllre that mo
difications (,{)llllCqllent on othcr modificatiolls at a dir
rorent period of life, ~hnl1 not be in the Icast degree 
injuriollll: for if they became so, thoy would cause the 
I'xtinrtion of the species. 

Natural selectioll will modify tho structure of the 
young in relation to the porent, and of the parent it. 
relation to the young. Iu lIO("ial animals it \\ ill ada,. 
the stnlcture of each indi,·idu.al ror the benefit of the 
community; if each ill con:!C<Jucnoo profits by the 
&elected cbllDge. What natural selection cannot do, • 
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to modify tile structure of one species, without giving 
it any advantage, for the good of another species; and 
though statemellts to this effect may be found in works 
of natural history, I cnnDot find one case whi(:h will 
boor illl'estigo.tioll. A. structure used only once in aD 
8.Uimal's whole life, if of lligh importance to it., might 
be modifiod to any extent by natural solection; fat in
stance, the great jaws possessed by certain insects, used 
exclusively for opening the cocoon-or the hurd tip to 
the heak of nestling biI'ds, used for breaking the egg. 
It has been asserted, that of ille best sllOrt-beaked 
tumbler-Iligeons more perish in the egg thall are able 
to get out of it j so that fanciers as.:.'1st in tlle act of 
hatching. Now, if nature had to make the beak of a 
full-grown pigeon vcry short for the bird's own ad. 
vantage, the process of modification would be very slow, 
and there would be simultaneously tho most rigorous 
selection of tho young birds within tho egg, which had 
the most powerfnl and hardest beaks, for all with weak 
beaks would inevitably perish; or, more delicate and 
more easily broken shells might be selected, the thick
De88 of tlle shell being known to "ary like every other 
!!Uucture. 

Sexual Sekctfml. 

IIlll8UlllCh ns peculiarities often appear ulldcr domes· 
tication in ono sex and become hereditarily attnched 
to that sox, the sume fact probably occurs under 
nature, nnd if so, nutural selection will be able to 
modify one sex in itB fUllctional relations to the other 
II8I, or in relation to wholly different habits of Life ill 
the two sexes, us is sometimes the co.sa with insects. 
ADd this leads me to say a few words on what I call 
Sexual Selection. '1'00 depends, not on a struggle for 
cbiteuce, but on n stl'Uggle between tho males for po&-

~. ::! 
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&elISion of tbe females; the result is 1I0t deeth to the 
unsuCCC88f'ul competitor, but few or noofrspring. SexlIlll 
selection is, therefore. Jess rigorous thll.lI natural 8('icc
tion. Generally, the most vigorous malCfl. thosc which 
are best fitted for tbeir plnce8 in uature, will leayo most 
progeny. But in many C88C11, yictory depends not on 
geneml Tigour, but on haviJlg special weapons, confined 
to tbe male sex. AhornlCSllsUlgorspurless cock would 
have a poor chance of leaving offspring. SCl:ual selec
tion by a1ways a110wing the victor to breed might 
IRU'Cly give indomitable coumge, length to the 8llUf, 
and strength to tho wing to strike in tho spurred leg, !l8 

'1'011 IUl the bnltal cockflghtcr, who knows well that he 
can UnllI'Qve his breed by careful selection of tho best 
cocks. How low in the 8C81o of nAture the law of 
battle descends, 1 know not; male alligators have been 
described as fighting, bellowing. and whirling round, 
like Indians in a war-dance, for tllQ po88Cssion of the 
females; malo 8Illmoll./J have been seen fighting all day 
101l~; male 8tag-beetles IIOmctime8 bear wound8 from 
the huge mandibles of otber males; tile males of certain 
hymenopterous insects have been frequcntly 8C<!n by thnt 
inimitable obscn'er l\L :Fabrc, fighting for a. particuinr 
female, who sits by An apparently un('Oneemoo beholder 
of the strugg:le, and then retires with the conqueror, 
'I1le war is, perhaps, so\'ercst between the males of 
1)()lygamou8 animaiB, and theso seem oftenest prm'idoo 
with IlJX!<'ial weapons. The males of camh'Orous ani mala 
are aJrro.dy well annoo; though to th('m and to otllt'f"S, 
8pccial means of defence may be gil'en through means of 
sexual &cleclioll, WI the manc to the lion, the 8houlder
pad to the boor, and the hooked jaw to the wale salmon ; 
for tho shield may be as important for ,·ictory, as the 
sword or 8pear. 

Amongst birds, the contest is often of a more flC8Ccful 
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character. All those WllO have attended to the subject, 
believe that there is the severest rivalry between the 
males of many specie'! to attract by singing the females. 
The rock-thmsh of Guiana, birds of Paradise, and some 
others, congregate; and s11ceessivo mnles display tbeir 
gorgeous plumage and perform strauge antics before the 
females, whicll, standing by IlS spectators, at last choose 
tIle most attractive partner. Those who have closely 
attended to birds in confinement well know that they 
often take individual preferences find dislikes: thus 
Sir R. Heron has described how one picd peacock was 
eminently attractive to all his hen birds. It may 
appenr childish to nttribute any cfTect to sneh uppa
reutly weak menns: I cannot here enter on the details 
necessary to support this view; but if mall can in 0. 

short time givo elegant carriage and beauty 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 generatiolls, the most melodious 
or benutifnl males, ilcoording to tlleir standnrd of beauty, 
might produce 0. marked effect. J strongly SllSpect that 
some well-known laws, with respect to tIle plumage of 
mate Dud fcmnle birds, in eomparil!Oll with the plumage 
of the young, can be explained on the view of plumage 
having beetl chiefly modified by sexllnl selection, ilcting 
when the birds have come to the breeding age or 
during tho breeding season; tho modificatiolts thllS 
produced being inherited nt corresponding ages or 
seasons, eitller by the mnles illol1e, or by the milleg 
and females; but I have not space here to enter 011 

this subject. 
Thus it is, as I believe, that when the mill09 and 

femaleg of nny animal have the 8Ilwe general habits 
of life, but differ in structure, colour, or ornament, such 
difft:renccs have been mainly caused by sexual selee-

____ ©The ComDlete Work of Chari s rwn nli 



102 ILLUSTUATIO:-iS OF THE ACTIO:-; OF CFlAP. TV. 

tioo; that is, individnal males have had, ill successive 
generations, some slight advantage Gl'or otllOr mniel'. 
in their weapons, means of defence, or charms; and 
have transmitted these adrantagcs to their male off
spring. Yet, I would not wish to attribute aU such 
sexual differences to this ngcney: for we 8ce peculi
arities arising and becoming nttllched to the male sex 
in our domestic aniruai.r; (as the wattle in malo carriers, 
hOfn-like protuberances in the cocks of certain fowl!!, 
&e.), which we cannot believe to be either useful to the 
males in battle, or attractive to the females. 'Vo BOO 

analogous cases under nature,-for instance, the tuft of 
hair on the breast of the turkey-cock, which can hardly 
be either useful or ornamental to this bird i-indeed, 
had the tuft o.ppeare<l under domestit'il.tion, it would 
havo been cnllOfI a monstrosity. 

RIUBtratiom of the ActiOll rif Natural Seledion. 

In order to make it c1enr llOw, ns I believe, natuml 
selection acts, I mmt beg permi.-.sioll to gire one or two 
imnginnry illustmtions. Let us take the case of 0. wolf, 
which preys on yarious animo.ls, securing some by emft, 
some by strengtb, and some by fleetness; and let us 
suppose that the flootest prey, a deer for instnnce, had 
from any clmngo in the country increased in numbers, 
or that other prey had decreased in numbers, during 
that senwn of the year when the wolf is hardest pres30d 
for food. Under such circumstances the swiftest nnd 
slimmest wolves would have the best chnllce of sur. 
viviug, and so be preserved or selected,-provided 
always that they retained strength to master their prey 
at this or at some other period of the year, when they 
might be compelled to prey on other animals. I can 
soo 110 more reason to doubt tills, than that man can 
improve the fleetness of his greyhounds by co.reful and 
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methodical selection, or by that unconscious selection 
which rcsults from each man trying to keep the best 
dogs without any thought of modifying the breed. 

Even without any change in the proportiollal numbers 
of the animals on which our wolf pl'eyed, a cub might 
be born wit.h an innate tendency to pursue cClinin kinds 
of prey, Nor can this be thought very improbable; for 
we often observe great differencee in the natural ten
dencies of OUl' domestic animals; onc ellt, fot instance, 
taking to catch ml~, anothel' mice; one cat, acoordingto 
Mr. 81. John, bringing home winged game, another hares 
or rabbits, and another hunting on marshy ground and 
almost nightly catching woodcocks or snipes. The ten
.dency to catch rats rather than mice is known to he 
inherited. Now, if any slight innate cltange of habit or 
of structure bellefited an individunl wolf, it would llave 
Ole bcst cllUnce of SUI'vivillg fl.lld of leaving offspring. 
Some of its young wonld probably inherit the same 
habits or structure, and by the repctition of this process, 
II. new variety might be formed which would either sup
plant, or cOt'xist with, the parent form of wolf. Or, again, 
the wolves inhabiting a mountainolls district~ and those 
frequenting the lowlands, would naturally be forced to 
huut different prey; and from the continued preserva
tion of the individuals best fitted for the two sites, two 
varieties would slowly be formed, 'rheae varieties would 
cross and blend where they met; bnt to this subject {If 
intercrosaing we shall soon have to returll. I roay add, 
that, according to Mr. Pierce, there arc two I'arieties of 
the wolf inllabitillg the Catskill !I0I1ll1ab18 ill the United 
Rlates, one with Il. light greyhound-like form, which pur
sues deer, and the other more bulky, with shorter legs, 
which more frequently attacks the shepherd's Hocks. 

Let 119 now take a more complex CIlSC. Certain pla.nts 
excrete a sweet juice, app..'l.rcntly for the sake of elimi-
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Dating something injurious from their sap: this is 
effected by glands at the bllSO of the stipules in som~ 
Leguminosro, and at tho back of tho leaf of thecommon 
lamel. This juice, though small in quantity, is greedily 
so\lght by insects. Let us now suppose a little sweet 
juice or nectar kl be excreted by tho inner bases of tho 
petals of a flower. In this case insect.'! in seeking the 
nectar would get dusted with pollen, and wonld eertaillly 
often transport tho pollen from ono flower to the stigma 
of another flower. l'heflowers of two distinct individuals 
of tho sarno species would thUll get crossed; and the 
act of crossing, we llave good renson to believe (as will 
Jwreafter be more fully alluded to), would produce very 
vigorous seedlings, which consequently would have the 
best chance of flourishing und surviving. Some of theso 
BOOdlings would almost certainly inherit the ncctnr
excreting power. Those individunl flowers which had 
the largest glands or nectaries, and which excreted most 
nectar, would be oftenest visited by inSflCts, and would 
be oftenest crossed; and 80 in the long-run would gain 
tho upper hand. Those flowers, also, wllich had their 
stamons and pi~tils placed, in relation to the size and 
habits of the particular illseCts, which visited them, so liS 

to favour in any degree the transportal of their pollen 
from flower to flower, would likewise bo favoured or 
selected. ,Ve might have taken the case of inscct3 
visiting flowers for the sake of collflCting pollen instead 
of nectar; and as pollen is formed for the BOle object 
of fertilisation, its dostruction appears a simple loss to 
the plant; yet if a little pollen were carried, at first 
occasionally and then haLitually, by the pollen-del'our
illg insecl.s from flower to flower, and a cross thus 
effected, although nine-tenths of the pollen were de
stroyed, it might still be a great gain to the plaut; 
and those individuals which produced more and more 
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pollen, and had larger and larger anthers, wou1d be 
..elected. 

When our plant, by this process of tho continmxl 
pre!ll'rvution or natural selection of morc and more 
.ttracti,·o flowers,. had been rendered highly attractil"e 
to insects, they would, unintentiollally on their part, 
n.·gularly carry pollen from flower to flower; and that 
tht'Y can effectually do tills, I could easily show hy 
many 8triking instances. 1 wiD gh'e only ouo-not 
.. a \"C'ry 8triking CiI8C, bnt as likewise illustrating ono 
Itep in tho 8eparation of tile sexes of plants, presently 
to be allufled to, Somo holly~trccs bear only male 
!lowers, which have four stamens producing a mther 
IIDlAll quantity of JXlllcn, and a rudimentary pistil; 
other holly-trees bear only female ftowers; tlief!{> hu,'c a 
full-.;ized Ili:;tiI, and four stamens \I ith shrivelled anthers,. 
in which IIOt a grain of pollen can be detected. lla"ing 
found a femalo tree exactly sixty yards from II. male 
tret>, I put the stigmas of twenty flol'!"Crs, taken from 
diffl'n'nt bronches, under the microscope, und on ali, 
without exception, thero were polJen-gmius, and 011 
lOme a IlrofUliion of pollen. .As tho wind had sct for 
.... reral &y8 (rom tho female to the male tree. the 
pollen could not thus have been carried. The weather 
had been cold and boisterous, and therefore IIOt favour
able to bees, Ileverthclese e"cry female no",~r which 
I examined had been effectually fertilised by the bees, 
~('ntally dusted WitJl pollen, ha"iug HOlm from tree 
to tree ill scarch of nectar, But to retum to our 
imaginary case: as 80011 as the plaut bad been ren
dered so highly attmt-ti,·e to insects that pollen WB8 
regu1arly carrk-d from flower to flower, anoth{'r pro
.,. mi;!ht commence. No naturnlistdoubts the lUll-an
tage of what has been caUed tho " phy8iologif'nl divi· 
lion of llILour j" hence we lDay bctic,'e that it would 
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be advnntagoous to fI. plaut to produce stamens alone in 
one Hower or on one wholo plnnt, nnd pistils alone iu 
another flower or on auother 1)lant. In plants uuder 
culture and placed uudor new conditions of life, some
timos the male organs and sometimes the female organs 
become more or 16SIl impownt j now if wesuppo~this to 
()('Cur in ever 80 slight a degree under nature, then, as 
IJOUen is already carried regularly from flower to flower, 
and as a more complete separation of the sexes of our 
plaut would be advantageous on the principle of the 
division of labour, individuals with this tendency more 
and more increased, would be continually fU"oured or 
flClectod, until at lMt a complete separation of the sexes 
would be effected. It would take up too much space 
to show the varillus steps, through dimorphism and other 
means, by which the separation of tbe sexes in plants 
of various kinds is apporently now in progress; but 
1 may add tllat some of the species of holly in North 
America are, !I.CCOrding to Asa Gray, in an intermcdiato 
condition, or, 88 he expresses himself, the flowers arc 
more or less diceeiously polygamous. 

Let us now turn to the lloctar.foooing illsects in our 
imaginary case: we may suppose the plant of which we 
have been slowly increasing the nectar by continuod 
selection, to be a common plnut j and that ccrtain in
sects depended in mBin part on its nectar fot food. I 
could give many facts, showing how anxious bees are 
to saye time: for instance, thcir Jlabit of cutting holes 
and sucking the lIoctar ELt the bases of certain Bowen, 
which they can, with a very little more trouble, cuwr 
by the mouth. l3eo.ring such facts ill mind, it may be 
believed that an accidental doviation in tho size and 
form of the body, or in the curvature and leugth of the 
proboscis, &e., far too slight to be appreciated by us, 
migbt profit ~ bee or other insect, 80 that fLO individual 
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10 ('haracierited would be able to obtain ita food more 
quickly, and 80 have a better challCO of li"ing and 
koa .. ing d('fl('(!ndo.nt3. Its dcsccndants would probably 
inherit 0. tendency to 8. similar slight d('\'iiltioll of struc
ture. 'l'ho tubes of tho coroJJn of the common red 
and incnrnate e1ovel1l (Trifolium pratenso /lnd inC'Qr
DAtllln) do 1I0t 011 a hasty glnlloo appcar to difTer in 
length; yet the hive-bee can easily 8u('k tho n('('tAr out 
of tho inearnate clo,-er, bllt not out of the common red 
clover, which is visited by humbl('·bces 0.1011(,; 80 t118t 
.bolo fidds of the red clover offer in '-ain au abundant 
apply of precious nOC'tar io the hi\'(~ .. bee. That this 
DIC'ttlr is much liked by the hi'-e·bee hi cl-rtaill; for I 
ha .. e ft'pcatcdly seen, but only in tho autumn, mauy 
}U .. e-lx'e~ Bucking the flowers through holCfl in the base 
f1l the tube which had been bitten by humblo-bees. 
The di/Tcrenee in the length of tIlC rorolla ill the two 
kinda of e1orer, which determines tho ,-jsit.s of the hive
bee, mu~t be very trifling; for I 11I\\'6 been R88Ured 

that lrll<'n red clover has boon mown, tho flowers of 
the ileCond crop are 80mewhat smaller, and that these 
are abundantly "isiled by hh'e-betiL 1 do not know 
.~er this statement is accurate; nor whether au
other publi,<hed statement can be trtlllte<i, namely, that 
&he Ligurian 1>&>, which is generally considered a mere 
ftriety an,1 which fTC(lly Cro8.'l('!l with tho COIllmOl1 hive
bee, iI ablo to roach and suck the nectar of the common 
red clover. '1'111111, in ft. country where this kind of clover 
abottnded, it might be a great adnmtago to the Ilive_ 
... to have a IIligbtly longer or difi'~rently ronstrndoo 
poboecis. On the other hrul'l, lUI the fertility of this 
IIonr abeolutcly depends on bees moving tho pt>tals, 
if.umble-bce& were to becomo rare in allY cowilry, it 
.up, be. great Q/lvantage to tbo plllllt to ha,'e a shorter 
.aore det-ply dhideJ corolla, 80 that hi\'&'~i ~houlJ. 
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be indll~1 to slIck it.! Rowers. Thus I eRn understand 
how a flo;cr and II. boo migllt slowly become, either 
simultnuoousiy or ono after the other, modified and 
atlapted in the mOflt perfect llinJUlcr to eacb other, by 
tho continued prescn'ution of individunls presenting 
alight deviatiolls of structure Illutually favourable to 
each other. 

I am well aware that t1ili1doctrillC of natural selection, 
exemplified in the above imagiD8ry illstanC(!fl, ig open to 
the same objections which wore (It first urgoo against 
Sir Charles Lyell's noble views on "the modem changes 
of the earth, as illustratim of geology;" but wo now 
seldom hear the action, for instance, of the cOOIIt· .. nl.VCs, 
called fl. trifling and insignificnnt cause, when applied 
to the excavation of gigantic valleys or to the formation 
of the longcst liuC8 of inlunct cliffs. Natural selectioll 
can act only by tho preservation and accumulation of 
small inllCrited mo<iifieutions, each profitable to tllO 
preserve,i being; and tiS m()<iern geology hIlS nlw06t 
banished 8ul'.h views as the uCD.\·ation of a great vnlley 
by a single diluvial w(we, 80 will naturnl selection, if it 
be a true l)rinciple, bnnish the belief of the continued. 
creation of new organic beings, or of any great and 
sudden modifications in their structure. 

On the Intercrouing of Indittiduau. 

I mu~there introduce a shortdigressioll. In the case 
of animals nnd plants with separated sexes, it is of course 
ob\'ioll~ that two illdh'idllals must always (Ilith the excep
tion of the cunous and not well·undenstood cases of par
thenogencsis) unite Cor each birth; but in the case of her
maphrodites this is far from obl·ious. Nevcrtheless I am 
strongly inclinod to OOlio,·o that with all hermapbrodites 
two individuals, eithcr occnsionaUy or habitually, concur 
for tIle reproduction of their kiud. This I'iew was first 
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I1J{rgC8too by Andrew Knight We 8hall prrscntly see 
ita importance; but I must here treat the subject with 
extrt'me bre\'ity, though 1 ha\'e the materiala prepared 
for all ample diacussion. AJI vertcbrate animals, all 
inseets, and IIOmc other largo groUp8 of animals, pair 
for each birth. 1\[oderu research haa much diminished 
the number of 8uPI>OSCd bermaphroditCf'l, and of real 
bermaphl'Oditefl a largo numbt·r pair; that is, two iodi· 
TiuunLi regularly unite for reprodudion, which is all that 
{'oIlCl'rns 1.1& Hut still thcre are many hcrlUaphrodite 
auimal" which ('('rtainly do not hal,itually pair, and a "lISt 
majority of plants are hennallhmlitc8. Wbst rellSOn, 
it may be asked, is there for supposing in tile;«' eases 
that two indh'idllrus ever concur in rt'Jlroduetion? As 
it hi illll~ibio hcre to enter Oil ddail~, I m\lJ;t trust to 
lOme gCllernl coll;;iderntions alone. 

In tho fil'!!t pl8('c, I ha\'o collected 110 large a body of 
fal'UI, sllowing, itt aecordanco witi, the alUlost universal 
belil·f of brC!«l.crs, that with animals aud plallte a cross 
betwcell ditTct('nt mrieties, or between indh'iJuals of 
the MllIe mrir·ty but of another 81min, gh'cs vigour and 
fertility to the offspring; and on the other Iland, that "'* intt·rbreeding diminishes \'igour aud fertility; that 
tbeee farts alone incline mo to believe that it is a 
g.lDetC\1 law of nature (utterly ignorant though we be 
of tb(l nl('aning of the law) that 110 organic being fer
till .. itllf'U fur all eternity of gellerntiollll; but that a 
CI'08II with Mother individual is occasionally-perhaps 
M very long illt(lr\'als-iodispensablc. 

011 the belief that this is a Jaw of lIature, wo call, I 
think, un.lerstand sc\"ernl large clft8llCtl of facts, such as 
the (oll"","ing. which on any other view arc ioexillieahle. 
Every hybridizer knows Il0w unfa\'ollTable CXpOilllM to 
wet ie to the fertilisation of a flower, yet what a multi· 
t.Je of flowers have their anthers IW.d itigmll8 fully 
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exposed t() the weatber! but if an occasional cross be 
indispensuble, the fullest freedom fOf the entrance of 
pollen from another individual will e.'\;plnin this ~tate 

of exposure, more especially as tho plant's own antllers 
and pistil generally stand so close together that self· 
fertilisation seems almost inevitable. Many flowers, 011 

the other hnnd, have their organs of fruetiiication closely 
enclosed, as in the great papilionaceous or pea-family; 
but in most of these flowers there is a very curious 
adaptation betwoon their structure fllld the manner in 
which ooes suck the nectar; for, in doing this, they 
either push tho flower's own pollen on tbe stigma, or 
bring pollen from another flower. So necessary are the 
visits of bees to mUlly papilionaceous flowers, that I 
have found, by experiments publi.~hed elsewhere, that 
their fertility is greatly diminished if these visits be 
prevented. Noll', it i~ scarcely pOS::lible that bees should 
i1y from flower to flower, and not carry JKlllen from ono 
to the other, to the grent good, as I believe, of the 
plant Bees will net like a camel-hair pencil, and it is 
quite sufficient just to touch the anthers of 0110 flower 
and then the stigma. of another with tll{~ same brush 
to C1Isure fertilisation; but it must not be supposod 
that bees would thus produce a multitude of hybrids 
between distinct species; for if you bring on the same 
brush a plant's aII'll pollen and pollen from another 
species, the fanner will hnve such n. prepotent effect, 
that it will invariably and complctely destroy, as has 
been shown by Gartner, any in[lucnce from the foreign 
pollen. 

When the stamens of a flower suddenly spring to.
wards the pi;;til, or slowly mo'"e one after the other 
tov.-ardi! it, the COlltrivance seems adapted solely to en· 
sure self-fertilisatioll; and no doubt it is uscful for this 
end: but the agency of insects is oftell requirod to 
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CftlLiO the stamens to spring forward, all Kotrcnter has 
~hOll'n to be the case with the bnrborry; and in this 
very p1l1ll13, which seems to havo a spooial contrimnCt'l 
fot lIClf·fertilisation, it is well known that, if closel)'
allied forms or vorieties 111'0 plllllied neur each other, it 
is hlll'clly pos~ib!o to misQ l)llre seedlillgB, BO largely do 
tllcy naturally cross. In many other cases, far from 
thl'rB lx>ing IIny aids for se1f-fcrtiliStltion, there are 
BpeCill\ contrivances, as I could show from tho writings 
of C. C. Sprougct und from my own observations, which 
effi'Ctulllly prevent the I!ligma roociving pollen from its 
o~n flower: for instance, in Lobelia fulgell3, there is 
a really beautiful aud elaborate contri\'llnce by which 
all the infinitely numerous pollon.granules nrc swellt 
out of the conjoined anthers of en.ch flower, before the 
~tigma of thnt individunl flower is rcarly to receile 
thom; nnd M this flower is never visited, at leust in 
my glll'uon, by insects, it never seta I\. seed, though by 
pl8t'ing pollen from one flower on the stigma. of an
oth"r, I roisod plenty of seedlings; and whilst another 
~I'''('ies of Lobelia growing close by, which is vil;ited by 
~'\ seeds freely. In \'ery many other CascfI, though 
thl,tI, be no special mechanical coutrh'anoe to preyent 
thp IItig-rna of a flower receiving its own pollen, yet, as 
C. C. ::iprongel has showll, and as I enu confirm, either 
tho authers burst before tho stigma is rendy 1'01' fertilis· 
ation, or tho stigma is ready befot!' tho pollen of that 
80w('r is ready, so that theso plants havo in fnet sepa
raW soxes, and must hubitual1y bo crossed. So it is 
with the rcdproeilUy dimorphic und trimorphic plants 
pl'niuusly allu,lod to. How strange are thcso facts! 
How Mtmllge that the pollen aud stigmatic surface of 
the &arne flower, though placed so eloBO together, as if 
b- tho very IlUrpose of scLf·fertilmation, should in so 
mauy l'8.SCS be mutually useless to each other! How 
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simply are these Cucts explained on the view of an 
occUBional cross with 0. distinct indi\'idnnl being advo.n· 
lagoons or indispensable I 

If severnl varieties of the cabbn;;e, rudish, onion, 
and of some other plants, be allowed to seed ncar each 
other, a large majority, 88 I hal'e found, of the seerl· 
liugs tlms raised will turn out mongrels: for instance, I 
rniseJ 233 seedling' cabbages from some plant!> of dif· 
ferent mrictieB growing ncar each other, alld of these 
ouly 78 were truo to thcir kind, Ilnd somo oven of these 
were not perfectly true, Yet the pistil of 611('h cabbage
flower is surrounded uot ouly by its own six stamens, but 
by those of the lllany other flowers on tho same plaut; 
and the pollen of each flower readily gets on its owu 
stigma without insectra",<rCucy; for I hM'C found that a 
llialit carefully protected produced the futl number of 
pod~, llow, theil, comes it that such Il ,'nst number of 
tho seedlings uro mongrelized? I susped that it must 
arillO from tho pollen of a di .. tillct t'Uriety having a pro
potent effect O\'er a flower's own pollen; and that this 
is part of the gell(lrol law of good bdllg derived from 
tho iutef('ro~"illg of distinct indl\'iduals of the same 
species, When distinct ,ptciu are eI'Of<S('<l, the caso i!J 
directly the rel'et8e, for n plant's own pollen i~ alm""'t 
always prepotent over foreign pollen; but to this subject 
we shall return ill n future chllilter, 

In tho ca..~e of a gigantic tree ('Ql'ered with innnmer· 
able flowers, it may be objected that pollen could seldom 
be carried from tree to tree, and at moot ouly from 
flower to floll er 011 the same tree, alld that flowers on 
the same tree can be ('Qusidered 8S distinct indidduals 
only in a limited sen8C, I believo this objection to be 
,'alid, but thnt llfl.ture hUB largely provided a!;llillst it by 
gh'ing ro trccs a strong tendency to bear [lowers with 
separnted BCl:C8. Whell tho &exes nrc separated, although 
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the male and female flowers may be Jlrodueed on the 
awe tr(!(', we enn IlOO that pollen must be regularly 

' carried from flower to Hower; and this will give" better 
chance of pollen being occasiollally rerried from tree 
to tree. 'l'1J8t troes belonging to nil Orders lul.\'e their 
JeJ:e8 more often sepamted than other planta, I find 
to be the el\80 in this oountry; and at Illy request 
Dr. Hooker tabulated the trees of Now Zealand, and 
Dr .• \M amy those of the United F:tatM, Dnd the result 
was os J anticipated. On the olhN hand, Dr. Hooker 
baa f'('('enily informed me that 110 finds tbnt the rule 
doet: not hold in Australia; and 1 hn\'e made th('86 few 
remarks ou the sexes of trees simply to caU attention 
to the Irubj«:t. 

Tunling for a very brief spnce to animnls: on the land 
&here are BOUlO hl'rmaphrodiles, Il8 land.mollusca and 
euth.worrnlr; but these all pair. As yet I ll(lvO not 
founll n lOiuglo case of a terrestrial Animal which fer
liJi.k'll il~ l f. We cnn undl'rstalld this remarkable fact, 
.hil'h offers 80 strong a oontrrust with terre$trilll plants, 
oa tho ,·jew of an oocasionnl CflliS being iudi"pen:;aule, 
by oonsidcring tho medium in whieh terrestrial animal! 
lin, anti the nature of the fertilbing element; for we 
bow of 110 means, analogous to the action of insects 
aDd of the wind in the case of plants, by which an 
occuional Cl'OR8 could be effected with terrestrial ani· 
... without the conClIrren('(l of two individuals. Of 
IIqUl.tlc animals, there a.re muny self-fertilising her· 
maphroditcs'; but bero currcntil in the wnter offer an 
oo.iowJ ffi<'8I1S for an occasional cross. And, ns in the 
.., olOowen, I ha'"e M yet failoo, after consultation 
wid!. ODe of the highest authorities, namely, ProfCS80f 
Buley, to disro,'er a single cnse of an hermaphrodite 
..mw with the organs of reprodu('tion 80 perfectly 
--. withill the body, that acceM from without alld 
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the ocC8!ional influence of 0. distinct indh'idunl ~n be 
l!ilOwn to be physically imposeiblc. Cirrir~lC8 long ap
peared to llIe to prC8Cnt a CMC of ycry great dilliruhy 
under tbis point of vicw; but 1 ha\'c ()e('11 enahloo., by 
& fortunate chanC<'. e),.cwhcrt' to pro,'o that two iudi· 
l·idunlll, though both are aclf'{crtilkiing iumnnl,hrodites, 
do SOllwtimes cross. 

It IDlli't ba,'o I!tnlC'k most Il8turalista as a strange 
anomaly that, in th,' case of both 8nimn~ and pln.uts, 
speeit's of the Bamo flllllily and c,'cn of tllO snmo genu!!, 
though agreeing cl()!j('ly 'I';:ith each other in almost their 
whole organisation, yet arc not rarely, some of them 
hennaphroclites. Bnd fJOme of them uni.g(>xuaJ. But if, 
in fact, 811 hf'tmopllJ'(xlitee do occo.siolUl.lly intercross 
with other illdh'idualll, tho difference bctwCt'n herma
IlhroditCtl and ulliJ;CXual 8pe<'irs, as far M function is 
concerned, becomes ,·cry small, 

From these 8(:,'crnl eoll.sidcmtions I\nd from the mnny 
8pecial fal'liI which I hM·O collectNi, but which I am 
not here able to give, 1 am strongly iOl'lilled to KtIBpOCt. 
that, both in the "egelable and animal kingdoms, an 
occasional intercross with a distinct indiridunl is 1\ law 
of nature. I am well aware that thcre are, on this vicw, 
many C88('S of difficulty, some of whic.h I am trying to 
inn·!ltigalt>, :Fiually then, we may couclu<lo that in 
many organic beings. a cr088 between two illdividuala 
is all. ob'l"iollJl nf'ol'('AA.ity for each birth; in many othen 
it oceUl1l perhaps only at 10llg intervals; bllt in none," 
I suspect, can self·fertilisation go on for perpetuity. 

(lircunuttm(lUjatwrabU t4) Natural Stlectiml, 

This is an cxtl"f'mcly intriroto Ktlbject. A large 
amount of mriability will evidently be f!lvonrable for 
the work of uilturalsclection, but mere ind.ividllal diffe .... 
ences probably suffice. A large numbrr of indi,·iduau. 
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br ¢,"ing a octter chance for the appearance within any 
giH·n period of profitable Tariatioll.'J, will compensate for 
• lCU('r amount of variability in cach indivirlual, and iii, 
I belie,·c, Oil c:<trcmely important tMment of success. 
Thongl] Nnture grallts vast periods of time for the work 
of nfiturnl sclcttion, she does not gmnt nil indefinito 
period; for fI8 all organic beings firo striving to seizo on 
each place in tho economy of nature, if all)' one "pedes 
does 1I0t become modified find impr(lYcd ill a correspond
ing df'grcc with iLl competitors, it will Il0011 be extermi
nated. l'nless foxouroble variations be inherited by some 
at least of the offspring, nothing call be ciftoetcd by na
tural selection. Non-inheritanoo of any U(lW character 
.. in foct, tho 8{lIl1e thing as reversion to tile charoetcr 
or thc g-randparcnts or more remote allce~tors; aud no 
doubt tIle tendency to roversion may often hare checked 
or prevented the actiou of natural selection; hut its im
portauce hfls been greatly exoggerotcd by some writers. 
U the tendellf'Y to reversion has not prov{,lltcd man from 
ereating innumerable hereditary raceR in tho animal 
UId vegetablo kingdoms, why should it 118'"0 stopped 
the procesa of Datural selection? 

In man'/j methodical selection, a breeder 8(llects for 
lDIIIe definite object .. nod free interc~ing will wholly 
IIop his work. Hut when many llIen, without intending 
10 altf'r the breed, ha¥e a ncarly common 8talldar<1of 
perfection, and all try to get and breed from the best 
lllimab, much imllrovement 811d modification surely but 
IIowly follow from this ullconsciou8 process of selection, 
DOtwith81allrlillg a large amount of crossing with inferior 
uimals. Thus it will be in nature; for within a oon
.. area, with &Omo place in its polity Dot 80 perfectly 
oecopied as might be, natural selection will 8I\\·a)""8 tend 
.. prete"e all tho indiyidurus nrying ill the right 
6eetioo, though in different degre~ .so os better 10 
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fill up tho un(){'Cupied place. But if tho area be large, 
ita scycrol districts will almost certainly present dif
ferent confiitions of life; and then, if llaturol selection 
be modifying and imprm'ing a spedes in the ge,'erol 
di~tricts, thcre will be illtercrossing with the other indio 
viduals of the snmo species on the confines of each, 
And in tllis case the effects of intercrossing can hardly 
be cdunterbalanced by natural sele<'tioll a1wa~'s tending 
to modify \111 the indiviflurus in each district in exactly 
the snme wallner to the conditions of each; for in a 
('QlltinllOIUi a rea, the physiC'lIl conditions will genernlly 
gmduate away i..nsensibly from ono distriC't to another. 
The interel'Q68ing will most affect. thOl>o nnimals which 
unite for each birth, which wander milch, and which do 
lIot breed at a ,'cry quick rote. llenee in animals of 
this nature, for instanco in i>ird~ "arieties will generally 
be confined to separated countries; and this I find to 
be the case. In hermaplmxlite organisms which cross 
olJly ocrasionally, and likewise ill allimals which IInito 
for eneh i>irth, but which wander little and which can 
increase at a "ery ropic\ mte, II. ncw lind imllro'fed vari· 
ety mig-bt be quickly formed on any ono spot, and 
might there maintain if..;clf in a body, 80 that whn.tever 
inter('f'()f;,owg took place would be chiefly between the 
indi,-iduals of the sarno new ,'adcty, A local ,-ariety 
when oncc thus fonned might subsequently slowly 
spread to other di~tricts. On tho above principle, 
nUrBCrymen always prefer getting seed from 0. huge 
body of plant! of tllo same mricty, as tho chance 01 
intercrossing with other "aridies is tll\1s lessened, 

En'lI in the ClUl6 of slowobreeding animals, whit'h 
uuite for each birth, we must not o,-errnto tho effects of 
illterel'08808 in retarding uatuml sclection; for I can 
bring 8 considemble catalogue of fac~ showing illat 
within the same area, mrietics of the sarno animal can 
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long n:mnin distinct, from ha,mting different Itatioll8. 
from b~liJlg nt sJightly difTt:rt'nt .... 8S()ns. or from 
TaridiefJ of the SOIliO kind IJrcfcrring to pair together. 

lntN't'fOSSing plop fL ,oery importAnt part ill nature 
in k(."('l'ing the individuals of the same !lpedes. or of the 
arne "(lriety. tme (Iud uniform in cll8rneter_ It will 
ob'fiOlL~ly thU8 act fur marc efficiently with those ani
m&la which uuite for each birth; but I ha,oe fLlready 
aHeml,t" .. 1 to show that we have !"eaaoll to belio'·o that 
oecaaiollnl intercrossea take place with all animals and 
with all plants. Even if these take plaoo only at long 
iDtt>n-i\I~, tlle young thllil produONI will gain 80 much 
iD 'figour and fl:rtility orer the offi;pring from long
continued I!('lf.fcrtilisation, that they will have a better 
eban('6 of I!uni,oillg Rud propngntillg their kiu<l; and 
thua, in the 10llg run. the inlliU:llOO of illt('f('roSiit"\ even 
a& mro intcrnlia. will be gr<'flt. If tll('re eust organic 
hew., .... which never inletcrD68, uniformity of character 
ran be retained Amougst them. as 10llg as their con· 
ditiolll of life n.-maw the some. only through tho prill
ciple (,f inlllll-itallC<', and through natural 8(!1C<'tion 
de.tn'ying auy which dCpRrl from the proper type; but 
if tht:ir cunditiolls of life change and they undergo 
...titL:-alion, unili'rJDity of character can be given to 
their m,.lifk.J. offllpring, solely by Ilatumi aeloction pre
.,.mg tho salllO fnvoumblo mrin.tions. 

oollltion, also, is an important element in tbe process 
~ Datural Ildoction. In 8 confined or isolated area, if 
.at Yl'I'y large, the organic and inorgnnio cond itions of 
life will grnerolly be in a. great degree uniform; 80 tIlnt 
..mr.lIll'lectiou will tend to mo<lify all the indh·idllsls 
tI. ""'Ylng ~M!('iCfJ throughout the 81'\'& in the IIlme 
-.er ill n:la.tion to the &Rille conditions. Intercl"()o<.'I('8 • 
., with the indi,oidnals of tho salllO !lpecit'!l, which 
~ would 111m) inhabited the surroundillg and 
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differently circumstanced districts, will be pre.ented. 
But isolation probably acts more efficiently in checking 
the immigrntion of better adapted organisms, after any 
physical change, BUch as of climate or elovatioll of the 
land, &c.; and thus new plnces in the natuml economy 
of the country nre left open for the old inhabitants to 
struggle for aud become ndnptecl to, through lllodjltca· 
lious in thcir structure and coustitution. Lastly, isola
tion, by checking immigration and consequently oom
petition, will give time for any new "Ilriety to be slowly 
improved; and this may soilleumes be of importance in 
the production of new species. If, however, an isolated 
area be very small, either from being surrounded by 
bnn'iel'l!, or from having very peculiar J?hysicul condi
tions, tho total number of tho indiviuunla supported on 
it will necessa.rily be very 8lllrul; and fewness of indi
viduals will greatly retard the production of new species 
through Datural selection, by decrensing the chanco of 
the Bllpearance of favourable variations. 

'fhe mere lapse of time by itself does nothing either 
for or against natural selection. I stnte tbis because it 
hne been erroneously asserted tbat the element of time 
is assumed by me to play an all-important part in natural 
selection, as if all species were necessnrilr undergoing 
IOi0w modification from some innate law. Lapse of time 
is only so far highly important, flS it gives a better chalice 
of beneficial variations arising, being selected, flccumu
lated, Bud fixed, in relation to the slowly changing 
organic and inorganic conditions of life. It likewise 
favolII'S tho direct action of uew or cJuwged Ilbysica1 
conditions of life. 

If we turn to nature to test the trutb of these 1'& 

marks, and look at any small isolated area, such as an 
oceanio island, although the total number of the species 
inhabiting it will be found to be small, as we shall see 
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in our chapter on Googmphical Distribution; yet of 
tbeee 'pecic.<! a very largA proportion are endemic,
that i8, ham bt..'t'n prodnccd Ulere, and nowhere else. 
Helloo an ocean.ic island' at first sight seems to ha,'e 
been highly favourable for the production ofne" spocies. 
But ,,-e may thus greatly d~ive oursch-es, for to a,"eer. 
\aiD ,,-hcther a amull isolated area, or a lurge open area 
lib a continent, Iw been m()~t fu,·ourable for the pro
d1lCtion of lIew organie fonns, we ought to make the 
tlOIDll8-fi:!OlI within equal timC8; and tbi8 we are in
et.pt.bla of doing. 

Altbnugh isolation is of considerable importaIK'e in 
&be llroductioll of new species, Oll tllO whole I am 
iDelinl'<i. to belio,'o thut lafl:,reness of area is of more 
importune'e, C'tpeeially in tho llroduelion ohpecit':S, which 
will pron} {'apuLlo of enduring for a long period, and 
ttl spreading widely. Throughout a greut and open 
an., not only will tilere be n. better chan('(l of fll,·our
.we variatiollS arilSing from tho large number of in
midWlls of tllO Mme @pt.'Ciee there supported, but 
.. conditions of life nre lUuch more complex from tbe 
Iuwe number of already exil!ting IIJlO<'iea; and if 80llie 
rI. &heeo many species becomo modified and improved, 
.... 1I-m lune to be iWl'ro,·ed in a corresponding 
~ or they will be extenninate<i. Each new form, 
... IIDOn IL8 it bns been much improved, will be able 
tt Ip'ekl Over the open and conlinuoWl area, and will 
... come into competition with many others. More
....... great area.s, though now continuous, owing to 
t..er OIK'illatiolill of level. will orten ha,-e existed in a. 
..... conditioll, 110 that the good cfl'ocL! of isolation 

to a certain extent, have COD('urred. 
concludu that, although small i:!Olatro areaa 

have bt·,·ll in BOUle re .. pecu higohly famurable 
productiun of new ~pociCiil, yet that tbe Course 
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of modification \,;11 genemlly ha.e been more mpid on 
large areas; auel what is more important, tbat the lIew 
forms produced on large areM, which n\r<'ooy havo been 
,-ictoriou! o\"er many competitors, will be th08C that 
will lipread m()!lt widely, will gh'e ri~ to most new 
varieties and Ilpocil.'8, and will thu/I play tho m~t im. 
portant pnrt ill tile ehnngillg history of t he organic world. 

" fO ('an, perhaps, on thCtJ(' \"iews, understand some 
facta which will be again alluded to in our chapter OD 

GeogmlJhical Distrioution; for instllnCt!, that tho pro
ductious of the smaller l:Outinent of Australia hll.YO 
formerly yielded, Rnd apparently are now yielding, 
before those of tho larger Enropreo .. Asiatic area. Thus, 
also, it is that continental productions hnye everywhere 
becomo so largely natnralised 011 islands. On a small 
island, tho mee (or life will ha"e been less sen.'re, and 
tJwre will have been less modifirotioll and less eder
mination. Helloo, perhaps, it comes that the floro. of 
Madcitll, according to Ollwald lIeer, n.'8emblcs the ex
tinct tertiary flora of Europe. All frCflh-watcr wins, 
taken together, make a small area compored with tJlAt 
of tllO sea or of tho land; and, conscquently, tho com· 
petition between frosh-water productions will ha\'e Ocen 
less k,'cre than elsewhere; new fonns will ha.e 
been more slowly formed, and old fonna more slowly 
exterminated. Alld it is itl fresh water that wo find 
Bel'en genera of Ganoid fislu'8, remnants of a once pre
pond('mnt order: and in fresh wata we find some or 
the mOtit anomalous fonus IlOW ktlown in the world, 81 

the Onlithorhynchull and Lepid08ircn, whieh, like fossils, 
oonnect to a certain extent orders now widely 8('flftmted 
in the natural srole. 'fhe~e anomalolls forms way be 
called li\'ing (()I;~i18; they haye endured to tho preflent 
day, from ha"ing inllabitcd a confined arca, and tlull 
baving been expobCd to less &e\"eI'C competition. 
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To sum up tho circumstauces fa,'oumbIe and un· 
fuvonmble to lIatural selection, as fllr as Ule extreme 
intricacy of the subject permits. I conclude that for 
terrestrial productions a largo continental area, which 
has undergone mallyoscilJntions of 11wel, and which con· 
Ill!qul'lltly b(1s existed fa" long perioda in a broken 
<'Ondition, 11M beet\ the mo~t favourable for tho 111'0-

du('tion of many new forms of life, Sttod to endure long 
and to spread widely_ For the area first e:rirrted as a 
continent, and the inhabitants. at tllia period numerous 
in indh-iduals and kinds, will havo beeu subjected to 
1!C't!re competition_ "When converted by subsidence 
into largo sepamte islands, there will still ha,-e existed 
mnny individuals of the SRllle species on each island: 
intCf('f058illg on tho confines of the mnge of each !;pecies 
will tlms have been checked; aftcr physical change.> 
of auy kind, immigration will hnve been pre,-cnted, 
1:10 fflflt now pl(1('08 in tho polity of ench island will 
have had to 00 filled up by modifications of the old 
inhabitants; and time will haye been allowed for "the 
varil-tieR iu each to become well modified and perfected_ 
Wben, by renewed elevation, the islands wero recon
,.ertt-d into a continental area, there will again M.e 
~Il iI(',"ere competition: tho most fa,·ourcd or imprO\-ed 
mridiCfl will hayo been enabled to spread: tJlere "ill 
hare Ucen much extinction oS the less improvod fmms, 
and the rt'lath'C proportional numoors of the various 
inhabitants of the renewed continent will again have 
been cllnngcd; nnd again there will IJt\\'o been a fair 
field for llaturnl selection to improvo still further the 
inlw.hilnnts, and thus produce new specic& 

That llntural eclection always acts with extreme slow
De!I8 I fully admit. Its nction depends on there being 
placcs in tho polity of natnro, which can be bcttf'r fillad 
throng-II some of tho inhabitants of the country under· 

o 
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going modification of some kind. Tho exi,;tell{'O of 
stich places will often dcpend on physical clw.oges, 
which are generally yery slow, and on the immigration 
of better adapted forms haying been checl<ed. nut the 
netion of natnml selection will probably still oftencr 
depend 011 some few of tho inhabitlUlta beromillg slowly 
modified; tbo mutual relations of many of the other 
inhabitants being thns disturbed. Nothing can be 
effectcd, lmlcss fM'ourable variations occur, and "aria
tion itself is apparently always a Blow process. 'rhe 
PllX'cS!! will often be greatly retarded by free inter
crossing. Many will exclaim that these 8e\'eml causes 
are amply sufficient wholly to stop the action of natural 
selection. I do not beliom so. On tho other hnlld, I 
do belie\'e that natural selection always nets very slowly, 
generally at only long inlen'als of time, and generally 
on only a very few of the inhabitants of tIw same ~gion 
at the Bfl,me time. I further belioye, that this slow, 
intermittent action of natural selection accords per
fectly ",th what geology tells us of tho rate and 
IDallI!er at which the inhabitants of the world l1a\"0 
changed. 

Slow though tllO process of selection may be, if feeble 
IDall ean do milch by his powers of artificial selection, 
I Ctul see no limit to the amount of change, to the 
beauty and infinite complexity of the ooadnptntiona 
between all organic beings, one with anothcr nnd with 
their llhysicai conditions of life, which may be effected 
in the loug course of timo by nature's powcr 01 
selection. 

Extmctwn caUMd by Nal.ural &lectU1II. 

This subject will be more fnlly discussed in our 
chapter 011 Geology; but it must be here alluded to 
from being intimately conncctod with natural sclection. 
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Natural sci<'clion acts solely through the preeer'l"atioD 
01 "rjalions in lOme way IIdvantaSOOw, which couse
qtlf'ntly endure. From tbe high grometrical ratio of 
iotTeRae of all o~c beill~ each area is alrt>ady 
Itoeked with the full number o( ita existing inhabitants, 
aDd flS most urena are already Btocked with a great 
diYl"l'8ity of forma, it (01l0w8 that, as each aclected 
ad fa"oured (orm increasetl in number, 110 generally 
will th(' lC8il fa"oured forms dC'l"reMO and become rare. 
Rarity, 88 geology tells Ull, is the precursor to (>xtinction. 
We ('1111, also, 800 that any (orm represented ,",y few 
uwli'riduals will, during fll1ctuation.l ill the SCMOns or in 
the number of ita enemies, run a good chsll('(\ of utter 
minction. But we may go (urther than thi,; (or 8.8 

MtI' fomlS are continuallyalld slowly being produced, 
DIeM we believe that the !lumber of 8pecific fonna goes 
011 perpetnally III.lld alm08t indefinitely increasing. many 
~tably mUl'lt OOcomo extinct. 'fliat the Illl1uber of 
ipeeilk- forms has not indefinitelr in<TCasOO, gt.'(,logy 
.0. UI!I plainly; and we shall pfe!Io·ntlr attempt to show 
...,. it is that the number of speciCfl throughout the 
world has not become immcfUlumbly great. 

We ha"e Been tbat the spC'l"iea which are most Illlme
IUIII in indiriduals ha,.e tbe best chanoo of producing 
within any gin'" period flwourable nriatiOIl8. We 
_Ye evidence of this, in tho fRCts s~ted in the IIOCOnd 
.. pter, showing that it it the oonlmon species which 
., the greatCflt number of recorded mrietiefl, or in
eipient 8pCciCl\ Henoe, rore species will be 16M quicldy 
~8ed or imjlro"ed within ally given period, and they 
... conacqnentlr be beaten in the race for lile Ly the 
..mted. de8CCndallte of tbe commoner species. 

From thc><o Sln'erol collsiderolions I think it in
ftitably folloW¥, that as Ilew IlpeciCfl in the OOUI'tiO of 
..., are fonned through natural aelection. otl)('" will 
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become rarer and rarer, aud finally extinct.. The forms 
which stand in closest competition with tllOse uuder
going modification and improvement, will naturally 
suffer most. A lld we JUlYe seen in the chapter on the 
Struggle for Existence that it is the most c1osely-aUled 
forms,-varietics of the same specie~, and species of 
the snme genus or of related genem,-which, from 
having nearly the same structure, constitution, and 
habits, generally come into the severest competition 
with earh other. Consequently, each new variety or 
spooies, dl,lring tho llrogtcss of its formation, will gen& 
rally press bardest on its nearest kindred, o.nd tend to 
exterminate thcm. 'Ye 800 the snme process of exter
minatiOl\ o.mOllgst our domesticated productions, through 
the selection of improved forms by man. Many curious 
instancos could be givcn showing how quickly ncw 
broeds of cattle, sheep, and other animals, and varieties 
of flowers, take the place of older and inferior kinds. 
In Yorkshire, it is historically known that the ancient 
black cattle wef'O displaced by the long-horns, and that 
these "were swept away by the short-horns" (I quote 
the WOrdll of an fLcrrricultural writer) "as if by sollle 
murderons pestilence." 

DitV!rgmce of fJliarar:ter. 

Tho principle, which I have designated by this term, 
ill of high importance, Ilnd explains, as I belicve, several 
important facts. In the first place, ltlrieticll, c,·en 
strongly-marked ones, though having somewhat of the 
charactor of speeies-as is shown by the hopeless double 
in many cases how to nmk them-yet certainly differ 
from each othcr far less than do good and distind 
species. Nevertheless, aceording to my "iew, varietiel 
are speciell in the process of formation, or are, as I have 
called them, incipient species. How, then, does the 
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lesser difference between vArieties become augmented 
into the greater difference between apeeies? That this 
does habitually happen, we muat iufer from most of the 
inuumerable species throughout nature presenting well
marked differences; whereas mrieties, the supposed 
prototnlCB lind pnrcnts of future well-marked species, 
llresont slight Ilud ill-defined differences. Mere chauce, 
as we may call it, might cause one variety to differ in 
liOIDe charo.cter from its pnrents, and tile offspring of 
this l'nriety again to differ from its parent in tho very 
~me character llnd in II. greater degree; but this alone 
III'Owd never account for so habitual and 'large an 
IUllOWlt of difl'erence lUI that hetwel!ll well-marked 
'\"arieties of the snme species and species of tbe same 
genus. 

As hRS n.lwaya been my practice, let us seek light on 
this benll from our domestic productiolls. 'Ye shall 
here find something analogotls. It \l'ill he admitted 
that th~ prc.dudiou of races 80 different as short-horn 
and Hereford cattle, race and cart horses, the gel-eral 
breOOs of pigoollB, &c., could Dm'et have been effected 
by tlle mere chance accumulation of variations of a 
aimilar character during many sueoossi"e generutions. 
In practice, a fancier is, for instance, stnlck by a pigeon 
bating a slightly shorter beak; another fancier is struck 
by a pigeoll haying a rathor longer beak; and au the 
acknowledged principle that" fanciers do not und will 
DOt admire a medium standard, but like extremes," they 
both go 011 (lUI hlUl actuully occurred with the sub-breeds 
of the tumbler-pigeon) choosing and breeding from birda 
with longer and longer beak.s, or with shortcr and shorter 
beab. Again, we may suppose that at an early period 
ODe mall preferred swifter horses; another stronger nnd 
more bulky horses. The curly differences would be 
ftly lllight; in the course of time, from the continued 
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selection of swifWr horses by some brooders, and of 
stronger ones by otllers, the differences would become 
greater, Bnd would be noted as forming two sub-breeds; 
finally. after the lapse of centuries, the sub-breeds would 
become converted into two well-cstablished and distinct 
breeds. AE the differences slowly become greater, the 
inferior arumals with intermediate characters, being 
neither very swift nor vcry strollg. 'will hal·e been 
neglected, and will bave tended to d~ppear. llere. 
then. we see in man's productions the action of what 
may be c~lled the principle of divergence, causing differ. 
ences, at first barely appreciable. steadily to increase, 
and the breeds to diverge in character both from each 
otber and from their common parent. 

But how, it may be asked, can any analogous prin. 
ciple apply in nature? I beliove it can and does apply 
most efiicit:lltly (though it WAS a long time before I 
saw how), from the simple circumstance that the more 
diversified the deRCendauts from anyone spccios become 
in structure, collstitutioll, and habits, by 80 much will 
they be better enabled to seize on mnny alla widely 
diversified plnces in the polity of Dature, and so be 
enabled to incrcase in numbers. 

We can clearly discern this in the case of animal8 
with simple habits. 'fake tho caso of a carnivoroUB 
quadruped, of which the uumber that cau be supported 
iu I\ny l'ouutry has loug ago arrived at ita full average. 
If its natural powers of increase be allowed to act, i\ 
can sucered in increasiug (the country not undergoing 
any chango in its conditions) only by its varying d~ 
sceudants seizing on places at present occupied by other 
animals: some of them, for iUBtance, being enabled to 
feed on new kinds of prey, either dead or alive; some 
inhabiting Dew statious, cl imbing trees, frequenting 
water, and some 116rhaps becoming leli8canllvorous. 'I'be 
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morc dil'ersified in h.'l.bits and structure the descendan~ 
of our carnivorous animal became, the more places 
they would be enabled to occupy, What applies to one 
animal will apply throughout all time to all auimals
that is, if they vary-for otherwise natural selection 
call do nothing, So it will be with plants, It has 
been experimentally prol'ed, that if fl. plot of ground 
be sown with one species of grllSS, and n similar plot be 
sown with seve'ral distinct genera of grasses, a greater 
number of pllllltB and a grenter weigllt of d.ry herbage 
can thus be raised. 'The same hus been found to hold 
good when Qne variety and geycral mixed yarieties of 
wheat htwe been 80wn on equal spaces of ground. Hence, 
if all}' one species of grass were, to go on varying, and 
those varieties were continually selected which differed 
from each otller in at all the salllo m(l.lluer ns distinct 
species alld geneI'll of gra~ses diffel' from each other, a 
grellter number of individunl plants of this species of 
gras~, including its modified dcsoondullts, would succeed 
in lil'ing on the snme piece of ground, Aud we well 
know tllat each species and ooch variety of grass is 
annually sowing almost countless seeds: and t.hus, as it. 
may be said, is striving its utmost to increase its numbers. 
Con:!equeIlUy, in the course of many thOUSRlld genera
tions, the most distinct varieties of ally one species of 
grass would nlwnys have the best cluillce of succeeding 
and of increasing' in numbers, and thus of supplanting 
the less di~tiuct varieties; and varieties, when ren
dered I'cry distinct from each oUler, take the rank of 
species. 

The truth of the principle that. the great-est UIIlOunt 

of life can be supported by great diversification of 
structUfC, ie seen under many natural circumstances. 
ID an extremely small area, especially if freely open to 
immigration, and where the contest between indh'idual 
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and individual must be IItlvere, we alwaY' find gn'ftt 

diversity in ita inhabitants. For instance, I fouud that 
a piece of turf, three foot by four in Itize, which had been 
t'l:posOO for many yean to eXRl'tly till' same t'Qllditions. 
supported twenty species of plants. nnd theoo belOllgOO 
to eighteen genera and to eight orders, which shows how 
much these plants differed from each other. So it i~ 
with 'the plants and in~t'l on small and UIlitonn klets; 
and flO in smnll [lOndii of frc~h water. Fanners find that 
they can miBe most food by n rotation of plants belong
ing to the most different orders: nature followa what 
may be ca1led a simultaneous rotation. Moe:t of the 
animals and plants which live cIOf!e round allY !rolall 
piece of groulld, could live on it (suppoRillg it not to lie 
in any way peculiar in its Mture), and may be Mid to 
be strh-ing to tbe utmost to Ih'c there; but, it is seen, 
that where tlley come into the cl~;, competition with 
ench other, tho advantages of diversification of strurtur(', 
",;tll the acoompallying differeueeR or habit and ron~ti
tutiou, determine that the iuhabitants. which tbm jo .. tit> 
e8.("h other mOfolt cIORCly, shall. as a general mle, belo~ 
to what we call different gC:nera and orders. 

The IJI\ffie princillle is seen iu the naturalisation of 
planl8 through mnn's agency in foreign lands. It 
might 11I",e been expected thnt the plnnts which have 
8l1('('C('(locJ in becoming naturalised iu auy land would 
gt'nf'rally luwe been closely ftllicd to the indigt-nes; r. 
these are commonly looked. at as spceially created MIl 
adapted for their 0\\11 country. It might, also, pcrhapt. 
}la"e been expected that naturalised plants would haTe 
belonged to a few groups more especially adapted to 
eertain stations in their now homes. nut the C88Il it 
very different; and Alph. do Candolle Ims well ,. 
marked ill his great and admirable work, that flOC'll 
gain by naturalisation, proportionally with the lIumber 
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of the nAtive gencra and species. far more in new genera 
tban in new species.. To gil-e a siuf(lo instance: in the 
tart edition of Dr. Ass. Gray's ':Mannni of the Flom of 
the Northern United Statea,' 200 IlBturalilled plants are 
enum('ratcd, and these belong to 162 gencra. 'Ye 11ms 
leO that these nnturaIised, plauts nro of n highly diver
~ifioo nntnrc. 'rhoy differ, mor~!()\'er, to a lnrge extent., 
from tho indigenes, for out of the 162 naturnlised ge
nera, no less than 100 genera are not there indigenous, 
Inu thus 11 11ll'8'0 proportional addition is made to the 
gent:1'8 naturally living in the United States. 

By oonsid~ring the nature of the plallll or animals 
whi('h have stnlggled sUcce&;fully with the indigenes of 
any conntry, and have there become naturalised, we 
may gain 801110 crude idea in what manll{'r some of the 
uatil'('s would haye to be modifiod, in order to gain an 
adnlltage over the other llati,'C8; and wo may at least 
.rely infer that diversification of structure, amollnting 
to Il{'W generic differences, would be profitable to them. 

TIlo rulmntnh'6 of din~rsification in tho inhabitants 
at th" Mme rcg10n ill, in fact, tho same as that of 
the phytliological division oC labour in tho OrgnllS of the 
.me ill(li"idual body-a subject eo well elucidated by 
Jrnue Edward..s. No pbysiologist doubta thnt a stomacb 
-I,ted to digest vegetable mattcr alone, or flesh alone, "'Wi! mo;;t nutriment from these substances. So in 
&be geneml economy of any laud, the more widely and 
perfectly tho animals Bud plants are dh'ersified for 
dift'erent habits of life,.80 will n greater uumber oC 
iodi,.i~lual;; be capable of there supporting themsch·es. 
A .. t of animals. with their organisation but little dh'er
ded, rould hArdly competo with a 8(>t more perfectly 
meniflf·d in strtl('tllre_ It may be doubh .. "<l, for in-
1Iaool', \\-hcther the Australian marsupials, which are 
diridt'<1 iuto groups differing but Iiltlc from ('B('h other, 
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aod feeloly represcnting. as Mr. Waterhouse and others 
have remarked, our cnrnh'orous, ruminant, and rodent 
mammals, could BIlCCCBB(UUy compete with these well
}In)nouDccd orden. In the Australian mammals, we 
800 the process of dh'crsiflcation in an oorly Ilnd incom
plete stage of development 

Th~ PrOOahle Action oj Natural Selection, tllrough 
Dit'e~ of Olwracttl' and ::rtindi<m, 1m the IJe.. 
tct'Ildallts of a O<Imnum AlIcutor. 
AHer tile foregoiug discussion, which ought to hayc 

been much amplified, we may assume t1mt the modified 
descendants of any 0110 species will succood by 80 much 
the better as they become more diveraificd in stmcture, 
Rnd are thus euabled to encroach Oil pla.ootl occupied 
l.Iy other beings. Now let us sao how this principle 
of hencfit ooiug dcrh'cd from diycrgcnco of character, 
tomuincd with tho principles of no.turu1 selection and 
of extinction, tends to act. 

'fho accompanying diagram will aid w in under
standing this mthcr perplexing subject. Let A to L 
represent tbe species of 0. genus largo in its own 
country; these species are supposed to resemble each 
other in unequlll dcgroos, IlfI is 90 generally the case in 
nature, and IlS is represented in the dingmm by the 
letters standing at unequal distances, I have said a 
large genu", because we hM'e seen in the second chapter, 
that on an nn;!rage more of the sl>C<'ics of largo genera 
\"Ilry than of small genera; ond the varying spccies of 
tho largo genera pf'C!;o.:nt a greater number of "orietie&. 
We ha\'o, also, seen that the species, which are the 
commonest and the nlOflt widely difi'uscd, vary more 
than do tile rore and restricted specice, Let (A) be a 
common, widely-difl'used, ond mrying species, belonging 
ton genus large in ita own country, The branching and 
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diverging dotted lin(!6 of unequal lengths proceeding 
(rom (.\.), may represent ita Y"rying offspring. The 
Tariatiolla nre supposed to be extremely slight, but ef 
the most diversified nature; they are Ilot supposed all 
to appear simultnneouSly, but often after long intervals 
ottime; nor are they all SUlll)(lsed to enduro for equal 
periods. Only thcoo \'arintioDS which nrc in some way 
IlI'()fitable will be preserved or natumlly IJ(>lectod. .And 
hero the itllJX'rtAnoo o( the principle of ben('fit being 
derh"oo from di\'ergenoo of character comes in; for this 
1riI1 gcn('mlly lead to the most different or <li\'ergmt 
nriatioDs (represented by the outer dotted tinCt!) being 
pra'm!d and accumulated by natural sel(>('tion. Wh('u 
• dotted line reaches one of the horizontal lillfl8, and is 
there marked by a smull numbered letter, a suffieieut 
amount of varintion is supposed to havo l>e<>n Ilccumu. 
lated to h",'o formed a fairly well·marked "firiety, such 
AI would be thought worthy of record in a systematic 
work. 

Tho int('n'als between the horizontal linO! in tho 
diagram, may repl'C8ent each a thousand generations; 
bat it would havo been better if each had repr()fIented 
teD thous.'Uld gcneratiouB. After a thousand genera. 
tions, SfWies (A) is 8tIpposed to hnve produced two 
lUrty well·marked varieties, namely al and mI. These 
two varieties will generally continue to be exposed to 
&he 88me conditions which made tlleir parents "anable, 
IDd tho tendency to vnrinbility is in itself hereditary, 
ecmequently they will tend to vary, nnd generally to 
ftry in nearly tho same manner 8IJ their parents vfiried. 
Koreover, tllCl!8 two mrieties, being only slightly modi
led (onus, will tend to inberit tboeo ad\'8ntages which 
-.Ie tJK.ir Jlfl.l'(!ut (A) more numerous than most of tbe .r inhabitants of the same country; they will like_ 
.. partake or those morc geneml o.dvo.ntagt's which 
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made tlle genus to which the pftrent-speciea belonged, a 
large genus in its own country. And these circuJU
stances we know to be favourable to the production of 
llew varieties. 

If, then, these two mrietics be ynrinble, the most 
divergent of their varintiOll9 will generally be presen·ed 
during the next thousand generotions. And after this 
intorml, ynriety a1 is supposed in the diagram to hiwe 
produced mriety a', which will, owing to the principle 
of divergence, differ more from (A) ,than did yariety a1• 

Variety m1 is supposed to have produced two mrieties, 
IlnUlely mt Ilud tJ', differing from each other, and marc 
considerably from their common pnront (A). We may 
continue the process by similnr steps for any length of 
time; some of the mrieties, nfter each thollSlLud f,O"(lne
rations, producing only n single mriety, but in a more 
and more modified condition, some producing two or 
three varieties, alld some hliling to produce any. Thus 
the ,'arieties or modified descendants, proceeding from 
the common parent (A), will generally go on increasing 
in numoor aud diverging in character. In tlle diagram 
the process is rel,rcscnted up to tho ten-thousandth 
generation, and under a condensod and simplified form 
up to the fourteen·thousandth generation. 

But 1 IIlllllt hero remark that I do not suppoS(! that 
the procCB.'I eyer goes ou so regularly as is represented 
ill the diagram, though iu itself made somewhat irre
gular, nQr that it goes on continuously; it is far more 
probable tllat each form remains for long periods un
altered, flud then again uudergoes modification. Nor 
do I suppose that the most divergent varieties are 
invarialoly preseryed: a medium forlll ma.y often long 
endure, and lIlay or may not produce more than one 
modified descendant; for natural selection will always 
act according to the nature of the places which are 
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either ulloccupied or not perfcctly ()C('upied by other 
ht'ings; 8nd this will depend on infinitely romplex 
relations. TInt as a general rule, 010 more di\'ersified 
iD structure tho descendants from auy one speeit'fl can 
be rendered, tho more places they will be enabled to 
""izo on, and the more their modified I,rogeny will in· 
crease. In our diagram the line of sl1cccs.;ion is broken 
at I't.'gular intervals by 8lllo.11 numbered lotters marking 
the succe&8i\'e forms which have become sufficiently 
dietillt-t to be recorded as varietiea. But these breaks 
are irnngluary, llnd might hll.\'o been inscrted any
wiwre, ancr intermls long enough to havo allowed the 
act'Umlllation of a oon.siderable amount of divergent 
ftriAtion . 

. u all tho modified descendants from 0. common and 
widcly~ilfllsed species, belonging to a largo genus, will 
tend to partake of the same ad\'antagcs which made 
their l'llll'cut successful in life, they will g('llcmlly go 
on multiplying in number lUI well as din·rging ill 
chamctcr: this is represented in the diagram by the 
"vl;'ral dh'crgent branehes pr<N!Coding from (.\). The 
modified ofTtipring from the later fllid 1U0re highly im; 
proved branches in tlle lines of d~nt, will, it is pro
I.LI." often take the l)lace of, and so destroy, the earlier 
and less imllrQl"'OO branches: til is iii represented ill the 
diagram by &Ollie of the lower branches not reachiug 
to tho upper horizontal lilies. In &omc cases 1 do 
DOt doubt that the process of modification will be COIl

floed to fL singlo lino of descent, (\lId the number of tho 
_endantil willllot be increasc<i; although tho amount 
rI din·rgcnt mooification may havc bet-n ml'reased in 
the lueec",~i\'o generations. This e8&O would be re
peeentt'l'l in the diagram, if all the lines J'nK'eeding 
from (.\) were rt!mon~d, excepting that from a' to a~o. 
In the !SIlme way, for installC<', the English race-horse 
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and English pointer Il1n-e apparently botb gone on 
slowly diverging in chameter from their original stocks, 
without either luwing given otT any fresh bronchell or 
.....". 

After ten thoUMnd generations, species (A) is snp
posed to ha\-e lJroduC«i three fonus, a lt, po, and m'o, 
which, from baving diverged in c~aracter durulg the 
successh-e generations, will have como to differ larf,-cly, 
but perhaps unequally, from each other and from their 
common parent. If we suppose the amowlt of ehango 
bct"·~n each horizontal line in our diBo"l1l.m to 00 ex
rossively smaIl, these three forlllS may still be only 
well-marked varieties; or they may have arrived at the 
doubtful category of sub-species; but we luwe only to 
suppose the steps in tlle process of modification to be 
more numerous or greater in amount, to convert these 
three fonns into wcll-dtAincd species: thus the diagram 
illustmtes the steps by which the small ditTerences 
llistinguishing varieties are incrcasOO iuto ille larger 
differencea distinguishing species. By continuing the 
same process for a greater number of genemtions (lUI 
I!hown ill the diagram in a condensed and simplified 
manner), we get eight species, marked by the letters 
between a" and m", all deeccnded from (A). Thus, lUI 

I believe, species are multiplied and genera are formed. 
In n large genus it is probablo that more illflll one 

species would \'ary. In tho diagram I hayo B8!1umoo 
that a. secoud species (I) has produced, by allalogous 
steps, after ten thousand generations, either two w{'l1-
mnrked mrictics (w10 and ZIO) or two species, according 
to tho amount of change supposed to be represcnted • 
between the horizontal lines. .After folll'tecn thousand 
generations, six new species, marked by tho letters ,," 
to zU, nrc supposed to havo !>cen produced. '1'he speciee 
of a. genus which are already extremely different ill 
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charflt'ter, \VilI generally tend to produce the greatest 
number of modified de8CendantB; for they will ha\'e 
the best chanoo of filling new ond widely diffcrent 
ptoccs in the polity of nature: hence ill the diagram I 
hO'i'e chosen the extreme species (A), oud the nearly 
utreme species (I), as those \\llich luwe largely varied, 
and have b,;ven riJ;C to new varieties Bnd species. 'fhe 
otlier nine species (marked by capitnl lettel'll) of ollr 
(lri~iual genll~, may for a 10llg period continue to tl'lillS
mit unaltered descendants; and thill i" shown in the 
diagram by the dotted lines Ilot prolonged flU" upwards 
from wantofspoC<'. 

nut during the pl"OCCM of modification, repre:;cnted in 
the dill.grt\m, another of our principle>!, namely that of 
extinction, will iuwe played an important part. As in 
eaeh fully litockcd country Dlltural selection Ilt'CCssariiy 
acts by the selected form Juwing some ad"anlage in tile 
Itnig;le for lifo owr other forms, there will be a COIl

IltaDt tcndency in tho improved d(l8CCndauts of any ono 
ipecidl to supplant and exterminate in each sUlge of 
_l"nt their predccessol'll IUld their original parent. 
For it should be remembered that the competition will 
rlll·rally be most 8m'ere between th060 forms which are 
aost nearly related to each other in habits, constitu
tion, and ~trueture. Rence all the intcnnediaie forms 
betWl"-'1I the earlier and later states, that is between the 
.. and more improved states of a spcdeA, l\8 \Velll\8 
the original parent-species itself, will generally tend to 
become extinct. So it probably will be with many whole 
co11ateml linCIl or de8Cent, which will 00 conquered by 
later and improved lines of de9OCllt. If, howo\'cr, tho 
aodiliod olTlipring of a species get into somo distinct 
conntry, 01' become quickly adapted to !lOme quite new 
...uon, in which child Bnd parent do 1I0t come into 
eompetition, ooth mBy continue to cxist. 
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n, then. our diagrom be ll.8I!umOO to represent ft. 

considcrnblc I\mOlillt of modification, !Iredell (A) and 
all the earlier mrieties will II/we ix-OOIllO extinct, 
hM'ing been replnccd lJy eight new spccicf4 (alt to mlf); 
and (I) will ha\'c been replaced by six (nIt to :1') new 
llpecies. 

But we may go furtller than this. Theoriginai species 
of our genus were supposoo to I1'S('mble ellch other in 
unequal dcgre('9, ftS is 80 gcnemlly the C8!'C in MtUt(!; 

flpecics (A) being morc Il(~nrly related to B, C, and D, 
thlUl to the other spcriC8; and species (1) more to G, IT, 
Ji:,L, than to the others. These two 8JX'Cies (A) and 
(I) were also 81lp(lOlK'<I 10 be ,'cry common and widely 
diffused species, 80 that they must originally bs'\'"e bud 
80me nel"anlage o\'er most of the othf'r ~peci(!8 of the 
~nus. Their modilied descendants, fourt('eJl in number 
at the fonrtcen-thouJltUldth gcncmtioll, will probably 
have inherited some of the same advantages: they 
have also been modified and impron~d in a diversifi<'<l 
manner at each stagt' of descent, 90 as to have become' 
adapted to many related pbool in the natural ec0-

nomy of their country. It seems, therefore, e:dremely 
probable that tlley will have taken the plnces of, and 
thus extenninated, llOt only their parents (.\) and (I), 
.but likowise some of tIle original spel'i(''J which wel'6 
most nearly related to their porents. Hence very few 
of the original species will have transmitt('tl offspring to 
the fourtccn-thonllClndth generation. We lIlay suppoee 
that only one (F), of Ille two spe('iC1l whi,-h were lffilit 
r loeely related to the other nine original species, hu 
Immmittro d~ndnntg to thia late stage of II, .. 
scent. 

The new S}X"ei('8 in onr ()ingram de!lC<'ndro from the 
original el('\"('1\ I!p!'<'il'll, will now be fift''{'1l in nmnl"lf'r. 
O\\iug to the (lin:rw:ot tendency of natural st:lection. 
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th& extreme amount of differc-nce ill chamcter between 
species aU and ZU will be much greater thail that be
twccn tho most different of the original elen:m species. 
The new species, moreover, will bo Illlied to each other 
in 0. widely difi'eront manum-, Of the eightdcscendnnts 
from (A) tbe three marked al., ql',pl., will be nearly 
related fl'om hnving recently brunched on' from a lO ; bl\ 

snd!', from ha\·illg divergod at an eurlier period from 
ai, will be in some degree distinct from the three first
nSllled species j and lustly, 0", ell, and ml', will be 
nearly related one to the other, bllt, (rom buving di
,-erged at the first commeuccmellt of the process of 
modification, will be widely different from tho other 
five species, and may constitltte a sub-genus or oven a 
distinct genus. 

Tho six doscendantB from (I) will form two sub
~norn. or oven genera. But ns tho original species (I) 
differcd largely from (A), standing ncal'ly at tho extreme 
points of tho original genus, tho six descendants from 
(I) will, owing to inheritance alone, difter considerably 
from the eight descendantB from (A); the two groups, 
mOI'(!Qver, arc supposed to have gono on divcl'gillg in 
diffeI'Cnt directiolls. The intermedi!lte species, also (and 
thiii is Il vcry importnnt consideration), which connected 
the original species (A) and (I), hl\\'o all become, ex
cepting (P), extinct, and have left no desccudulits. 
Ht-DCO tho six new species descended from (I), and the 
eight descended from (A), will have to be ranked as 
very distinct genem, or eveu ns diBtinct sub-families. 

Thug it is, as I believe, that tll'O 01' morc genera. 
are produced by descent with modification, from two 
Of more species of the same genus. And the two or 
morc pnrent-species are supposed to havo descended from 
IkImo ono species of an earlier genus. In OUI' diagram, 
this is indicated by the broken lines, beneath the capital 
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letters, con,'crging in sub-bronches downwards towards 
" single point; this point representing a single sJX'Cies,. 
the supposed single purent of our so"cral new sub-genera 
and genem. 

It is worth while to rol1L'<'t for" moment on tbe eha
racter of the new species F l', 'Ibich is supposed not to 
ll(we dil'crged much in cllt"lracter, but to have retuined 
the furm of (F), eitlJCr unaltered or altered only ill a 
slight dl'gree. In this case, its uffinities to the other 
fourteen new SpcciC'B will be of a curio\l8 nud circuitous 
nature. Ua.\"ing descended from a fonn which stood 
between the two pm\!llt species (A) aud (I), now sup
posed to be extinct and nnknown, it will be in BOrne 
degree intermediate in eharocter between the twogroup8 
descended from these specics. Bllt lUI these tll"O grollpe 
!tax6 gone on diH:!rging in charac1cr from the l)'f16 of 
their pafCnta, the lIew species (FlO) will not be directly 
intenuediato between them, but rother between t.)1JC8 

of the two groups; and e"ery natllmliJ:It will be able to 
bring some such case before his mind. 

In the din.,rrmm, each horizontal line hili hitherto been 
sUPIXlSOd to tel)resent a thousand generations, but Ctl.ch 
lnayrcprescut a million or hundred milljon generoliollS, 
Rud likewise a section of the successive strata of the 
carlll'!! crust including extinct remains. We shall, when 
we como to our chapter 011 Goology, have to refer again 
to tlW subject, and I think we shall tllen see tllat the 
diagram throws light on the "ftlnitiesof eIlmct beings,. 
which, though generally belonging to the SIlme orders, 
or families,. or gencrn, with those now living, yet are 
often, in some degree, intennediate in character between 
eIisting groups; and we call understand this fact, fur 
the extinct species lived at yery ancient epochs when 
the branching lines of descent had diverged less. 

I see no reasoll to limit the process of modification, .. 
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DOW explained, to the formation of genera alone. If, in 
our diagram, we suppose the amollnt of change repre
sented by eucb successive group of direrging dotted 
lines to be very great, tlle forms mm'ked a lo to plO, those 
marked b'o and jI', and those marked 010 to mlO, will 
form three very distinct genera. 'Ve shall Rlsa have two 
very distinct genera descended from (1) j nud as these 
latter two genem, both from continued di\'crgenee of 
character and from inheritance from a different parent, 
will difler widely from tbe three genel'll. descended from 
(.1), tho two littlo groupBof genera will form two distinct 
families, or eyen orders, according to the amount of 
divergent modification SIlP}>OSOd to be represented in the 
dingmJU. And the two now families, or orders, will ha.ye 
desceudcd from two species of tho odginfl.1 genus; and 
the;;;e two s~ies are supposed to huve descended from 
one species of a still more aucientand unknowll gcnus. 

We haro seon that in on.cb eOlmtry it is the species 
of tho larger gencl'll. which oftenest PI'CBout vn.rietios or 
incipient species. This, indeed, migLt have been ex. 
peeted; for as natum! selection acts through aile form 
baving 80me advautage ovcr othcrforms ill tho. struggle 
fur e:ti.stt:lloo, it will chiefly act on those which aJready 
have 80me advantage; and tbe largeness of any group 
mows that its species have inherited from a common 
ance.;tor somo advuntHge iu common. Hence, t.he 
struggle for tho production of new lUlU modified de--
8Ceudauts will mninly lie between the larger groups 
which arc all trying to increase in number. One 
large group will slowly conquer another large group, 
reduce ita numbers, and thus lessen if.:! chance of further 
variation and itnproyement. Within the same large 
groUt), tho later and more highly perfected su()..groupB, 
from brunching out and seizing on many new places 
in the polity of Nature, will constantly tend to SUllplant 
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and destroy the rorlicr and IC8I'I impron·d 8Ub-groUpl~. 
Rmall and broken groups and su~ur" will finally 
disappear. Looking to tho future, we ('fin predict that 
the groups of organic beings which arc 1I0W large aud 
triUlllphant, and wbieh are least broken up. that is, 
which as yet have 8ufi"t:red Ica.~t extinctioll, will for a 
long flI.·riod coutinue to in('I'('fiS('. But \\hich groupR 
will ultimately prt"'sil, no man can predict; for we 
well know that many group~, formerly mOlit extensively 
de\'elopc(~ hare 1I0W become extinct. Looking still 
more remotely to the future, wo may predict tbnt, 
owing to tho continued and stoody incrense of the IDrg<>f 
groups, 8 multitude of smnller groups will beeome 
utterly extinct, and leln'c no modified dC!'('('lIdants; and 
COnseqUf'lltly that, of the species livingst I1nyone period. 
extremely few will transmit descendants to a remote 
futurity. I 8us11 hR\'e to retunl to tllis subject in the 
chapter 00 Classification. but 1 may acid thnt on t1lis 
"iew of extremely few of tho more ancient species 
having transmitted desreudanlil. aud 00 the view of all 
the dC8C(:ndants of the same llpecics making a cla88, 
we can nnderstand how it is thnt thero exist but very 
few cIfUl~8 in eft('h main di\'ision of the animal nnd 
Yegetahl" kingdoms. ,llthough e:dremel), few of the 
most anl'ieot spt.'l'ies oow havo living and modified de
scendant!!, ret, at the most remote geological period. 
the earth may Jun'o been OJ! wcll peopled with m8uy 
spreiee of many genem, families, oroer!l, 811d cl.a.saefI. 81 
at the prt'S£'ot day. 

On tM })egree to wl,ich Organuation tend, to ad~·an~. 

Natural8electioIl8Ct~, as we lU\v~seen,exdugj'\'"elyby 
the prt'8Cl"mtion Rnd aet'nmulo.tion of variations, which 
Jllwe been beneficial under the organie and inorganio 
conditions of life to which each creature lillII been ex· 
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poeed at ench succC!l!Si"e period of timc, The ultimate 
remIt is that each crroturo tcnds to become more ond 
more imlll'()vcd in relation to its conditions of life. This 
improvcmcnt inevitably leads to the gradual afivnnoo_ 
ment of the organisation of tbe greater numoorof living 
beings throughout the world. But here we enter on a 
very illtriCflte subject, for naturalists hal'C not defined 
to each other's satisfaction what is mcant by an admnoo 
in organisation. Amongst the ,'crtcbmta the degree of 
intellect and nu approach in structure to man clearly 
oome into play. It might be thought that the amount 
of c1lRuge which the ,'arious pnrts ami organs pass 
through in their deyelopmcut from lhe cmbryo to 
maturity would suffice as a standard of comparison; but 
there oro C!l.8('!'l, as with certain parasitic CruStncerulS, in 
which so,'eral parta of tllO structuro IJcCOIllO less perfect, 
10 that the mature animal C8unot be called higber than 
it&Jarm, Von Baer's standard seems tho most l\idcJy 
appli('nlJle nnd the best, namely, the amount of differ
entiation of the different part!J of the same organic 
being (and, n~ I should be inclined. to add, in the adult 
1Iako), and their specialisation for different flmctions; 
.... as Milne Ellwarde would express it, the completeness 
fi the di"ision or physiological lnbour. But we shall 
_Iiow obscure a subject this is if wo look, for instauce, 
to fbh, amongst which some natun,lista mnk those 
.. highest which, liko the sharks, approo.ch ncnrest to 
reptilcs ; whilst other nnturalists rank the common bony 
... teJOO8tcnn fl:!hes as the highest, inasmuch as they are 
IDOIt strictly fish-like, and differ most from the other 
Yertebrote clnsses. Still moro. plainly we 8C<l the 
ol.cnrityof the subject by tuming to plnnt&, amongst 
wtUch the standard of intellect is of course quite 
tIZl'luded; nnd hero some botanists mJlk thO!>(! plants 
• highest. which ha,e every organ, as sepals, petals, 
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stamens, and pistils, fully de\·elopcd in each flower; 
wherons other botanisi.B, probably with more truth, look 
at the plants which have their several organs much 
modified and somewhat reduced in number as being or 
tbe highest rank. 

If we look at the differentiation and specialisation 
of the severnl orgaw of each being when adult (and 
this will iuclude the admncement of the brain for 
intcllcdufli purposes) as the best standard of highness 
of organisation, natural selection clearly leads towards 
highness; for all physiologists admit that the specialisa
tion of organa, inasmuch as they perform in this state 
their functions better, is Itn advantage to each being; 
and hence the accumnlation of yariatiolls tending 
towntds specialisation is within the scope of natural 
selection. On the other hand, we cau see, bearing in 
mind that all organic beings are striving to increaso at 
0. high ratio and to seize on every ill-occupied place in 
the economy of Ilature, that it is quite possible for 
natural selection gradually to fit an organic being to a 
situation in which several organs would be superfluoUII 
or useless: iu such cases there might be retrogression 
in the scale of organisation. 'Vhether organisation on 
the w1101e has actually advanced from the remotest 
geological periods to the present day will be more 
com·eniently discussed in our chapter 011 Geological 
Succession. 

But it may be objected that if all organic beiugs t111tfl 

tend to rise in the scale, bow is it that throughout the 
world a multitude of the lowest forms still exist; and 
how is it that in rech great class BOrne forlllS are far 
moro highly developed than others? Why have not the 
more highly developed forms everywhero supplanted 
and exterminated the lower? Lamarck, who belilwed 
in an innate and inevitable tendency towards perfection 
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in all organic beings. seems to hal'O fdt this difficulty 110 

Itrongly, that he was led to suppose that new and simple 
forms were contiuually being produc«l by spontaneous 
gt'ocmtion. I need hardly say that Science in her pre
Il'ut stato doc9 Ilot countenllnee the belief that li\'ing 
tTeatUr(18 aro now ever produced from inorganic matter. 
On my theory the present existence of lowly orgauised 
proUurtions offers no difficulty; for llatuml selection in
dadesno 1l('CCSS8rv and uni'l"ersallaw ofadnllloementor 
den·lollmcnt-it o"nly takes ad'l"antago of 911rh l'ariations 
.. mIlS and are beneficial to each creature under its 
oomplcx relations of life. And it may be Bsked what 
lkilllntag<', as far as we can see, would it be to an infu
IOnan animalcule-to an intestinal worm-or eyon to 
an earth-wonn. to be highly organised? If it wer! no 
.. hantag'C. those forms would be leri by Illitumi selcction 
unimproved or but little impro\'ed; fmd might remain 
for indefinito ages in their present little ndmllccd con
dition. And geology tells us that 8OIllO of tho lowest 
bID!!, liS the infulIOria and rhizopods, lun'e remained for 
aD ('nonnOIiS period in nearly their llfeScnt state. But 
10 sappoRe that most of the many now exbting low fOrms 
Iaa.c not in the Ica.qt advanced since the first dawn of 
life wuuld be mah ; for every naturali.;t who hM dissected 
lOme of the beiugtl now ranked M yery low in the scale, 
most hayc been struck with their really wondrous and 
beautiful organisation. 

~t'arly the same remarks are applicablo it we look to 
&be great cxisting differences in tho gradcs of organi
IMion whirl! occur l\;thin almost every great group; 
b iDstllnlX'. to the oo-existence of mammals Ilnd fish 
ia. the "crtcbrata,-to tho co-existCIICC of man aud tho 
OftIiiliurhyn('hus amongst mamma1ill~r of the shark 
ud lancelet (Bmnchiostoma). which latter fish in the 
extreme simplicity of its Blructuro approaches the 
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im'Crwbmto cb&M.~, But mammals and fish ha1'(lh' 
como into competition with cach otlwr; the admll(,(:' 
ment of ccrtllin mammals or of the wllOle class to the 
highest grade of organisation wonld not I('ad to thcir 
taking the 111aoo of, and thus erlcnninating, f61l(~8. 

l'hysiologi~ts belie,"c that the brain rou ... t be bathed by 
warm blood to bc highly acth'c, and t1ds requires aeria1 
re"pimtion; 80 that warm-blooded mammals wheD 
inhabiting the wilter ]i\'e under some disadwUltab'\'ll 
compared with (l~hcs. In this latter class, members 
of the ~hark family wonld not, it is probablc, tenll to 
supplant the lancelet; the struggle for existenoo in the 
caso of the liln('('let apparently will lie with mcmJx.rs 
of tbe invertebrate cla:>SeS, 'fhe three lowest orders of 
malfuuals, namely, marsupinlM, edentatll, nnd rodcnbl, 
co-cxist in South ...lm{'riCt\ in the Mille region with 
1Il11llerous monkcy~, and probnbly intcrfere little with 
each other, AltJlOugh organisation, on the whole. may 
have admnecd aud be adnm('ing throughout the world. 
ret the 8('1\10 will still pW6ellt all degrees of perfection; 
for the high ml\'fUlccment of C{'rtaill wholo classes. or of 
certain members of eachcmss. does not nt allneccssnrily 
lrod to the extinction of thOt;O groups with whi('h they 
do not enter into clOlle competition, Tn some caiJ(" 81 

we I!hall hereafter see, lowly organised fonus seem to 
haye been preecrYoo to tbe prcl!Cnt day from inhabiting 
peculiar or i.:lOlatro station", where they luwe been 
l!ubj,'Ctro to k~,; 1I'\'ere competition, and where they 
have l'xisted in fl('anty numbers. which, as alrcad, 
explained, retard,; the ChlU1CO of favoumble variatiOlll 
ari~illg. 

l~iuallr. I belicn~ that lowly orgsn.ist.>d fonns now 
exist in llumbenl tllroughout the world, and in neml, 
Cl'er)' cllU!S, from 'arious ca\ll!e8, In some cases fa\"ou~ 
able \'ariatious may never have arisen for nutural sclt't"o 
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tion to tlct 011 and aceumulate. In no ('lISC, probably, has 
time sufficed for the utmost pos::;ible amount of develop. 
lDeuL In IKlUie few cases thero may hM-e been what 
we must cnll retrogression of orgulli!>lltion. But the 
main causo lics in the circum~tauce that under verr 
mnple conditions of life 0. high organisation would Lc 
cillO tiCr\'ice,-possibly would be of actual di!;$en-iee, 
18 being of 0. more delicate nature, and lllore liable to 
be put out or order and thus injured. 

A difficulty, diametrically 0ppotlite to this which we 
have jtt.4 been considering, has been 8(h'snced, nnmely, 
that, looking to the dawn of life, when all organic beings, 
18 WI,I may imagine, presented the simlllelit structure, 
bo .... could the fiTht steps in advancement or ill the 
differentiation nnel specialisation of pmts have ari~ll? 
lit. Herkrt Spenecr would IJrobably answer that as 
IOOD liS the most siwple unicellular orglluiSIll cawe by 
P'O",1h or di\'i~ioll to be compounded of s(wernl cel.ls, 
• I.e.·awe attached to any SU~I>ortillg !)urfllC(l, his law 
troolJ come into action, namely, "that homologous 
..uta of any order !>e<'ome differentiated in Prol>ortioil 
• their relations to incident forces oc'COme different." 
Bat as we hal'o no facts to guide ns, all tlpeculation 
GIll tLl' IInbjl-,(·t i..; wele:os. It is, howel'cr, an error to 
IIJlPOt't.' thut there-would be no struggle for cxistence, 
IDd, cousC<lucntly, 110 nutural selection, until muny 
1orm8 ilUll been Jlroduced: mriutiolls in a single species 
fIlhaLiting all isolated station might be belleficial, and, 
6rough their prcsermtion, either the wholo mass of 
WiTiuutlls might become modified, or two distinct forms 
aigbt ari..... Unt, as I remarked towardd the cl0860ftbe 
Iatrodudion, 110 one ought to feel surprise at much re
..ming ~ yt't unexplained on the origin or sl)Ccie,j, if 
.. a110Wlllictl he made for our profound ignonWC'604 
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the mutual relations of the inhabitnnt.<! of the world 
during the mnny pust epoctls in its hhtory. 

Varioll. Objmimtt con.idtrtd. 

I will here notice a few miscellaneous objectiolls 
which have been adyfmced ngninst my yjews, as 80me 
of the preyiolls dis.'llSSiolls may perhaps thus bo made 
deart'r; but it would be uJ:ICless to discul!8 all of them, 
as they have been made by writers who have not taken 
the tronble to understand my views. ']'hus It. distin
guished Gennu!) naturalbt has recently asserted thnt the 
weakest port of my theory is, that I collsider all organic 
beings as imperfoct: whnt I hn'"o reully said is, thst 
all nrc not as perfoct in relation to the conditions under 
whieh they live, as they might 00; and tills is shown 
to be the case by 80 many nath"e forms yielding tlu~ir 
places in mnny quarters of the world to intrtulillg and 
naturalised foreigners. Nor enn all organic beings, even 
if at anyone time perfectly adapted to their couditiolll 
of life, remain so, wheu these conditions slowly challf,<e; 
aud no one will dispute that the phyo;:ical conditioll.'; of 
each country, as well C\8 tIle num1x>r and kind of its iD
habiulllts, are liuble to change. 'rhus again, a rren~ 
author, in opposition to the whole Wilor of this volume. 
!\SSumes tbat, nccording to my view, species ulldergo 
great and abrupt changes, and then he triumphantly 
asks how this is possible, l!eCing that such modi£iell 
form~ wouI.l be crossed by the many which hn'"o No
mnined UllChangcd. Xo doubt tho small changes 
mriations wllich do occur are ince88ll.ntly checked 
retarded by intererossiug; but tho frequent existence 
,"srieties in the same country with tho parent s . 
shows tbat crossing docs not necessarily prevent 
formation j and iu the still more frequent cases of I 

c The Complete Work of Charles Darwin Online 



(: ..... 1\'. YARIOeS OBIECTIOXS. Hi 

rorms or grogmphical mcell, crossing Mlluot come into 
play. It should also be borne in mind that the offspring 
from a croa bctwe<!n a modified and lmmodified species 
tends partially to inherit the characters of both parents, 
Ind natuml sclection a.ssuredly will preserve even slight 
approaches to fUlY change of structure whicll is beneficinl. 
KOf(I(Iver Rucll crossed ofTsprin~, from partaking of the 
lame ('()ustitution with the modified parent, and from 
bftng still cxposed te the same conditious, will be fRr 
more liable than other indiyiriuais of the same ape<'ics 
.gain to vary ()r be modified in a flimilnr manner. 

It has been arguCO'I that, as none ot tho animals and 
pants of Egypt, of which wo know anything, bo.'·e 
ebang(l(l during the last 3000 years, 80 probably nono 
.1'1) ~n modified in ally other part of the world. 
The mRlly animals wllieh have remaiued unchanged 
.moo the commencement of tho glacial period wonlU 
.1'0 OOcn fin incomparably stronger case, for thef<e 
.,,(' bet'n exposed to great chang('/! of climate and 
.1'0 migrated o\'er grent diBtnnces ; wherco.a, ill EgYllt, 
6uing tho last 3000 years, the conditions of life, as 
., u we know, ha\'e remained absolutely lllluorm. The 
6et of little or 110 modification having beell effected 
a.-e the glndal period would be of !lOme amil agninst 
.. ',ho belim-e in tho existence of nil innate nnd 
IeOa88&ry law of development, but is powerless agniust 
• doctrine ofnaturnlselection, which implies only that 
YViatiOll8 oc('n.~iollnlly occur in single species, aud that 
.., .hen ftH'ourable are preserved; but this will occur 
.,. at long intervals of time after chnnges ill tho COil. 
Aioae of eneh country. As ~Ir, Filwcett has well asked. 
.... would be thought of a man who argued that, be
_ be ('()uId show that nont Blanc alld the other 
.&Ipue lleah had exactly the same height 3000 yeaT>l 
•• at present, conseqnently that these mouniains 
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had nel'cr been slowly nprni:;od, anel that the height of 
other mountains in other parts of lho world had not 
rreently been increased by slow degrees? 

It has been objectOO, if natmal eclection be 90 pow
erful, why has not this or tMt organ been recently 
modified and improved? Why has 110t the proboscis 
of the hive-bee been icugthcuoo lJO 88 to reach tbe 
ncctar of the red-clover? Why has lIot tho o.;trich 
acquired the power of flight? But gronting that thCSt.l 
parte lind organs huve varied in the right dire<:tiOIl
b'T8lltillg' that there lllLB been time sufficient for the slow 
work of natural selection, chocked as it wiU he by iutcr
crossing and the tendency to reversion, who will pretend 
that he knows the natural history of My QIlO organic 
being 8ullicielltly well to say that ally particular change 
would on the wholo be to itl! advantage? Can we feel 
sure that 0. long proUoscis would not bo 0. di:;udvautage 
to the hire-bee in Bucking the innumerable small nowers 
which it frequenta? Can we feel sure that 0. long p~ 
bosC'iiI would not, by correlation of growth, ahuOI:It ne
cessarily give increased sizo to other pnrts of the mouth. 
perhap~ interfering with the delicnte cell-constructing 
work? In the case of the ostrich, a moment's refiection 
will show that all ellOrmOll8 Bupply of food would be 
1lt}CC':;slry in this bird of tho desert, to supply forco to 
mo'-e ita huge body through the air. But Bueh ilI-(!OIl' 

sidered objections are hardly worth notice. 
The celebrated pnlroontologist, Profe&iOf Bronn, in lli8 

German translation of this work, has adval\ced various 
good objections to my dews, and other remarks ill its 
favour. Of the objections, some socm to me unim
portant, some fuw nrc owing to mi:;npprchcnsioll, and 
BOmo arc incidentally notiC(.>(1 in vnrious parts of thi.e 
volume. On tha erronoous supposition that all the 
species of a region arc belial-ed by me to be clUlngiog 
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at the 8ame time, he justly asks how it is that ull the 
(onus of life do not present II. fluctuating and inextri
cably confused body? but it is sufficient for us if some 
(('W forms at any ono timo arc variable, and few will 
dil<puto that this is tho case, He nsks, how, on the 
principle of natural 8('lcclion, can a l'ariety lil'e in 
abundanco side by side wit h the pe.rent-spccies j for n 
"aridy during ita formation is supposed to supplant 
tho intermediate forms between itself and the parent
~iL"\ and yet it hns not SUpplUlltod even the paTent
'l"1el'ics, for both now lil'e together? If the variety and 
part'nt'l:opcck'8 ham beromo fitted for slightly difli:rent 
hAbit!' of life, they might lil'e together; though, in the 
'*"'} of animals which fl1!(!ly cross aud mOl'O about, 
"aridiC8 seem to be almost always confined to di,,:tinct 
lorolitic~. But is it the CI180 that l'aricl ics of plants and 
o( tho lower animals are often found in abundallce side 
by side with tllO parent-forms? Layillg nside poly
morphic specie-s, in wili{"h innumerable \'ariatil)1l8 t!CCm 
Dl'ithl'r oo\'alllagcolls nordi.w!\'anfagt"Ous to the spccies, 
aDd ha\'e not been fI.1:oo; laying aside aitlO temporary 
.... riations, such ns albinism, ,h" my impression is that 
nri\'li~'6 and the suppow:\ parent-species nre gcnerally 
lOund inhnbiljng di~tillct stations, high land or low land, 
dry or moi;t districtll, or distinct regiolls, 

Again, Profe&;()r BrOlin truly remarks, that distinct 
llpeCit'll do not differ rrom each othcr in single elm
neWTS alone, hut ill ml\lIy; aud he ~ how it comes 
that natural selectionshouid ahvays OO\'e simuitallooUJ:dy 
aft'tll1t'llmany purts of the organisation? I'rabably the 
wbulo nmOlmt of difforence hns not been simllituneollsly 
eft"('Ctoo; and the unknown laws of correlzlUon will 
~1J.!y account for, but not strictly explain, mnch 
simultaneons modification. Anyhow, we see in our 
dome8tic mrieties the \'cry sarno fact: though our do-

_ ..... __ .. The Comol~te Work-lf Charl-.;..ar • ..lnlille 



150 NATURAl. SELEO'I'lO~. 

mestic rncee may differ much in some ono organ from 
the othcr nlces of the same species, yet the remaining 
parts of the organisation will always be found in some 
uegree different l>rofcssor Bronn likewise asks with 
~triking effect how, for instance in the mouse or hare 
~enull, can natum! Selection account for the severa! 
species (descended, 1 may remark, from 0. pareut of 
unknown character) ha\'wg longer or shorter tails, 
longer or shorter ears, and fur of dificrent colours; 
how cau it account for ono species of plant haying 
IlOint€'(1 and another species blunt ie1l.\'ed? I call giye 
no definite answer to such questiOllil; but I might. nsk 
in retllnl, were these differences, 011 the doctrine of 
independent creation, fOfmed for no pnrp06t:l? If of use, 
or if due to correlation of growth, they could MSuredly 
bo fanned through the natural preservation of Buch 
useful or oorl"elated mriaiion8. I believe in the doc
triUt~ of descent with modification, notwithstanding that 
this or that particular change of structure CAnnot he 
ReCOunted for, hecau:;o this doctrine groupe together 
and explains, 11.8 we shall see in tho later chapters, 
lllany general phenomena of nature . 

.:\. distinguished botanist, Mr. II. C. Watson, belie,·cs 
that I hl\\'e overrated the importance of the principle of 
di\'ergence of charn.cter (in which, however, he appa
rently believes), and tbat convergence of chfU"i1cter, fUI 

it illay he called, hoa likewise played R part. This ill 
an intricate snbject which ueOO not be here discussed. 
I will only remnrk that if two species of two closely 
allied genera produced a number of new and divergent 
species, 1 can believe that these new fonllB might some
times npproach each other 80 closely tlmt they would 
for convenience' sake he classed in the same new genus, 
and thus two genem would conyerge into olle; but 
from tbe strengUI of the principle or inheritance, it 
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8et'ms bnrdlycrediblethat thc two groupe ofucwspecies 
"Mild not at lcast form two sections of tho supposed 
nt'w single genus. 

Mr. Watson hns also objected thnt tlle continued 
action of natuml selcction with divC'rgcllce of cbamcter 
'Ifill tend to make au indefinite number of specific forms . 
.\8 (Ill" lUI mcre inorganic conditiOlls are concerned, it 
1e('1lIil probable that tl. snfficicnt numl.lcr of species would 
I!IOi.D berome adapted to all conc;;idcmble diversities of 
boot, moi..;tnre, &e.; but I fully rulmit tbat the wntual 
rt"!atiuDS of organic beings are more important; and lUI 

the Immber of species in any country goes OD increasing, 
tb., organic conditions of life beromo more and more 
oomph'x, Consequently there seems at first sight no 
limit to the nmount of profitable divcriilfieatioll of struc
ture, al)(\ therefore no limit to the uumber of species 
which might be produced. We do 1I0t know that even 
tlMl most prolific area is fully stocked \Iith spedfic 
formil: at the Cape of Good nope and in AustroJia, 
.hi<'h SUI11)(lrt such an astonishing number of species, 
many Europeuu plants ha\'e become naturulised. But 
geol(l~y shows Ug, that from an en.rly (lilrt of the long 
tertiary period the number of spccice of shells, and that 
110m the middlo part of this snmo period the number 
fA mammals, has not greatly or at ull increased. Whnt 
1ben checke flU indefinite iDCl"('a8(l in the number of 
llpE'CiC8? The amount of life (I do not mean tho 
Dnmber of llpe<:ific forms) sUPI)(lrted on any area. must 
have a limit, depending so Ia.rgd.y as it doc! on physical 
fOb.ditioll8; thercfore, if flll·arffi be inhabited by yery 
lIWIy flJX"Cics, eacb or nearly each speciea will be repre
lebtffl by few indi\'iduals; and such species will be 
liable to extermination from aooidentaJ fluctuatiolls in 
the nature of the seflEOns or in the Ilumwr of their 
.. mit'S. The process of extermination ira these {'Il5C8 
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will be mpid, whereas the production of new species 
must nlwfLYs be alow. Imagine the extromo case of us 
many species us individuuls in Englund. and the first 
IIEn'ere winter or very dry summer would exterminate 
thousunds on thousands of species. Hnre species, and 
each species will become mre if the number of spedes 
become in any country indefinitely iucreased, will, on 
the principle often explained, present within a given 
pcriod fow favOIuable mriations; cOlIscquontly, the pro
('ess of gil'ing biz·th to new specific forms will thus be 
retarded. When any species becolll(,11 ,'ory rare, close 
interbreeding will help to exterminate it; at least au· 
thors have thought that this comes into play ill accotmt· 
ing for the deterioratioll of Anroche ill Lithuania, of 
Bed Deer in Scotland, and of Bears ill Norway. &c. 
As far as animals are concerned, some epedes are 
closely adapted to prey on some one other organism; 
bllt if this other organism had been r!lI'O, it woUld not 
ham been anyach'antage to the animal to have been 
produced in close relation to its prey: therefore, it would 
not have been produced by natuml selection. Lastly, 
and this I am inclined to think is the most important 
element, a dominant species, which hus already beaten 
many competitors in its 0 .... '11 borne, will tend to spread 
and sl11lplant many otIlers. Alph. de Caudolle has shown 
that those species which spread widely tend generally 
t(l spread t'f!r!l widely; and, consequently, they will 
tend to supplRnt and exterminate 86veral species in 
&evcrnl areas, and thus check the inordinate increase of 
specific forms throughout the world. Dr. Hooker has 
recently shown that in the S.E. comer of Australia, 
where, apparently, there are many ilH'aclers from dif· 
fcreut qua.rters of the world, the endemic Austrnlian 
8pecies have been greatly reduced in number. How 
much weight to attribute to these se"cral oomidemtiooa 
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I do not pretend to assign; but conjointly the~- must 
limit in each country the tendency to an indefinite 
Augmentation of specific forms. 

Summary of Chapter. 

If, during tI,e long course of ages nnd under varying. 
comlitions of life, organic beings vary at all in the 
IIl'wml parte: of their organisation, and I think this 
cannot be disputed; if ihere be, owing to the high 
gt'Qmetrica! rotio of increase of each species, II. severe 
ItMlggie for life at some age, season, or rear, Bnd this 
\'t'rtuinly cannot be disputed; then, considering the in
finite complexity of the rellitions of all organic beiuga 
to t;llch other and to their renditions of exi:;tence, caus
inA' flU infinite diversity-in structure, constitution, and 
hnbit~. to be a<!\'antageous to thcm, it would be Il. most 
eXlnlordinary fact if no variation hnd e\·er occurred 
U8t·ful 11) cllch being's own welfare, iu the samo manner 
u ~ many Yll.riatiOIlS have occurred u.1lcful to man. Hut 
if '·nriatiuUB useful to any orgttnic being do ever occur, 
..... ul"\.'(lIy in,lividuals thus charoderil:ltXl will hn\'e the 
Ix'IJt cJUlU('C of being presem~'(1 iu tbe struggle for life; 
and frum the strong priucivle of inheritance, they will 
IenJ tn IlrOOUC6 on:~pring simillU"ly characterised. Tbis 
priuriple of prc,;en'ation I have ct\.lk'<i. for the 8il.ke of 
~\-ity. Xatuml Selection. It leads to tlle impro\'e
mt'ut of each creature in relation to ita organic and 
inorc'lll\ic {'()wiition.s of life; and consequently, in most 
~,to whut must be regnrdedns an advance in or
pni,q},lioll. Nevertheless low and simple forms would 
Ioag t·ndnte if well fiut.od for their simple oonditions of 
lift'. 

Xatuml Sf.·ie<>tion, on the principle of qualities being 
iD.bPrit~.J at corresponding ~"C8. can modify the egg. 
Refl, l'r young. as easily as the adult. Amon~t many 
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nnimuis, sexual selection will gi\'o its aid to ordinary 
selection, by lU;8uring to the most \'igorous and best 
adapted males the greatest nnmber of offspring. Sexual 
selection will al80 givo characWNI useful to the males 
alone, in their struggles with other mall's. 

Whether Datural liC!lection has really thus acted in 
nature, in modifying and adapting the "arious fonns 
of life to their several conditions aUlI stations, must be 
judged of by the general tenor and balance of evidence 
given in tbe following chapters. Dut we already sec 
how it entails extinction; and how largcoly extinction 
hus acted in tile world's history, geology plainly d~ 
citu'C!!. Katural 8Cloction, a1so, le&ll ... to divergent'6 of 
character; for the more organic beings dh'erge in ~tnlC
tntc, habits, and constitution, by 80 milch a grroter 
number cun be supported on the same area,-of which 
wo see proof by looking to tho inhabitanlil of any small 
spot or to naturalised productions. Therefore, during 
the modification of the descendants of anyone speck'S, 
o,nd during the incessant struggle of nll species to 
increase in numbers, the more w\'el"!!ified these de
IlCendants becomo, tho better will be their chance of 
succeeding ill the battle for life. Thus the small dif
ferences di~lingllishing varieties of the same specics, 
steadily tend to increase till they come to equal the 
greatcr differences betwecn species of tbo same genlll, 
or e\"en of di:;tinct genem. 

""e hlu·e &ell that it is the com mOil, the widely
diffused, and widely-ranging speci~ belonging to tlle 
larger genera withiu caeh cIlW, wbich mry lliQ::;t; amI 
these tend to tnlilsmit to their modified offspring tbat 
superiority which IIOW makes them dominant in tlwir 
own countries. Natural selection, as has just becn re
marked, leads to divergence of charoctcr nnd to much 
extinction of the l~ improved and illtcnnedinte form' 

1tl The Comolete WorK of Charles Darwin nil 



(' • .or, I\', 155 

of life, On thcso principles, the !lature of the affinities, 
&Ild the genemlly well-defined di .. tinctions of the in
numemble organic beings in each class throughout the 
world, may be explained, It is a truly wonderful fIlet 
-the wonder of which we ure (lpt to overlook from 
ramiliarity-that aU animals nnd all plants throughout 
&II time and space should be related to cuch uther in 
group subordinate to group, in the manner which we 
everywhere behold-namely, mricties of the samo 
'llC('ies most c108Cly related together, specius of the 
1lUll(' genus less closely and unequally rl'latcd together, 
rorming sections and sub-genem, specics of distinct 
gt'ncnt. much less closely related, and genera related 
in (\ifTl'rcnt degrees. ronning: sub-families, flUlIiJies, 
orders, sub-classcs. and cJMSC!l, Tho scl'crol subordinate 
~ups in any class cannot be ranked in a single file, 
but seem rother to be ciustere<i round points, aud these 
round other points. and so on in almO&t endless cycles, 
On the \'iew that each species bas bron independently 
t're8te<1, I can soc no explanation or this grt.!at fact in 
the c1o.ssiflcation of all organic beings; but, to the best 
01 my judgment, it ~ explained through inheritance 
and the comillex action of naturol selection, entailing 
~J:tincti()n and di\'ergenoo or character, as we IlIl.\'e seen 
WUlltratt."<l in the diagmm. 

The affiniti(!8 or all tbe beings or the same c11l88 ha'l"e 
IOmctimes been represented by R great tree. I belie\'e 
.hie simile largely speaks the truth. 'l'be grccn and 
bIlCIding twigs may represent existing species; and 
dXlIIe produced during each rormer year llIay repfCS(!nt 
&he long succel!Sion of extinct species. At each period 
of growth all tho growing twigs ha\'e triNi to branch 
oat OD all sides, Ilnd to overtop and kill the su.rrounding 
twige and bronehes, in the same manner as species and 
IfOUJAI or species ha"e tried to O'l"erm&ltcr other species 
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ill the great hattle for life. The limb!! divided into 
great branches, and these into lesser and lesser branches, 
were themselves onoo, when the tree was small, budding 
twigs; Ilnd this connm::ioll of tho former and present 
buds by mmifying branches may well represent the 
clnssification of all extinct and ii\>1ng species in groups 
BubordilliLtc to groups. Of the many twigs which !lou~ 
rished when the tree was a more hush, only two or 
three, now grown into great branches, yet survive and 
bear aU tho other hmllChosj so with the species which 
iinld during long-post geological periods, \'Cry fow now 
have li\-jng and modified descendants. }~rom the first 
growth of the tree, lllany 0. limb aud branch has decayed 
and droppe<l off; Rud these lost brllllcIlCS of various 
sizes may represent thoso whole orders, families, and 
genem which have now no living representatives, and 
\vhich are known to us only from being found in 1\ 

fossil stare. As we here and there see 0. tbin straggling 
brunch springing from a fork low down in 0. tree, l\IId 

wldch by some c1mnce has been favoured and is still 
alire on its summit, so we occasionally see au animal 
like tIle Ornithorhynchus or Lcpid06iren, which ill 
some slllall degree connects by its aIHnities two large 
brnnche:> of life, and which has apparently been saYed 
frow fatai competition by hal'ing inhabited a protected 
station. ..1.s buda gil'e rise by growth to fresh buds, and 
these, if Yigorous, branch out and ol'ertop on all sides 
many a feebler branch, so by generation I belitwe it 
1111<1 been with tile great Tree of Life, which fills with 
its dead and broken LmUlches tIle crust of the carth, 
and covers the ~nrface with its el'er-bmnching filld 
beautiful ramifications. 
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CHAPTER V. 

I,A""S 01' VARlATlO~. 

EffeclS of external conditions-Uee and dillul)(', combined with 
natural IlClectioll; organs of flight Bnd or vi~ion-AoolimatiSil
tiou-CunclMioll of growth - Clmpcnsalion and CCOll(>UlY of 
growth-False corrciation$-lllultil'le, rudimentary, lind lowly 
of1!8l1ised structUr(!!! vllriable--i'arlS developed in an unusual 
mauuer are bighly ,-anable: specific charocteMl moro vllriabl6 
than gencric: scoondLlry sexual charMlen; vnriable--Spccies of 
tho 8.~mu geuus WIry in nn lIllal(>golls lIl(].nllcr-Re'·cr~iOll~ to 
iong-i08tchllractcr&-SumlIlllry. 

I H,\ VE hitherto sometimes spoken as if the vnrintions 
-so common and multiform iu organic beings uuder 
domestication, and in It lesser degree in those in n state 
of natnro-had been due to chance. 'rhis, of course, is 
a wholly incorrect expression, but it serves to acknow
ledge plainly our ignorance of the cause of each pa.rti
cular Yflriation. Some authors believe it to be as much 
the function (:If lhe reproductive system to produce 
indil'idnal differences, ·or very slight deviations of 
III:ructure, as to make the child like its parents. But 
the much greater variability, as well as the greater 
freq!IPIICY of monstrosities, under domestirntion or cul
tiralioll, than UlHlcr nature, lends to the belief that 
de.iatiollS of strllcture aro in some way duo to the 
nature of the conditions of life, to which the parents 
and their more remote ancestors haye been exposed 
during scvernl genel"fltions. I have remarked in the 
first chapter-but a long catalogue of facts which cannot 
lie here given would be necessary to show the tmth of 
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the telllilrk-that the reproductive system is eminently 
8u~pti01e to changes in the conditions of lifo; and to 
this system being functionally disturbed ill the parents, 
1 chiefly attribute the mrying or plastic condition or 
the offspring. 'fhe male aJl(I female sexual elements 
seem to be affected before tiult union takes place which 
i~ to form a new being. In the CiUlO of bud-variations, 
or" sporting" plants M they are often ealled, the bud, 
which ill its earliest condition docs not appnrently differ 
essentially from an Mule, is alouo affected. But why, 
because tho I"Cproductive system ill disturbed, tm>! or 
that part should vary more or Iei'll, we are profoundly 
ignomnt. Nen!rtheless, we can here and there dimly 
catch a faint my of light, and we llIay feel Bure that 
there must be some cause for eacll deviation of structure, 
howe\'cr slight. 

How much direct effcct differ(!llce of climate, food, 
&c., produces on any being is extremely doubtful. My 
imprCF<~ion is, that the effect is small ill the eMe of 
animals, but more in that of plants. We may, at least, 
fafcly conclude that such illflnen<'eS {'fLnllot h8.\'e pm
duced the many striking and romplex co-adnptntioru 
of stnlcturc between one organic being and RDother, 
which wo sec e\"erywhere throughout nature. Some 
little influence may be attributed to climate, food, &c.: 
thus, E. Forbes speaks confidently t1Ult shells at their 
southern limit, and wilen li\'iug in slHlllow water, vary 
and become more brightly coloul'{'d tbtm those or 
the same species rurtller north or from greater depth!!. 
Gould believes that lJirds of the same species are more 
Lrightly ('Oloured under a ('I('ar atmoephere, than when 
lh'illS OD i~l"lIds or ncar th(' roast. RQ with insects: 
Wollaston i!! conviuced that resid(:nC(l llcar the sea 
affects their colours. Uaquin-Taudoll gin!8 a list of 
plants which when growing near the sea-shore have 
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their Icn\'cs ill &orne degree fI~hy, though not elsewhere 
ft~hy, So,'eml other such eases could be given. 

Tho fnet of vnrieties of one SI}cdcs, when they runge 
iuto.) tho zono of Imuitation of other specics, often ac. 
qniring in 0. vcry slight degree some of tho cho.rncters 
of such species, o.ccord.9 with our view that spc<!ies of 
an kimliJ o.re ollly well· marked and permanent mrioties. 
Thus the species 01' shells which o.re confiued to tropical 
ali(I shallow SCM are generally brightcr-eoloured than 
thOl>e confined to cold and declX'r seas.. The binb which 
are oollfillt.>d to colltillenU are, lll'COrdiug to lli, Gould, 
brightcrooCOloured than those of i.1lands. The insect. 
lpecicg confined to sea--coo.sts, as cl'ery cullector knows, 
are often bm.olsy or lurid, Plants which livc exdusi\'ely 
on the sefH:lidc are very apt to havc flc~lly IO~l\'08, He 
... ho belic,'os in the oreatioa of ench species, 11m ha"e 
to say tho.t this shell, for instancc, was created with 
bright colours for n. warm sea; but that thill other shell 
became bright-.colourcd by mriation when it rlUlged 
into warmer or shallower wnters. 

\\l)l'o a mriation is of the slighte::it use to ft, being, 
.. e Cjlllilot tell how much of it to attribute to thc aCC'U
mnlath'e action of natural selection, and how much to 
the conditions of life, Thus, it is well known to fnr
riers that animals of the sa~ne specieil havc thicker and 
better fur tho moro scvere the climato is under which 
they ha,·c H\'/xl; but \lho can tell how much of this 
difference may be due to the wannest-clnd individuals 
hatiog l>een f(~\'oured and prcsen'oo during many 
genemtiollB, and bow much to tllc direct action of 
the 8e\"erc climate? for it would appear that climate 
hu sume direct action on the hair of our domestic 
q...Jrul'oo" 

Instauces could be givcn of the 88mc "aricty being 
producl.'l.l under oonditions of lifo as diffcrent as can 



100 EFFECTS or USE AND DISUSE. Cn.o.p. V. 

well be conceived; and, on the cUler band, or different 
varieties being produced (rom the SlIme species under 
apparently tho same conditions. Such facts show how 
indirectly the conditiolls of life RCt. Again, inllumerable 
iustances are known to c,'cry naturalist of species keep
ing trne, or not varying at all, although living und(:r 
the most opposite climates. Such considerations as 
these illcline me to Jay very little weight on the direct 
action of the conditions of life. Indirectly. na alretldy 
remarked, tlley S<'cm to play nn important part in 
atr()('ting the reproductire system, Rotl in thus inducing 
variability; and natural selection will then accumulate 
all profitable variations, however slight, wllil they be
como plninly dcm:ioped and apprceiable by us. 

In a far-fetched sense, however, the conditions of life 
may 00 said, not only to cnu--oc mrinbility, bllt likewise 
to include nntllrol selection; for it depends 011 the 
nature of the conditiOlls whether this or thnt varicty 
shall be prescn·ed. But lfO sec in selection by IIlnn. 
thnt these two clements of change are essentinlly 
distinct j the conditions uuder dOllle~tieation cllllsing 
the nniability. and the will of man, acting either 
cOllscio\lsly or IInconsciou~ly, accumulating the mrill
tion8 in certain definite directions. 

Effect, uf ['U and Dituu, III controlled by Natural 
Selection. 

From the facts alluded to ill tIle first chnptcr, I think 
thcre call he uo doubt tllat lise ill our domestic animals 
strengthens and enlargf's rert.'1in parts, and di",u~ dinli
nishcs them; and that surh modifiration8 nrc inherited. 
Under free nnture, we ('an have no standnrd of com
parison, by which to judge of the effects of long-con
tinued use or disnse, fOf we know 1I0t tIle parent-forms; 
but mnny animals hn,·c structnfcs which cnn be c:x-
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plained by tbe effects of diSllse. As Professor Owen bas 
1'C1llnrked, there is no g!'entor anomaly in nnturo than 
a bird tllnt cannot fly; yot there fire soveral in this 
state. The logger-headed dnck of South Americn. can 
only flap along the BUrfllOO of the wflter, nnd has its 
wings in nearly the same condition as the domestic 
Aylesbury dnck. As the lnrger ground-feeding birds 
~ldom take flight except to escape danger, I belic,Q 
that the nearly wingless condition of se\'eml birds, 
which now inhabit 01' IllLve lately inhabited several 
oceanic islands, tenant.ed by no beast of prey, has been 
canscd by disuse. The ostrich indeed inhabits con
tinents and is exposed to danger from which it cannot 
escape by ilight, hnt by kicking it can defend itself 
from enemies, as well fill auy of the smaller quadl'llpeds. 
We may believo that the progenitor of the ostrich 
genus had habits like those of a bustard, Imd that, flS 
natuml selection increased in successive generations 
the size and weight of its body, its legs were used 
morc, and its wings less, until they became incapable 
orOig-ht. 

Kirby hflS remarked (I\nd I llave observed the snr~e 
fset) tllll,t the anterior tarsi, or feet, of many malo dung
reeding beetles are "ery oftf4n broken ofr; he examined 
Bel'enteE>n specimens in hilt own collection, und 110t one 
had eyen n relic left. In tho Qnites npelles the tarsi 
are 90 habitually loet, that the insect has been described 
as not haYing tllem. In some other genera they are pre
It'nt, but in a rudimentary condition. In the Ateuchus 
or saerccl beetle of the Egyptians, thoy are totally deff· 
cient. '£ he evidence that accidental mutilations call 
be inherited is at present not qnite decisive; but the 
remarkable case obscrved by Brown-SOquard of elliiepsy 
pnxluroo by injuring the spinal chord of gltinea-pi~ 
bring inherited, 8110uld make us cautious in denying 
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such power. So that it will perhaps be safest to look 
at the entiro nbsence of tho ant('rior tarsi in Aicuchua, 
and their rudimentary condition in BOIlIO other genem, 
as duo to the long-OOlltinued elfe<'ts of disuse ill tlleir 
llro;enitors; for 1\8 the tarsi are almost always lost in 
many dung-feeding beetle!!, t!\('y mu~t be l08t early in 
life, and therefore cannot be of much importance or be 
much IDJe(1 by IhC8C insecb. 

In !iOIlW cascs we might easiJ..r 1~!.Ldo":n ~_ dj~IL.'IO_ 
c.,; mOOifico.tions of stMlctnt'O which o.re wholfy, or mainly, 

due to Ilntural 8£'lertion. ).(r. Wollastoll hl\8 discovered 
tbe remarkable fact that 200 booUce, out of the 5.-,0 
speciel (but moro nre now known) whieh inhabit :Ua
deim, nre go far deflcirnt in wings thnt thoy cannot 
fly; and Ihnt., of tho twenty-nine enrkmic genern, no 
lCflS thnn twenty-three geu('tft ha'·e all tli('ir spec-i('l in 
thill condition! Several fRrt,\-namely, that beetles in 
mRlly pRri8 of tho world il.fO ff(!(}uontly blown to sea 
and p<'rish; that tho beetles in )[adcim, M observoo by 
::'Ilr. WolI!l.!!ton, lie much oollC'('fl.lod, until the \Viml lulla 
and the 811n shince; that the proportion of wingl< .. 
beetles is IRrgt'f on tho (,xpo3C<l Descrtas dUlIl in .I\(a
deim it .. dr; and ellpccially the extraordinary fad, 80 
strongly insisted on by Mr. Wollaston, of the ahllOll& 
t·ntire absenffi of certnin large group8 of beetles. e1. 
wbero excc>'sh·ely lIumeroUl!, and which groups hav8 
habits of lire almost n~,,";;it.n.ting ff'('l").uent flight j 
these lIt"verru oonsidcrtt.tions have madt" me belie,-e tha& 
the wi nglcss condition of 80 Illany Madeira beetl08 iI 
mainly due to the Rtliou of natural sclC<"tion, but com.
biued IJrobably with disuse. }~or dnring man)' we
cessi,·e generations each indi\·idual beetle which fie. 
least, oil her from its wings ha,·ing been erer 80 little 
lcss perrec'tiy developed or from indolent habit, wiD 
have had the best chance of survi,-i..ng from 1I0t hem, 
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blown out to 8C6; and, on the other hand. those beetles 
","bich mOilt readily took to flight would oftenest have 
been blown to fK'a and tbill! hare been deFltroyed. 

The insocts in Madeira whieh are not ground.feeders, 
and wliith, ns the nower.feeding coleoptera and lepidop
tera, must hnlJihlluly use their wings to gain tbeirsubsist· 
ence, have, 1\8 l\fr. Wollaston stllipecls, their wings Dot 
at all rodnced, but oven enlargod. This is quite com
)4tible with the action of natural selection. For when 
a Dl'W insect first RlTived ou the idaUlI, the tendency 
ut naturol 6Clection to enlarge or to reduce the wings, 
1rOUM d(>pend 011 whether a greater number of indivi· 
duald were sal'ed by su(>C<!S:;fully battling with the wiuds, 

• or by giving IIp tho attempt and ror<.>ly or lIever flying. 
As "ith matiners shipwrecked IICUt 0. coosl, it would 
ba\"t~ been better for the good swimmers if thoy had 
been able 10 8wim still further, wheroas it would have 
been better for tho bad swimmers if they hnd not been 
aLI.) to swim at all and had stnck to the wrock. 

The eyes of moles and of some bUlTOwing roclellts are 
ndiml"ntary in sizc, and in some CR8e!I arc (luito covered 
~ by skin Rnd fur. Th.i& state of the eyes is probably 
dae to gradual reduction from dil:luse, but aided perhaps 
by Datural sel('Ction. In South Americu, a burrowing 
rodent, tho tuco-tneo, or Ctenomy8, id e,-ell more subter
l'abe&Il in its: habits than tho m~le; and I was l\S8ured 
by 8 Spaniard, who had often caught thclll, that they 
were frequently blind; one which I kept nlivo wns cel"
llinJy in this condition, tho cause, 08 appeared on dis
Iedion, having been inflammation of the nictita.ting 
.... bratlf'. As froqueut inflammation of the eyes must 
.. injurious to any animal, and as oyes are certainly 
.. indi.8l'dl:;llble to a.rumals with snbterranean habits, 
Il'I!Iduction ill their size, with the lulhcl:Iion of the eye
Iidt aDd gt"Ol'Iih of fur o\-er them, might in such case be 
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an advantage; and if so, natural selection would con
stantly aid the effeets of disuse. 

It is well known that several animals, belonging to the 
most different classes, which inhabit tlHl caves of Cami
olaand of J\:CJltueky, are blind. In some of the crabs the 
foot.stalk for the uye remains, though tIle eye is gone; 
the staud for the telescope is there, though the telescope 
with its glasses has been lost. As it is difficult to ima
gino that eyes, though useless, could be ill any way 
injurious to animals living ill darkness, I attribnte their 
loss wholly to disu~e. In one of tho blind animals, 
namely, the can~ .. rnt (Keoloma), two of which were cap
tured by Professor Silliman at above half a mile distance 
from the mouth of the cave, ami therefore not in the 
profoundest depths, the eyE'S were lustrous anti of large 
size; but these animals, fiS I am informed by Professor 
Silliman, havillg been exposed for about a month to a 
graduated light, acquired a dim perception of objecb 
when brought towards their eyes, aud bliuked. 

It is difficult to imagine couditions of lifo more simi
lar than deep limestone caverns llIlder a nearly similar 
climate; so that, on the common view of the blind ani
mals lla"ing been separately created for thtl AmeriCtlIl 
and European caverns, ,'ery close similarity in their 
organisation and affinities might have been expected. 
This is certainly not the case if we look at the two whole 
faunas; and with respect to tho insects alone, SchiOdte 
has remarked, "'Vo are accordingly pre\'ented from 
considering tIle eutire phenomelion in any other light 
than something purely locul, and the similarity which is 
exhibited in a few forms between the Mammoth cave 
(in Kentucky) and the caves in Corniola, otherwise 
than as a "cry plain expression of that analogy which 
snbsists gellernlly between tho fauna of Europe and of 
North America," On my view we must suppose that 
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American animals. having in most COI\o"8 ordinary powers 
of \"isioll. elowly migrated bysuccCl;5:in' genemtiolls from 
the outer world into the deeper and deeper recesses 
of the ]';:entucky eayes, as did European LUullIols into 
the car~ of Europe. We 11a,"0 BOrne ovidenoo of this 
gra<illtioll of hnbit; for, na RchiOdte tcmnrkli, "We 
acrordillgly look upon tho subtcrrnnf.'nll fuuuna na email 
r.mifirotiOllll which haxo penetrated into tho earth 
from the grogmJlbicalIy limited fOllnll8 of the adjacent 
tracl~, and which, Il!I they extended themsch"cs into 
darku.·~\ have been nccommooated to 8urrolildillg cir
f'tlIIbtanccs. AnimaL! not for remote from ordinoty 
bIDS, prepatO tho lran:;ition from light to darkness. 
1iext fullow those that are con~tmcted for twilight; 
and, lMt of all, those destined for totol dlU'knes~, and 
waOt<f' formf\tion i~ quite peculiar." Thetie remarks of 
Schii.idle's, it lIilQuld be understood, ttpply not to tbe 
Mme, bllt to distinct speci{'!l. Dy the timo thnt all 
animallmd reached. after llumberl<'88 generations, the 
d.!oepo.->ll J'('('es.;e~, disuse will on thi.!! yi<,w hayo more 
«I. lleneetly obliterated its eyeR, and natural 
"tion will oncli ha,"e elTected othlor ehangCII, such as 
.. iucreaso in the length of the antennro or prupi, as 
• oolUl"'nNltion for blindness.. Xotwithstanuillg Sllch 
moo:lificatiQn~, we might exp<'tt still to 8t.'O in the cave
.u1ll1\1~ of America, affinities to the other inhabitanl8 
fA thllt rontillent, and in those of ]~lIropo to the inha
bitanl~ of the European continent Aud this is tho case 
with MOIne of tho Amerirol\ clive-animals, fIB I heM 
from Prof('~sor Dana; olld sollle of tll0 European cave
__ 111 are '-cry closely allied to thoee of the surround
JIg ('ountr). It would be mOt>t dillicult to gi'"C any 
ruioDal explauation of the allinitiC'fl of the blind cave
..m.aJlllo the (,ther inhabitants of tbe two coutineuis 
.. the ordinary view of their inu,o,",.'Ildent c~atiolL 
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1'bat severnl of tho inhabitants of the ('axes of tiL{' 
Old and New Worlds should he cJ08Cly related, we 
might expect. from the weU-known relationship of most 
of their other protluctions. As a blind species of 
Bathyscia is found ill abundance on shady rocks far from 
OtWell, the IOi>!! of \"jsion in the cnYe-specics of this one 
genus haa proooUy bad no relation to its dark habita
tion; Rud it is '-ery ontuml that nn insect already de
prived of ,-ision should readily becomo adapted to dark 
CIl\'enl8. Another blind genus (AnollhtilnIIUUJI) cITei'll 
this remlU'knble peculiarity: the sa\-ernl distinctspecics, 
as Mr. Murray hll.~ remarked, inhabit scyeral distinct 
European c&n!s and likewise those of Kentucky, Bnd 
the genus is foulld nowhere except in CBYes; but it 
is p088ible that the pl'OgCnitor or progenitors of theM 
severol specie:o, whil.ljt furnished witb eyeR, formedy 
may have mnged widely over both continents, and 
sillce (liko the ciel)llIlnt 011 both continents) Iune 
become extinct, excepting in their prl'Sent secluded 
abodes. Far from f~ling surprise that lOme of the 
Cllve-o.nimals should he very anomalous, as Agassiz baa 
remarked in r<'f.,rnrd to the blind fish, tho Amhlyop!<i!\ 
and it!! is the case with the blind Proteus with referenco 
to tho reptiles of Europe, I am only surprised that morn 
wrecks of ancient life have not been l)rcsen'ed, owing' 
to the lC83 8C\"ere competition to which the inhabitant" 
of these dark abodes must ha\'e been eJ:posed. 

At'Climatilation. 
Uabit is hereditnry with plants, 118 in the period of 

flowering, in tho amount of min fCquisite for seeds to 
ge.rmiuote, in the tirru of sleep, &c" and thill leads m& 

to say a few wonls on ncclimati:;atioll. As it i8 (,J:~ 

tremely common for IIpedeeof the SRme genus to inhabit 
hot aDd cold countries, and as I beUe\'o that all tbe 
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tpecics of the sarno genus ha,'c descendod from a singlo 
parent, if this yiew be correct, accl imati,;ation must he 
readily etroctoo during long-continued descent. 1 t is 
I1Otorious that each "pecies is adapted to the climate of 
ita OWJl home; species from au arctic or even from a tem
perate region cannot enduro a tropical climate, or con
'feraely, So a.:,.<>nin, many succulent plalltscaullotendlire 
• damp climate. But the degree of atizlptation of species 
to the climates under which they live is often overrated. 
We may infer this from our frequent inability to pre
dict whetller or not an imported plant will endure our 
climate, and from the numlJcr of plauts and animals 
brought from warmer countries which hero enjoy good 
bealth. "'e have reason to belic"e that species in 8. 

at(> of nature are clO8e'ly limitoo in thoir rongce by tho 
o;)Dlp<:liiiou of other organic beings quite as much ns, 
GI' more than, by adaptation to particular climatCf!. But 
wbetller or 1I0t the adaptation be generally ,-cry close, 
"have c,-ideuee, ill tho case of some few pla.nts, of their 
lIecominfr, to a certain extent, naturally habituated to 
Gft'ert·nt temperatufC8, or becomiug acclimatised: thns 
tbe l'iuetl and rhododendrons, raised from seed collected 
by Dr. Hooker from trees of the salllO species growing 
Ii different heights on tho Uimalaya, were found in 
daiI country to l1088OS8 difi'C!rellt constitutional powers 
• r&;itiling cold. ]1r. 'fhwnitC8 infonns me that be has 
obeened aimilar Uleta iu Ceylon; annlogous ol>seryn
_ OO,"e been made by Mr. H. C. Watson on European 
Ipecies or )llants brought from tbe A1.orce to Engillud ; 
ad I could giro other el"l8CB. In regard to animnls, 
leVerall\uthentic instances could he addueed of species 
within h~torieal times ha,-iug largely exteuded tbeir 
bilge £rom warmer to cooler iatitudl'f', and oonn~rscly; 
.. we do not positively know that tbew animals were 
~y adapted to their nath·o climate, yet ill all ordi-
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nary C8.'lCS we ~Ullltl Buch to be tho case; nor do we 
know that they htn'o Buuscquently becom~ srlecially 
f!.Celimntisod to lil('ir new homes, 80 fI.S to be better fitted 
for them than t111'Y were at first. 

All we may inii .. t that onr domestic 1\1limnts wem origin. 
olly chosen by Illlcivilisod man becnu..;e they were use
ful Dud bred readily under confinement, Bud not because 
they were BUOst>qllCUtJy found capable of far-extended 
tmllsportntion, the common aud cxlmordillary capacity 
ill our domestic animals of Dot only witlHitnuding the 
most different climates, but of ~ing l)CrCC('tly fertile 
(8 flU' 8e;crer te-t) under them, llIay I"e w;ed 88 au 
argument that a large proportion of other animals DOW 

in a stnte of nature could enaily be brought to bear 
widely different climates. ,re run",t not, howC\'cr, pllllb 
the foregoing nrgument too faf, 011 Ilccount of the pro
bablo origin of tIOme of our domestic animals from 
Be,-eral wild stock,: the blood, for i1lJ~tallcc-, of a tropicaJ. 
and arctic wolf or wild dog may perhaps be mingled in 
our domestic brced.t. The mt and moU:;tl cannot be 
collsidered as domestic animals, but they h1"-0 Ueell 
tronsported by lUan to mauy parts of the world, and 
now ba\-e a flU wider mnge than allY otber rodellt. 
living free under the cold climate of Faroe ill the 
north and of tho .Falklands iu the tIOuth, and on many 
islands in the torrid zones. Henco I atu inclined to 
look at. adaptation to any special climate as a quality 
rt'ftdily grafted on an inllate wide flexibility of constitu
tion, whieh j~ ('Ommon to mOt.""t allimal8. On this ,-ieW', 
tho capacity of enduring tho most diftcrellt climates by 
IIlRn himself anti by his c\omesticauima1.s, and such f8C.'U 
M that former 'pccit" of the elephant nLld rllW<X'CfOI 
wero enpablo of enduring 0. glnciill climnte, wlu:reas the 
living species are now all tropical or 8ub-tfopiea.l ill 
their habits., ought not to be looked at at anomalies, but 
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nlerely as examples ora very common flexibilityo(collsti. 
tution, brought, under peculiar eireulllstanl'ell, illto action" 

How mneh of the aeclimntisation of species to any 
pE!('uliar ('limatc is due to m('re habit, and how tnuc-h to 
tb(' nntnral sclcrtion or ,"ancties baving difft'rcnt innnte 
l"ODstitutionij, nnd how much to botll menns combined, 
is an obscure qnestion. 'l'hat Imbit or cue-tom has some 
iDftuence I must belie,-e, both from analogy and from 
the in~nt advice gi,"en in agri<'ultllrnl worb, even 
in the aucient Eneyclopoodiaa of China, to be '"ery ("all

tious ill tmusp06ing animals from one distriet to an
otber; (or it is not likely that mllll should have sue
oeeclcd in aclecting 80 mallY broorls and sub-bfC(.'(ls with 
(OUtitutious specially Htted for their Oll"n digtrids: the 
remit must, J think, be due to habit. On the other 
hand, J ('Illl see no re!lBOu to doubt thllt natural selection 
will ('onlillllnlly lend to preserve those individunl'lwllich 
are born with constitutious best adnptcd to their nnti\"{, 
eou.DtriCii. In treatises 011 mally kinds o( elllt i,-atcd 
planti\ ("('mill mrielies arc said to witil.!.tand certrun 
eIiaultes better than others: this is '"('I'Y strikingly 
_ .. n in works Oll fruit·tl"CC8 lJUblishNl ill the 1.'nitcd 
s..tcs, in which ccrtailJ ,"arielics are habitually rroom . 
.ud('<i for the northenl and others for the southern 
8ta1t'8; and liS mOE't of thc~n yarietit·fI arc of rcee.nt 
trigin, they CBnnot owe their constitutional difTerenC'efl 
to habit. The case o( the JCnlMlem artichoke, wlJieh 
it Re'"er propagated in Englund uy seed, lind of which 
CIOIIICqucntly new mrieties hl1\"o not been produ("ed, hilS 
"en b/'("n Ildl"IlIl('('(I-(or it is 1I0W aa tend('r aa el"«~r it 
ftI--6S proving that a('('"limatir;atioll cannot bo etr('('tf'<!! 
'l\e CfW', al-.>, of the kidney-bron hns b<:o4!u oft("n dtN) for 
•• miI4r purllOeOf', a.nd with lUuch greater w(,ight; but 
_til lOme one will 8QW, during a 1IC'Oft' of gClwrations, 
.. kio.lnt'y-J...calls !;() early that n very lnl"£'! 1""Ol'ortion , 
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arc d~lroyoo by frost, and then collect seed from the 
fow 8un'i,"0rs, with care to pOO"cnt accidental cf'08Be8, 
and then Ro"'tl.in get 8Ced from these seedlings. with the 
Mme precautioll!!, the experiment cannot be 8Rid to 
have been e,'en tried. Nor lot it be 8uppo;ted that no 
difforence8 in tho constitution of seedling kidney-beana 
ever appear, for an aceount has been published how 
much more hardy sollie IlCedlings were thnn otllel1l; and 
of tbia fact I have myself obser,'OO a atriking jnstance. 

011 the whole,. I think we may conclude that haLit, 
uso, and dbusc, have, in some C88C!!, played a collsidfor
able part in the modification of the constitution, and 
of the atrncture of various organs; but that the elTects 
of use and diBU86 have onen been largely combined 
witll,and sometimes overmastered by, the natural selec
tion of innate yariations. 

OM"reiation ojfJ-rowtk 

1 mean by this e:lproesion that the wbole organisation 
is so tied together during its growth aud dC"e!opment, 
that when slight variations in anyone part occur, and 
are accumulated through natuml aclcction, other paN 
bocomo modified. 'l'his is a very important subject. 
most imperfectly understood, and no doubt totally dil'. 
ferent c1asse8 of factd may be hero eMily confounded 
togetller: we sball prescutlyaeo that simplo inheritADCe 
oneil gi"C8 tbe false appearance or correlation. 'fba 
most oU" ious instance of real correlatiOD is, that vari
ations of structure arising iu tho young or in the lar\'ll 
lIaturally tend to affect tho structure of the mature 
8l1imal; in the llamo manner 88 any mak-onrormatioo 
iu the eorly embryo is known seriously to affect the 
wholo orgnnitsatioll of the adult. 'fhe 86"ern] parts tA 
the body which are homologous, alld which, at an early 
embryonic period, aro identical in structure, ilJld whiclr. 
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are ne<'<"!Snrily exposed to similar conditions, seem ('mi. 
nentJy liable to vary in a like manner; we 8t!O this in 

"tbe right and left sides of the body varying iu tbe some 
manner; in the front and hind legs, and e,'clI in the 
jaws nnd limbe, varying together, for tho lower jaw is 
believed by some to he homologous with the limbs." 
These tcndencies, I do not donbt, may be lllastered 
more or lell5 colllpletely by natural selertioll: thus a 
family of stags once existed with fill antler only on one 
Me; and if this had been of any great use to tho breed, 
it might probably have been reudered permanent by 
III.tural selection. 

Homologous parts, as hlUl been remarked by some 
IltIthors, tend to cohere; this is often seen in mOllstrons 
plants; and nothing is more common than the union or 
homologous parts in normal stnlcturcs, as tho union 
0( tho petals oi tl10 corolla into a tube. Eard parts 
teem to affe<-t the fonns of adjuining soft parts; it is 
lIelie,·oo by some authors that the di"crsity in the shape 
II tl!e p(·lvis in birds causes the remnrkable diversity 
• the IOhape of their kidneys. Others believe that the _pc of the pelvis in the human motJlcr innuences by 
pi'MSUI'(' the shape of the head oi the child. In snakes. 
I«"ol"!ling to &hlc~I, the: shape of the OOdy and the 
Banner of swallowing determine tho position of several 
of thE' mO!!t important viscerR. 

ThE' nature oi tho bond of correlation is "ery fre
,oently qllito obscure. M. Is. GeoffrorSt. IIilaire hill! 
hdblv remarked, that certain mo.lconiormations very 
hqn(';!t1y. And that others rarely coexist, without onr 
Ming ahlc to lUllIign any reR80lI. "'hat can be more 
-.agular thnn in cats tho relation between complete 
whiteDCM with blue ey('S and fleafnc.;;s, or bet"-een the 
~lwll colour ftlld the fcmale !W'x; or in IJigrons 
between tlu·ir fcnthered feet and skin betwi.xt the outer 
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toes. and between tho presence of more or less down 
on the young bird when first hatched, with tho future 
colour of ita plumage; or, again, the relation between
the hair aud teeth in tbe naked Turkish dog, though 
hero no doubt homology comes into play? Wilh respect 
to this latter caso of correlation, I think it can hardly 
be accidental, that, if we pick out the two orders of 
mammals which are most abnormal in thcir dermal 
covering, "iz, Cetacea (whales) and Edentata (arma
dilloes, scruy ant.-eatcrs, &c.), these aro likowise the 
most abnormul in their teeth. 

I know of no case better adapted to show the im
portance of the laws of correlation in leading to modi
fications of important structures, independently of utility 
alld therefore of natural selection, than that of the 
difference ootween tho outer and inner flowers ill some 
Compositous and Umbellifcrous plants. Everyone 
knows the difference in tho my and contral florets of, 
for instance, the daisy, and thig difference is ofteu 
tl.ccompauied with the abortion of parts of the flower. 
liut. in some Compositou8 plants, tho seeds also difl~r 
in shape aud sculpture; and m'en tbo ovary itself, with 
i18 aeec,;,;Qry parts, differs, as has boon dcscribed by Cas
sini. These differences have boon attributed by BOrn£' 
authors to prcssure, and tho shape of the seeds ill the 
my-florets in somt:> CompoRitm countenances tlli>! idea; 
but, ill the caso of the corolla of the Umbelliferre, it is 
by no means, as Dr. llooker informs me, in species with 
the densest hcads tllnt the inner and outer flowers 1Il000t 
frequ!.'ntly differ. It might ha\'e been thought lhat the 
development of tlle my-petals by drawing nourishment 
from certain other parts of the £lower bad caused their 
abortion; but in somo Compogjtro there is a dilTeren("e 
in tho seeds of the outer and inncr florets without auy 
difference in the corolla. l'ossibly these several differ-
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en<"etI may be connected with some difference ill the 
!loW' of nutriment towards the rentml alld external 
&nrers: we kllow, at least, tbat ill imgular fl owers, 
\hoM lIearCflt to the aris are mid to be onene~t subjed 
to peloria, and become regular. I llIay add, a.q an in
dance of this, and of fI. striking ('1\80 of correlntion, that 
I blwe rcrently ob8crHxI ill some garden pelargoniums, 
that the ctlltrnl flower of the truss of tell loses the 
r-tchCfl of darker colour ill the two upper petals; and 
that, wben thi! occurs, the adbcr(·nt lIC<'tary is quite 
aLorted; when the colour is aheent from olllyone of tile 
two upper petals, the nectary is only much Bhortened. 

With n·"'I)ed. to ihe diffcrenee in the corolla of tbe 
central and exterior flowcl'1! of a head or umkl. I do 
DOt fl ... ·l at all sure that C. C. Sprengt'l'll idea that 
the ray-nord8 8('rl'S to aUrnet insccts, w!JOt;(' ageney is 
highly atll'Blltageous ill tIle fcrtilisation of plants of 
these two orden, is so far-fctdlOd as it mlly at fil'1!t 
lppI'4r: and if it be ad\-alltagcoull, Ilaturnl IIClection 
_y have come into play. But in rt'garci to the diJTer
~ both in the illtenlal and external Itnwture of the 
~ 1\-hich arc not always correlated with any differ
taOf1I in the !lowers, it 8C('ms imp<l&<ible that they call 
be in Blly way ad\-alltagoous to the IJlant: yet ill the 
UDlbPllift:NC these differences are of RiCh apparent im
portam~the seeds being in some mBeR, aerordiog to 
r.a.ch, orthoepermous in the exterior nowel1l and coo
-hpennoull in the N'ntrnl 60wel1l,-tl18t the elder De 
Omdolle founded Ilis main divisiolls of the order on 
..togou~ ditrcrenCC8. Henee we 800 that. modificatioIUI 
" IItructUrt', viewed by systcmatists as of high 'falue. 
-1 be 1\"holly due to unknown laws of corri'latcd 
powth, and without being, Ill! far as we enD k'C, of the 
IliPtHt. ecni<'6 to tile speciea. 

We may often falsely attribute to corrclation of 
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growth structures which are common to whole groups 
of species, and which ill truth are simply due to in
heritance; for au ancient progenitor may have acquired 
through natuml selection some one modification in 
structure, and, after thousands of generntions, BOmo 
other and independent modification; and these two 
modification~, having been transmitted to a whole group 
of descendants with diverso habits, would naturally be 
thought to be correlated in BOme u(.-'CCS$8ry mauucr. 
So, again, BOrne correlations, occurring throughout whole 
orders, are apparently due to tbe manner alone in 
which natural seloction can act. :For instance, Alph. 
de Candolle has remarked that winged seeds are never 
found in fruits which do not open: I should explain the 
rulo by the fact that seeds could not gmdually become 
winged through natural selection, except in fruitil which 
opened; so that the individual plants producing seeds 
which were a little better fitted to be wafted further, 
might get an advantage over those producing seed less 
fitted for dispersal; and thiil process could not possibly 
go on in fruit which did not open. 

Oompensation and Econom!l of Growtl •• 

The elder Geoffroy and Goethe propounded, at about 
the sallie period, their law of compensation or balance
ment of growth; or, as Goethe expreS5Cd it, "in ordorto 
spend ou one sido, nature iB forced to economise on the 
other Bide." I think tllis holds true to II certain extent 
with our domestic productiollB: if nourishment flOWii to 
one part or organ ill excess, it rarely flows, at loost in eJ:

ceR'l, to another part; thus it is difficult to get a cow to 
give much milk and to fatten readily. 'l'hesnmc mrieti08 
of the cabbage do not yield abundant aud nutritioUB 
rolinga and a eopioll8 supply of oil-benring seeds. When 
tho BOOcls in our fruits become atrophied, the fruit itself 
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gail1ll largely in size and quality. In our poultry, • 
la~ tuft of fcatlie"" on the head is gt'nerallyaccom
panied by • diminished comb, and a largo beard by 
diminil!lh(>(l wuttles. With speeiCfl in 0. stato of nature 
ii Mil hardly be maiutained that tho Jaw i. of universal 
apJllieation; but many good observers, more especially 
botll.llisiB, believe in iLl truth. 1 will not, however, hero 
gil'O any jlll:ltBnCCSl, for I see hardly ally way of distin
gui~hing bct\\een the effects, 011 the one hand, of a part 
ht-iog lI\1gely del'eloped throngh natural .l'ieetion and 
auother aud atljoining part being re,luced by this samo 
procesa or by disWle, and, on tho other hand, the actual 
"ithtlrawal of lIutriment from ono part owing to the 
Ut'L'88 of growth in another and adjoining po.rt. 

[ sll"ped, alae, that some case8 of oompeulIRtion which 
laal'O Il('('u advanced, Bnd likewise 8Omo other faeLs, may 
be mer~1 under a more general priu('iple, namely, that 
natural 8Clcct ioll is oontinually trying to economiso in 
l'lWy part of the organisation. If uuder (,hanged coo
ditinllS of lifo a structuro before u<;ernl bceomc8 less 
WIt.flll, any diminution, however 8light, in ita del'elop
mf"nt, will be seized on by natutal &eleetion, (or it will 
pnlfit the indivilluaJ not to havo iu nutriment wasted 
in building lip an llaele1i8 structure. I can tllU.8 only 
lln,lt'rstalitl a fact with whit-h 1 was milch struck when 
eumining cirrilK'dce, alld of which many oth~r iostanCCfl 
could be given: namely, that when a cirripcde is para
litic within nnother and i~ thus protected, it iOflC$ more 
or IC8!l completely its own shcll or earapace. 1'his is 
the case with tile male Ibis, all1l ill a truly extmordinary 
manlier with tho l)roteolepns: for tho campa.ce in all 
o&ber ('irri[lOllcs oonsists of tho three highly-important 
aat,n;or .8e'~ments of the hea't enormously developed, 
Ad fllMli~hed with great ll('n't'S alill mWJCICII; but in 
the panuitic and protected l>rotooJcpaa, the 1'·hole ante
rior pIlrt of the head is reduced to tho merel:llt rudiment 
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attached to the bases of the prehensile antennre. XOI'f 
Ihe saving of a large Rnd complex structure, when reu· 
tiered superfluous by the parasitic habits of the Protoo
IcptlS, though effected by slow steps, would be a decided 
a.d\'Q,lltagtl to each BUecel'Sin"l individual of the spe<'il'8; 
for in tho struggle for lifo to which every animal is 
eXl)()Se(], OOI'h imli\'idual Protooiepfl8wQuid hal'o a beUrr 
chance of supporting itself, by less nutriment being 
wasted in developing a !'tructllro nolV become useless. 

Thus, as I believe. natural selection wil! always sue
cOOll in the long run in reducing and saying every part 
of the organisation, as soon fl!! it i~ rendered by chauged 
habit8 of life superfluous, without by any means cau~ing 
some other part to be lnrgely developed in II. corre· 
sponding degree. And, com'ersely, that natural selec
tion may pen<'Ctly well sllcl'ced in largcly developing 
any organ, without requiring as a nooessn.ry compensa
tion the reduction of some adjoining part. 

Multiple, Rudimentary, and L()wly-crgul1ised Structuru 
are Variah18. 

It seems to be 0. rule, M remarked by Is. Geoffroy 
St. llilairc. both ill varieties and it~ spocics, that 
when any part or organ is repe-nted many times in 
tho structure of tllO SIlme indiridual (ftS tho ycrtebne 
in snakes. and the stamcns in polyandrous flowers) the 
number is variable; wIlen-as the Dumber of tIle SlIme 
part or organ, when it occurs in lesser numbers, U: 
COllstant. The same author and some botanistB ha"e 
furlllCr remarkod that multiple parts are also "ery liable 
to "ariatioll ill structure. Jnnsmuch as this" vegetntive 
rcpetition," to US(l Prof. Owen's expression, seems to be 
a sign of low organisation, the foregoing remRrk seems 
connectod with the very general opinion of naturalist!'., 
tllRt beings low in tho seale of nature lire moro vnriable 
than those which are higher. I presume that IOWDe88 
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in this ~tlse mCtlIlS that the several parts of tho orgnni_ 
IIIIUOIi htwo been but little spe<:ialiscd for porticular 
fUllf'tiong j and as long as tbo same part bas to perform 
dirersified work,.we con perhllps 8('(l why it should re
main variuble, that is. why nntuml selection should have 
prcl!erved or rejected each littlo deviation of form less 
('areflilly thall wl1('n the part has to servo for one special 
purpose alollo. In tho IIIlmo way that a knife which 
bill! to cut 011 80m of things may be of almost any 
8blll~; whilst a tool for 80me Jlnrticullir ohject had 
bdt('r be of 8Omo particular I!hape. Natural 8('lection, 
it ~hould nc"cr be forgotten, CAll act 011 each part of 
tarh IK'ing, solely through and for iu adnmtnge. 

lhulimentnry parts, it has been stated by lIOme 8uthol'll, 
Ind I 1l('li('vo witb truth, are apt to bo highly ,'anable. 
W(l shall h",'o to recur to tho gClIcmi sutlj('Ct of rudi
m(,1l1nry nnd aborted organs; and I will her(' only add 
Ibnt their varinbility seems to be owing to th('ir 11selcgs.. 
Dt...s, and therefore to natural selection ha"ing no power 
to ('Il('('k dm'jalions in their stnlCtllre. Thus rudiment
ary ptlrU are left to tho free pIny of thl' \'Sri01l8 laws 
of growth, to tile cffC('t~ of long-continued disuse, and to 
&he tt·ndellcy to reversion. 

.do Part dertlopM I'n an!! Spteiu in an extraordinary tkgrte 
Dr manner, 1n compariMm with the tanu Part 1n allied 
8ptdu, tnrlU to be MaM!! t'(lrw.bk, 
Sr\wal years ago I was much IItn.l('k with IL remark, 

nHl.rly to the above effect., published by !lfr, Waterhouse. 
I inf"r al~, from all oblJen'otion mado by l)rofC8l!Or Owen, 
-.ith n·~I)('('t to the length of the armll of the ollrallg
oatang', that hI' has rome to a nesrly flimilar I"ODclusion, 
II iR iU1J>"IN18 to attempt to ron"illce ally 01leOr the tnlth 
fAthill pro~ition without giving the long array of fll("tll 
.hkb I lrnve colleded, and whif'h mnnot ro"~ilJly he 
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1wrc introduced. I can only state my conviction that it 
is a rule of high generality. I am aware of several causes 
of error, but 1 hope that 1 havo made due allowance for 
them. It should be understood tlmt the rule by no 
means applioe to auy part, howoYer unusilally developed, 
unless it be unusually developed in comptnison with 
tho snme part in closely allied 8pL-c.ies. 'fhus, the but's 
wing is a most abnormal structure ill tIle cltlss mam
malia; but the rule would not here apply, because there 
is a whole group of buts having wings: it would apply 
only if some one species of bat had its wings don~loped 
in some remarkable manner in comparison with tho 
other species of the same genus. 'l'bo rulo applies very 
strongly in the case of secondal)' sexual characters, when 
displayed in any unusual manner. 'l'he term, secoudary 
sexual eharocters, used by Hunkr, applies to cllaracters 
wllich are attached to one sex, bnt are not directly 
collnected with tbe act of reproduction. 'fhe rule ap· 
plics to males and ft:males; but as females more rarely 
offer remarkable secondary sexual characters, it applic8 
moro mrely to them. 'l'lle rule being so plainly appli. 
cable ill tile case of se(.'ondnry sexual characters, may be 
due to the grent variability of theso characters, whflther 
or l10t displayed in any unusual mauner-af which fact 
1 think there can be little doubt. But that our rule is 
not confined to secondary sexual characters is clearly 
shown in tile case of hermaphrodite cirri pedes ; and 
1 may here add, tbat I particularly attended to Mr. 
Waterhouse's remark, whilst iu\'estigtlting this Ordt'r, 
and I am funy cOll\·iuced that the rule almost inyari· 
ably holds good with cirri pedes. 1 shall, ill my future 
work, give a list of the more remarkable cases; 1 will 
lwre only briefly give one, lUI it illustrates the rule in 
ils largest npplicntioll. The opercular VOhC8 of scs.-;ile 
cinipedes (rock Oal'llaclcs) are, itl e,'ery sense of the 
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..... ord, "ery imfKlrtant structures, and they differ el:
trerucly little ew.!n in different gcnem; bnt in the 
eel'ernl sl)C('ics of one genus, Pyrgom8, these valves 
pl'f'SCnt 8 I118rVeIlOWl amollnt of diversification; the 
homologous valves in the different species being some
timN! wholly unlike ill shape; and tho amount of varia
tion in lho individu"ts of several of tho species is 80 
grent. that it is noexnggerMion to stalo thut tho varieties 
dift'(·r more from each other in the charActers of these 
important \'8In'8 than do other specics of distinct genem. 

As binls within the same COlllltry YIlry in a remark
ablY!lmall df'gree, I h8,'e particularly attended to them, 
and the rnle seem.!! to me certainly to llOld good in 
thi~ class. r cannot make out that it applies to plants, 
aud thia woul<l IlCriollsly have sllAk('n my belief in its 
tnllh, Imd not the groat variability ill phillis mnde it 
particnlnrly dinicult to comparo tlICir rdntive degroes 
ofl'al"inbiJity. 

When we see any paft or orgall del'eloped in II 

remarknble d('groo Of manner in nlly !lpeeics, the fuir 
pwumption is that it is of high importance to thnt 
l(lI"Cif1l; nevertlu:-I&IiI the part in this case is emin(·ntly 
liaLl£' to varilltiou. Why should this be 80? On the 
riew that each species hIlS been independently crmted, 
with 1111 its ptt.r1s liS wo now soo them, 1 cnll see no 
nplflnntioll. Hilt on the view thllt groupe of species 
ha\'o J ('f\('cnJrd from other species, lind hllve been mo
dified tlll'(l\lgh natural selection, 1 think we can obtain 
IOmo light In our domestic animals, if any part, or 
the whole animal, be neglooted and no selection be lip
pJit-cl, thai part (for instance, the comb in the Dorking 
Cowl) or the whole breed will cease to ha\'e a. nearly 
unifonn chaf1L('t£'r. The brero will then be snitl to 
bate degencnlwd, In rudimentary OrgtJll8, and in those 
.hidl hal'£' 1x'C1l but litUe specialised for any particular 

© The Comol te Work of Chllrle ~ II lin 



180 UYUISUALLY DEVELOPED PARTS (:'11.1,1'. \', 

purpose, and perhaps in polymorphic groUp8, we see" 
nearly rmrallel natural case; for in 8uch cases natural 
seloction either has not or cannot como iuto full play, 
and tbus the organisntion is left in a fluctuating con· 
ditiou. But what here more cspecially concerns us is, 
toot iu our domestic animals those poinlil, which at tho 
pl'Cscnt time are undergoing I'apid chnnge by continued 
selection, are also eminently liable to mriation. I.JOOk 
at the breeds of tho pigeon j see what a prodigious 
amount of difference there is in tho beak of tile dif
ferent tumblers, in the beak and wattle of the different 
carriers, in tho carriage and tail of our fantails, &c., 
these being tho poinlil now mainly altended to by 
Englii'h fllnciers. E,'en in the sub-breeds, as in the 
short-filCed tumblers, it is notoriously difficult to breed 
them nearly to perfection, I\lId frequently indi,'iduals 
IU'e born which depart widely from the standard. There 
may be truly said to be a COl)stant struggle going 011 

between, on the ono bund, tho tcndeney to reversion to 
a less modified state, as weU as an inuate tendency to 
further variabiHty of all ki.nds, and, on the other hand, 
tlle power of steady selection to keep the breod true, 
In the long run selectioll gains the day, and wc do 
not expect to fail BO far ns to breed a bird as coarso 
ns a common tumbler from a good short-faced dtrain. 
But as long as selortion is rapidly b"Oing 011, tbero 
may always be expected to be much yariability ill the 
structnre undergoing modification, It further dcsen-e. 
notice that theBO variable cito.rnetcrs, produced by man', 
selectioll , sometilllce become attnched, frolll cnuSC8 
quite unknowli to us, more to one sex than to the other, 
generally to tho malo BeX, as with tho wattlo of carrien 
and the enlarged crop of ponters. 

Now Ict us turn to nature. \\"'11011 a part hns been 
Ilovelopod in an extmordinary manner in any ODe 
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'pecies, compo.red with Ule other IJI)CCics of the same 
genus, we may conclude that this part hM undergone 
III utrllordillnry all10UIlt of modification since the 
period when the species branched off from the common 
progenitor of the genus. This period Ilill seldom bo 
relllote in any extreme degree, fl8 species very rarely 
ewlure for more thall one geological period. An extra
ordillary amount of modification implies an unusually 
large and IOllg-continued alllount of variability, which 
has continually been accumulated by natural selection 
ror tile Ix>uefit of the species. But WI the \'nritlbility of 
the eXlrnordinarily d<weloped part or orgnn hM been 
110 great and long-continued within a period lIot exccs
IJifely remot<', we might, as II. general rule, upect still 
to find more mrio.bility in such parts than ill other parts 
of the organisation which have remained for 0. much 
IOllgcr !)CI'iod nearly constant. And this, 1 am con
"jll('ed, is the case. That the strll~gle bctwQ(ln nalnntl 
IIfle.:tiotl on the one hand, and the tendency to rever-
8ioll 11.1)(\ mriability on the other hand, \I ill in Ihe course 
of tillle ccase j alld that the m~t abnormally del'eloped 
organs lIlay be made coll8tn.nt, I can see 110 rca80n to 
doubt. Hence, when an organ, however abnonnlll it 
may be, bna been transmitted ill approximately the 
.me CQndition to many modified deseendnni8, 118 in the 
case of the wing of tho oot, it IllUJ:lt havo existed, ac
cording to my theory, for an immense period in nenrly 
the same state j IIml thus it comes to be 110 moro I'arj· 
ablo than auy other structure. It is only ill those cases 
iD which tho modification has been coml)(lratireiy rccent 
IlDd extraordinarily great tllil.t 1'00 ought to find the 
gmcatil'd t'ariabjJit!J, as it may be called, still present 
m a high degn.'e. For ill this co..';\) the variability will 
adom as yet b"yo been fixed by the continued selee
tiun of the illdil·jtluuls \'arying ill the required manner 
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aud degree, and by the continued rejection of those tend
ing to rovert to,o. former alld less-modified conditiou. 

Specific Characters more Variable tlJall Generic 
Character8. 

The principle included in these remarka may be 
extendt}{]. It is notoriOIlS that specific characters are 
moro variable than generic. To explain by a simple 
example wh[lt is meant. If some species in a large 
genus of plrUita lwi blue flowers aud some had red, the 
colour would be only a specific character, and no one 
would be surprised at olle of the blue spc6es varying 
into red, 01" conversely; but if all tho species had blue 
flowers, the colollr would Oecome a generic character, 
nnd its yflriation would Le a more unusual circumstance. 
J have chosen this example because all explanation is 
not in this case npplicablc, which most naturalists would 
advance, namely, that specific characters are more vari
able tlmn generic, because they are taken from pflfts of 
less physiological importance than those commollly used 
for rlassing gcnem. I believe tbis cxphmation i9 partly, 
yet only indirectly, true j I shall, however, Ila,·e to 
return to this subject in the chapter all Clussifi('ation. 
It would be almost !iUperflnollll to adduce e,·idence in 
support of the above statement, t hat specific characters 
are more variable than generic j but I have repeatedly 
noticed in WOl'kg on natuml history, th9.t when an author 
Jilts remnrked with surprise that somA important orgnn 
or part, which is generally very constant throughout 
large groups of ~l'ecies, hUll differed eonsiderably ill 
closely-allied species, ·t1lat it has, also, been variable in 
the individuals of some of the species. And this fact 
shows tbat a character, which is gencrally of generic 
vahw, when it sinks in value and be('omcs only of 
specific vnluc, often becomelJ variable, though its phy-
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siological importrUlC6 may remain the SCLme.. Some
thing of tho same kind applies to monstrosities: at 
least Is. Geoffroy St. Hilaire sooms to entertain no 
doubt, that tho Illore an organ normally differs in the 
different species of the SCLme group, tho IllOre subject it 
is to individual anomnlies. 

il\(~;e~~:n~::il~'~~~t~:Ww~~ es~~~~lje~;:t h~~'l~~lgofb~~: 
structure, which differs from the same part in other 
iudependently-crented species of the sallie genus, be 
1lI0re \'Ilriable tban those ports which nre closely alike 
in the several species? I do not 800 that any explana
tion CtlU be gi\'cn. But on the view of species being 
only strongly marked and fixed \'nrietics, we might 
surely expect to find them still often continuing to vary 
in tllo$O pal'ts of their structure which hflve mried 
within 1\ moderately recent pedod, and which have 
tlms como to differ. 01' to staLe tho ClLSe in Rnother 
manner :-the points in whicll nil the species of 11 genus 
resemble each other, al)d in which thuy differ f!'Oill the 
species of some other gemLS, nrc called generic cha
mcters; nnd these characters in common I attribute to 
inheritance from 0. common progenitor, for it can mrely 
have happenod that nntural selection will 11l1\·e modified 
sc\'erol species, fitted to more or less widely-different 
haLits, in exactly the sa.me mflnner: Qnd flS these so
called generic chamcters have been inherited from a 
remoto period, since that period when the species first 
lm\nchcd on' fr01l1 their common progenitor, Qnd subse
quently havo not vuried or come to diner iu filly degree, 
or only in a slight degree, it is not IJrobflule tbnt they 
should mry nt tbe presellt day. On the other haud, 
the points in which species differ from other species of 
the Bl'Ime genus, are called specific chnmcters; and as 
these specific characters hlwe varied and come to differ 
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within 1110 period of the brnnching off of t11G specie8 
from a common progenitor, it is proooble that tllCy 
should still often be in /IOmo degree ,'nrinble,-nt lenst 
mOl'(! yariable th81l thOlJ6 parts of the organisation wbieh 
have for n very long period remnine.1 constant. 

Seeundllry &xual Character, Variable. 

In eonllcxion with the prcsentsllbject, T will make only 
two other remarks. I think it will be admitted, without 
my entering 011 detaib, tbat secondary 8(>xunl ('linmctcl"8 
are vcry "nrinble; I tllink it also will be admitted that 
"fX'cies of the snme group differ from l'nch other more 
widely in their secondary sexual clllHBctCrs, than ill 
other parts of their organisation j compare, for instance, 
the amount of difference between the males of galli. 
11I1CeolliJ birds, in which s('('()udllr\' sexunl chnmetcrs are 

strongly di,;plnyed. with tllO Ul~ount of difference be· 
tween their females; find tho tmth of this propo~ition 
will be granted. 'fho C/lUSO of tho original mriability 
of 86Condary scxual charnetcn is not manifest; but we 
can l'f'e why these chnmdenl !>hould not have been 
rendered lUi constant and uniform as other pmt;j of tho 
organisation; for secondary sexual chantcters have been 
accumulated by sexual sclcdion, wllich is less rigid in 
its Ilction tllan ordinary sclection, as it d(l(!s not cutail 
dcnth, but only gives fcw~r offspring to the lCAA fa'·oured 
males. Whatever tllO ('81J.Se lIlay be of tho ,·ariability 
of SQCOndary sexual characters, as thf')' arc highly yati· 
able, eexual sclcction will luwc had a wide scope for 
action, and may thus readily have !;urceet\{'t\ in giving' 
to the species of tho same group II. greater amount of 
dilTerencc in their scxual characters, than ill other pnrts 
of their structure. 

It is a remarkable ftv't, that the secondary SCXlla] 

dilTerences between the two scxes of ibo sarno sf}f'Cie8 
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are gcnenlll y displayed in tile very same parts of the 
organisation ill which the difiercnt spceics of the same 
genm differ from each other. Of this fnet 1 will ghoe 
in illustration two instances, the first whieh happen to 
IJt&nd on my list; and as tho differences ill these cases 
are of Il. very ullu~lInl nature, tIle relntion can hardly be 
accidcntal. The sarno number of joints in the tarsi is 
a chnnlctcr gcncmlly common to l'cry Illrge grours of 
bectlCI:I, but in the Engidre, as West"ood has remarked, 
the number \'Dries greatly; and the nlllnUer likewise 
difl'cn in the two sexes of the same species: again in 
fOSl:lOnll1 hymcnoptera, the mallller of ncumtion of the 
lI'illgll is a chamctcr of the highe:;t iml"urtau(.'C, because 
<."011\1II0n to large groupe; but ill ocrtnin genem the 
IIcurlltion differs in the different epeciCfO, and likewise in 
the two sexes of tbo BUrne epeciCI:I. Sir J. Lubbock has 
I'tl(:Olltiy n.:markcd. that scvcmlminuto crustaCt'allS offtr 
excdlcnt illwtmtiolls of this law. ,. In 1'0Ilt~lla, for 
instance, tho sexual churncte1'8 are afforo<.'<1 waillly by 
the antcriDr antcllnre and by the fifth pair of legs: the 
'l«ific diffefCnces also are principally giren by these 
organs ... This relation has a clear meaning on my view 
of the bubject: 1 look at aU the specica of the same 
genus as IUl\'ing as certainly de,;cend(..J. from the same 
progcnitor, a;J ha\-e the two se:lCll of (lny one or the 
lIJICCiCd. ConJSCquently, ....-Ilatever pa.rt of the structure 
of the COlllmOn progeuitor, or of its early desccndants, 
OOcame mriable; mriatious of tllis part would, it is 
highly probable, be taken oomntago of by Datural and 
Itlxuul sclection, ill order to fit the sol'eml speeies to 
&heir liC\'eml l,ia.ces in the economy of nature, aud like
wile to fit tl\e t....-o 8eXC8 of the same sl>e<:ies to each 
other, or to fit the males aud females to different habits 
ollift', or the wales to strnggle with other males for tbe 
p»:ICStiiou of the ft!wlll{'8. 

.if) Th~ Comolete Work of Charle:o DarWin Online 



186 D.ISTISCT SPECIES rRESE:lI'T 

Finully, then, I concludo that the greater vario.bility 
of specific charo.ctcl'!l, or th086 which distinguish species 
from species, tlmu of generic clilll'ftCtel'!l, or th086 wllich 
the species poseess in common ;-that the frequent ex
treme "ariabilhy of auy part which is developed in a 
species in EUl extraordinary mallner ill cOlllputiSOIl with 
the same part ill its congcncrs; and the slight dcgree 
of n1.riability in II. pilrt, however extroordiufU"ily it may 
be developed, if it be common to a whole group of spa
cics;-that the great "ariability of secondary sexual 
characters. and th~ great alllount of difference in the8\.' 
same chnractcrs betwccn closely allied sl>Ceics;-that 
secondary sexual and ordinary specific diiferellc(!$ are 
generally displnyed in the same parts of lbe organU;a. 
tion,-are aU priucipk'8 closely conllected together. 
AU being mainly due to the species or the same group 
having descended from 0. common progcnitor, from 
whom they have inherited IIlllch in eOllllllon,-to parUi 
Wllich have recently and largely varkd being more 
likely still to go on varying than parts which have long 
Leen inheritC!d lUld hal'e not varied,-to uatural selec
tion having more or less completely, aocording to the 
lapse of time, OWlrmastered the tendency to J'(l\'crsion 
and. to furthcr variauility,-to sexual selection being 
1(!S8, rigid than ordinary seleetion,-and to variatiolll:l 
in the sa.me parts hs\'ing been 8Cllumulated uy natural 
and sexual selection, and IlfWing been thus adapted for 
SCllt.ludary i:lCXual, and for ordinary specific purposes. 

1Jistinct Specie, present al1alog<;us Variatum,; and Q 

Variet.!! of one Specie, often auume, 8Omt' of 1M 
Olwract.ers of an allied Speciu, or rel.'tTu to lOme of 
tile C!l!aracte-r, of an early Progenaor. 
'fhese propositions will be most readily undcl'!ltood 

by looking to our domestic races. 'fhe most distinct 
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brcedi! of pigeons, in countries most widely apart, pre
sent sub-varieties with reversed feuthen on the 11ead 
und feathers on the feet,---characters not possessed by 
the aooriginal rock-pigeon; these then are analogous 
"ariations in two or more distinct races. The frequent 
presence of fourteeu or even sixteen tail-feathers in the 
ponter may be considered as a variation representiug 
the normal structure of another race, thu f!l.ntail. 1 pre
sume that no one will doubt that all such analogolls va
riatious are due to tbe several races of tllC pigeon l'laving 
inherited from a COUlmon parent the same constitution 
aud tendency to val1ation, whcn acted on by similar 
nnkllown inliuellces. In the vegetable kingdom 11'0 ha\'6 
II case of analogous variatiou, in the enlm'ged stema, 01' 

roots as commonly called, of the Swedish turnip and 
Huta huga-, plant:! which se"eral ootallists rank as va
rieties produced by culti...-ation from a common pnrent: 
if' this bo not so, the, Cilse will theu be one of analogous 
variation in two so-called distinct species; and to these 
a third may be added, namely. the common tnrnip. 
According to the ordinary view of each species having 
h!!en independently created, we should have to attribute 
this similarity in the enlarged stems of these three 
plants, not to the vera causa of community of descent, 
and a consequellt tendency to vary iu 0. like manner, 
but to thn.'(l separate yet closely related nets of creation. 
)lany simillll' cases of finalogous Yariution ha\'o been 
obsem~(l by Naudin in the great gourd-family, and by 
various tluthors iu onr cerenls. Similar cases occurring 
with insects under their natural conditions have lately 
Leen discussed with much aLility by Mr, Walsh, who 
has grouped them undm' his It\W ofEqllable Variauility. 

With pigeons, however, wo llave another case, namely, 
tIle occasional appearance in aU the breeds, of &laly
blue birds with two black baT'S on tho wings, a white 

© The Complete Work of Charles Derwin Online 



ISS DISTINCT SI'EClES I'n~£~"T 

ctoUp, " oor at the cud of the loil, \\ ith the ouler 
feather!! extcrnnlly edged IIcar tlH~·ir i>1UIC1 with whitt', 
ru all these tnRrka are characteri~ti(' of the parent 
rook-pigeon, I prc"ume that 110 one \l'iU doubt that tbia 
iii a ctI.88 of ren'n!i"ll, and not of a n.'w yet analogoUl 
'-ariation apJ""aring ill the 8CH·ral LI't-"t-tlA. We may. 
I think, ooufid,·ntly como to this (,Oll"itlllioll, bemuse, 8.1 

we 114\'e I!('('U, til('!l(' C'fll"ured mark.i Ur\.' ('min"lItIy liable 
to .!lPN,,. in the ('1"( .... ..;(\(1 offdpring of two d6tind aud 
djlTt·rcntly oolonr('(1 hr'C('tis; and ill thili ('a-«' there is 
nothing in the external couditions of life to CRUse the 
roapp·amncc of the Ilaly·blue. with the 1C\'crnl mark", 
ooyoud tbe influ,·noe of the mere act of {'n:lt!o»in,; on the 
13\\'8 of inheritanCt'. 

Xo doubt it is • "cry rnrrrking '.('t thnt ('harad('~ 
should reappear after having been iOo:<t for IIl1my, perbape 
for hundreds of gell('mlions. But wht·n a bll.'e<l hill! W·n 
cl'08!OCd only ollce by some other br('('<I, the olT~pring 
()O('IUJionlt11y show a tendency to "-,\'crt in cbaroctcr to 
the foreign breed (or mllny ge-ncrntion:'l-eome lID.y, (or 
it. doJ.:u or eHm • IIC'Ore of gem·ratioos. After twelfe 
;;cu.'ration~ tbe proporti(lll of blood, to ~ a ~'mmon 
I'XPre8l:liOll, of any one aO~8tor, is ouly 1 iu 2048; and 
yet, o.s we ace, it, iii generally bclien!<) that, 0. tcndcnt"1 
to rc\'cr~on is retained by tllis "ery IIllUllllmpQrtioll or 
foreigu blood. In It brel'd which has Dot been cl"'Ol:l8f'd. 
!Jut in which l.«! 1J6rt'lIta have Io..t 80me cMracler 
which their progcnitorJX-.'fi8l'tl, the tend(,D(,Y. whether 
IItrong or wMk, io tellrodm.'e the 11",1. character might 
loc. 1\8 was formerly remarked, for 0.11 tlUlt WI} call aee 
to the t'()utr&ry. t.:aIlJ:lmittcd for almOlit allY Dumber 01 
gencnltiolls, Whell II. character v.hich hflil lx.'C1l lost i. 
a breed, rcappeaMi a~r It great number o( geueratiODlj, 
tbe !DOet proLabie hllXlth('&is is, not that the o~l'ring 
.. uddenly lakes afi.cr un allce,;tor iIOme huuJf\:d gene-
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ratious distant, but that in each successive gcnerntion 
thcl'e has becn a tendency to reproduce the character 
in qucstion, which at last, under unknown favournble 
conditions, gains an ascendency, For instnllce, it is 
IJrobnble that in each generation of the barb-pigeon, 
which produces most rarely a blue and black-barred 
bird, tllcre has been a tendency in each generation in 
the plulllage to assume this eolonr, 1'his view is hypo
thetiral, but could be supported by some farts; and 
I can see no more ah,,-1:ract improbability in a tendency 
to produce any clmrncter being inherited for an endless 
number of gellcrntions, than ill quite useless or Mldi
mentary orgaus being, as we nll know them to be, thus 
inhcrited, Indeed, we may sometimes obser\'o t1.w.t a 
mero tendency to produce 0. rudiment is inherited. 

;\sall trle species of the sumo gonus nrO supposed, on 
my theory, to have descended from a common pro:: 
genitor, it might be expected tlmt they would occa
sionally vary in all analogous manner; so thnt the 
nrieties of two or more species would resemble each 
other, or that a "ariety of ono species would resemble 
in somo of its characters another and distinct species,
this othor species being on my view only a. well-marked 
and permanent mriety. But characters thus gnined 
1I'0uld probably be of an nnimportant naturo, for tIle 
presence of nil important characters will be go.erned 
by llatllrnl selection, in accordance with the diverse 
habits of lhe spocies, and will not be loft to the mutual 
attion of the conditions of life and of a similar in
bl!ritCll cOllr.litulion. It might furillor be expected 
t1l1lt tho species of the same genus wonld occasionally 
exhibit revcrsions to lost anccstral charaders. As, 
hO\n~\'cr, we ne\'er know the exact character of the 
oommon allecstor of a group, we conld not distinguish 
ilic:IC two cases; if. for instance, W6 did not know tlmt 
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the rock-pigeon wus not feather-footed or turn-crowned, 
we could uot have told, whether these characters in our 
domestic breeds were reversions or only analogoufl ,'ari
atiolls; but we might have inferred that the blueness 
was a case of M\'ersion from the numoor of the mark
ings, which aM correlated with the blue tint, and whirh 
it docs -not appear probable would all appear togcther 
from simple varintion, More especially we might have 
inferred this, from the blue colour, and marks so often 
appeMing when distinct breeds of diverse colours are 
eJ"OSSC(I. Hence, though under nature it must gene
rally be left doubtful, what cases are M\'ersiolls to a 
formerly existing ebaracter, and what are new but ana
logous variations, yet we ought, on my theory, some
times to find the varying offspring of a species assuming 
chamcters (either from reversion or from analogous 
variation) which already occur in some other members 
of tho same group. And this undoubWdly is the ease 
ill nature. 

A considerable part of the difficulty in recognising iu 
OUt systematic works a variable species, is due to its 
varieties mocking, as it were, some of the other sperie>l 
of the same genus. A considerable catalogue, nlso, 
could be given of forms intermediate between two other 
(orms, which themselves must be doubtfully ranked flS 

either varieties or species; and this shows, uulc,;s all 
thc~e forms be considered as independently created 
spec.ic~, that the one in varying has assumed somA of 
the charnclers of tho other, so as to produce the inter
mediate form. But the best evidence is afforded by 
parts or organs of an important and uniform nature 
occasionally varying 80 as to acquire, in somo degree, 
tile character of the samo part or organ in an allietl 
species. I havo CQllected 0. long li~t of such ca.'>CS j 

but here, as before, I lie under fl. groat disadvantage in 
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Dot being able to give them. I can only N'peat that 
IIK"h casee certainly do occur, and seem to me very 
remarkable. 

I will, however, give one curious and complex enso, 
not indeed 6S affect ing any im porb~llt character, but 
from occurring in several species of the same genus, 
partly under domestication and partly under nature. 
It is a case almost certAinly of reversion. The ass 
lIOhletinlC's hM "cry di,,;.inct transverse bars on its lcgs, 
like those on tho Icgt'l of the zebra: it liM been aseerted 
that th666 are plainest in the foal, and, from inquiries 
which I hal'e made, I believe this to be tme. The 
llripe on the sl10111der is sometimes double and is very 
Mable in length mId outline. A white MS, but ru;t 

III albino, has been described without citller spinal or 
Ihouldcr stripe: and these stripes arc sometimcs very 
obecure, or actually quite loet, in dark-coloured MSeB •. 

The kOlllnn of l)nllas is said to have been seen with a 
double sholllder-8tripe. Tho hemionU8 has 110 s110ulder
Itripe; hut traC('8 of it, as stilted by Mr. Blyth and 
otht'rs. Qe('a.~iollally appear; and J ha\'e Uccu informed 
~ Colollell'oolo tllat ihe foo~ of this species are gene
rally stril~l on the legs, and faintly on the BhouIder. 
The quagga, though 110 plaiuly barrt.·d like a zebra over 
dlo bedy, is without bars on the leg1l j but ])r. Gray 
baa 6gnrL'd one specimen with very (li.itillct. zebra-like 
batson the llOCks. 

With rc~pc('t to the horse, J llnve collected cases in 
Eugland of tho spinal stripe in horses of the moet dis
linM. brccdll, Clud of all colours j trflllSVCrse bars on 
the Ipgs are not raro in duns, mouso-<llIns, ond in one 
"'11('6 in a ehestllut; a faint ~hould{'r-stril)O may 
anetime1l be IK'C1l in duns, ond I lun-I:! 1JI..'C1l a trace in 
• bay horse. )[y son made a rnreful examination and 
Ikett·b for me of Il dun Belgian cart-horse \\ith a double 
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stripe on each should(lr and with leg-stripes j 1 ha\"{' 
myself seen 0. dun Devonshire pony, and a SllmB dUll 

Welch pony has been carefully described to me, botll 
with thru parallel strillC8 ou each shoulder, 

In the north-we:.t part of Imlia the Knttywar brt'Cd 
of hOr8(!ll is 80 generally stril.e<i, thnt, R8 I hear from 
Colonel Poole, who examined the b~ for the Iudian 
GO\'ernment, a horse without stripes is not considered 
8S purely-bred. '1'110 ~l'ino is a\wa)'s striped j the legs 
are generally barred j aud the shoulder-stripe, which is 
sometimes double aud sometimes treble, is common; 
the side of tho face, morCO\'er, is solnetimCil striprd. 
The stripes are often plainest in the fool; oud 8Om{'

timet quite disappoor in old hot"&.'S. Colonell'oole hn 
seen both gray and ooy Kottywar bof1!C8 stril,oo when 
first fooled. I ho\'e ai.-!() renson to s\l~pect, from inform
ation given mo by Mr. W. W. Edwards, that with tho 
English ra.co--horse the 8pi no.! stripe is much commoner 
iu tho fool than in tho full-,;.'l"QWU a nimal. I ha\'e 
myScIf recently bred a foal from a bey mare (off~pring 
of a Tureomau horso Bnd a Flemish mare) by a bay 
Engli~h mce-horse; this foel when a wC('k old WR8 

mnrked on its hinder quarters and on its forehead with 
Ilumerous, \'ery narrow, dark I'.cbra-liko bars, and its 
legs were feebly etrilX!d: all the ~tripes 800n disap
peafl!'J completely. Without iwrc entering on furthE'f 
details, I may stato that I ha\'e collected cn.~ of leg 
aud shoulder stri)){'8 in horse>! of very dilTercnt breedll, 
in variolti countries (rom Hritain to ]-:astcrn China; 
and from Sorway ill tho north to the Ualay Art'hipeJago 
in tho south. In all parls of the world these strillf'8 
occur fur oftenest in duns and mou~·dun8; by the t,'rIU 
dun a large mngc of .... olour is iutiudt.J, rrom one between 
brown and black to a d,,~,' approo("it to ("n!flIll--colour. 

I am aware that ('-olonel Hamilton Smith, who hWl 
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written on tills subject, believes that the sc\"cral breeds 
of lhe horse are descended from sevcral aboriginal 
species-Qn6 of which, the dun, was striped; and tllat 
the above-described appearances are all due to ancicnt 
crosscs with the dUll stock. But I am not at all sutis· 
ned with this view, Ilnd should be loth to apply it 
to breeds so distinct as the heavy Belgian c3.rt-horse, 
Wcleh ponies, cobs, the lanky Knttywar race, &e., inlia· 
biting the most distant parts of tho world. 

Xow let us turn to the effects of crossing tIle several 
species of the horse-genus. Rollin asserts, that the 
common mulo from the ass and horse is particularly apt 
to have oors on ita legs; according to Mr. Gosse, in 
certain parts of tho Unit.ed States about. Iiine out of ten 
mul('8 have striped legs. I once saw a mille with its 
legs so mnch striped that any oue would at first haTe 
thought tlmt it must have been tllO product of a zebra; 
ILnd 1\fr. 'V. C. Martin, in his excellent tl'catiso on ihe 
horse, has given !I. figure of n similar mule. In four 
coloured drawings, which I have seen, of hybrids be-. 
tween tIle ass and zebra, the lagH wore much more 
plainly burred than the rest of the body; and in one 
uf them there WIUI a douhle shoulder..atripe. In Lord 
J[orton's farnous hybrid from a chestnut mure and male 
quagga., tho hybrid, and even tho pure olTdpring subse
queutIy produced from the mare by tl black Ambian 
sire, were much more plainly barred across the legs 
thun iB even tho pure quagga. Lastly, and this is an
other most remarkable case, a hybrid haS been figured 
by Dr. Grny (aud he informs me that he knows of a 
second case) from the !ISS and the hOlillOIlUS; and this 
hybrid, though the ass only occasiouaUy has stripes on 
hill legs and the hemioous has none and has Dot o,'en n 
8!aou1der..atripe, uc\'ertheless bad all four legs barred, 
and had throe short shou1der-stripcs, like those on the 

K 
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dun De~-onshire and Welch ponies, and even had some 
zobra-like stripes OIl the sides of its faco_ With respect 
to this last fact, I WM so convinced that not cyen a 
stripe of colour appeul's from whut is commonJy called 
chance, that I was led solely from the occmTence of the 
face-stripes on this hybrid from the ass and hemionuil 
to Mk Colonel Poole whether such face-stripes ever 
occurred in the eminently striped Kattywal' breed of 
horses, and wa.s, as we have seen, answered in the 
u.ffil"mati,-e. 

"'hut now are we to say to theso several facts? 'Va 
see se,'eral very 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 tllc 
horse we see this tendency strong whenever a dun tint 
Il.ppears~a tint which approaches to that of the general 
colouring of the other species of the gentls, The 
a\lpearance of the stripes is not accolUpallied by allY 
change of form or by any other Hew charn.cter. ,Ve see 
tltis tendency to become striped most strongly displayed 
ill hybrids from between severnl of the most distinct 
species. Now observe tl)e case of the several breeds of 
lligeons: they are descended from a pigeon (including 
two or three sub-species or geographical races) of a 
bluish colour, with ccrtain bars and other marks; and 
when any breed MSumes by simple variation a bluish 
tint, these bars and other marks invariably reappear; 
but without ally other change of form or character. 
\Vuen the oldest and truest breeds of various colours 
are crossed, we see a strong tendency for the bIlte tint 
and bars and marks to reappear in tho mongrels. I 
have stated that the most probable hypothesis to ac' 
count for the reappearance of very allcient characters, is 
-that thero is a ttmdencJI in tbe young of oach succes
sive gcnerntioll to produce the long-lost chamcter, and 
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tbat this tendency, from nnknown causes, sometimes 
prevails. And we ha,'e just seen tbat in several species 
of the horse-genus the stripes are either plainer or ap
penr moro cOllllllonly in the yonng than in the old. 
Cnl! the breeds of pigeons, I:KJmo of which have bred 
true fol' centul"ies, species; and how oxaetly parallel is 
the case with that of the species of the horse-genu~! 
For myself, 1 I'enture coo:fidentlyto look haek thousands 
on thouSflnds of generations, and I seo all animal striped 
like a zebra, but perhaps otherwise very differently 
constructed, tIle common parent of our domestic horse 
(whether or not it be descended from one or more wild 
stocks) of tho ass, the hemionus, quagga, and zebra. 

He who believes that each equine species was inde
pendently created, will, I presume, assert that each 
species has been created with a tendency to vary, both 
onder nature aud under domestication, iu this llnrticular 
manner, 80 l\.S often to become striped like other species 
of the genus; and that each 11lU> boon created with a 
strong tendency, when crossed with species inllnhiting 
distant quarters of the "l"rorId, to produce hybrids resem
bling in their stripes, not their own parents, but other 
species of the genus. To admit this view is, Il8 it seems 
to me, to reject a rcal for an unreal, or at least for aD 
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, that fossil 
shells had never lived, but had been created in stone so 
88 to mock t]le shells now living on the sea.shore, 

Summan). 
Our ignorance of the laws of variation . is profound. V 

Not in one case ont of a hundred can we pretend to 
assign any reBson why this or that part differs, more or 
J~ from the same part in the parents. But "l"rhene,er 

K 2 
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we hBve the means of instituting a oomporiMlD, the 
"''1.1110 Illw!J appoor to lun'e RCtro in producing the le&!Cr 
dilTercuC('8 betwern varieties of the Mme apecies, aud 
tho greater dilTerenccs betwocu Illwie!J of tho same 
genus. The external conditions of life. as climate and 
food, ,\;c., 8(lCm to have indured 80me alight modifica· 
tion!. Habit in producing CQllatitutional dilTcrences, 
and ll.'!f! in atrengthening and digUS(l ill wookcning Bnd 
'liminil1hing Ofl:'tlns, se.'m to ha\'e been more potent in 
their etft .. ·t& HomologoU!l po.rt8 tend to "ary in the 
Inmo way. 8ml homologoU<:I porta tend to cohere. ~(odi
firatinll! in hard perla and in external parts sometimes 
atr('('t BOner Bud internal parts. "'hou ono part iB 
largely do\'eloJX"fI, perhaps it tOlldt to draw IlOUri,;hmellt 
from the adjoining pam; and e\"ory part of the slrue
lure which can be 88"00 without detriment to the indi
vidual, will be saved. Challges of stnleture at an oorly 
age will often affect parts subsequently de\'eloped; aud 
t1\<'re are "cry many other correlatiolls of growth. the 
Ilature of which we are utterly unable to uod"·rs1and. 
Multiple parts are variable in !lumber and in atructure, 
l)('rha)1'l arising from snch ports not having been closely 
lI) .. '('iali ..... d to any pnrtieular function, 80 that tbeir 
modifit'alioDI ba\"{" not been clOllely che<.'ked by natural 
I;CIfl('tion. It il llrobably from this some OOll8O that 
organic beingll low in the 8C'tlle of nature are more 
variable lban tilOf«' which hn,'e their whole organisation 
more !lpeeio.lised, and are highcr in the scale. nudi· 
montary organs, from being uflCletl8. will be di~regnrdt.>d 
by natural IJ("lcction, Bnd henee probably are variable. 
Rpc('ific chnrarters-tbat is, tho characWrs whieb ha,"e 
rome to dilTer I!.inro the 8O\'ernl specie!! of the IllLme 
gt'nus branched off from a rommon parent-are more 
"Drinble than generic characters, or thoee which hue 
long been illherited, and have not difTcrt.>d l\"ithin tbis 
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.me period. In theH f'@marq we ba't'e f'@rerred to 
1pI-'('ial pam or organs being still VAriable, bec-uuae they 
hllVe recently vonoo and thus rollle to differ; but we 
hare abo .'n in thfl /I6("Olld Chal,tcr that tile 8BlUe 
principle apllLiOI to the whole indi\-jtlual; r.lr iu III. dil;
triet where IIIftny species of any genus are round-that 
ii, where thero IIIl.8 been much fonner ,-ariation and 
dift'l'n:ntiation, or where the manuractory or lie,., spe
ei&C' IOrtllll haa been acti\'ciy at work-in that district 
and lunollf,'IIt these spcciCtl, ~"e now find, on all 8,\'crngc, 
I&I»t nrictic.. Secondary k%uai charaetc ... are highly 
...ariabie, and IUch characte ... differ mnch in the lpecie. 
oldie II\me group. " ariability in the ame parts C1l 
the organisation bas gencrally bet'n taken advantage 
01 in ¢\-iog .oeolldary 8('%ual diff'c!'em'el to the iIe'%(18 or 
alae wile IJ*,if'll, and sl.~'i£ic dilTcn!nc1~ to the le'f'eraJ 
ip8I'ict or the lI\me geoUL Any part or organ deve
loped to all extmonlinllry size or in an edmordin.ary 
a&nn(' r, in oollll)Hmon with the IOlIIe part or organ ill 
&be allied I!I)(!I"'i(·~. must bue gone thruu~h an cxtra-
0Idi0ary amOl1nt or modification mnce the gt!IIUI arose; 
lad tbul we CRll undcrstAnd wby it Ihould o/'t('n It ill be 
..... bltl in • mUt'h higbcr degree than other parts; ror 
wariation d • Jung-oontinned and mow pfOCt'al., and 
.uural IJeIe<'tiou 'Ifill iD sUl'h C&IeIllut 81! yet. ha'f'e had 
_ to O\'(!.tCQIllO the tendcnC'y to rurther nlriobility 
... to rev(!.l'ItIi(ln to a le8I modifit'd state. Dut wben 
Ill(ftiea with any erlraonlinarily-dcveloped organ h811 
become the parent or many modified dClI('Cndanta
wbieb on my \'iew must be a vcry slow p~ requir
.. a long IajlliO of time-in this C88C, nal.un!.J .election 
_, readily La\'e sucooeded in gi\'ing a MOO character 
to the organ, ill bowe\"er extraonlinary a Illftllner it may 
.. ,.. beI'n dC\'cJoped Spcciee inheriting nearly tho 
_ eoastitutiun rrom • common IJ&l'ent anJ. expoeed 
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to bimilar inftU(!UC(!8 will naturally tend to present ana
logous variations, and these same species mny OC<!flsion
ally revert to IIQme of the charactcnl of their nncicn~ 
progenitors. Although new and important modificatiOIlll 
may not arise from rN"ermcn aud analogous mriation, 
luch modifirotiona will add to the beautiful and har
monious din'rsily of llature. 

Wbate'fcr tho C8Ul11l lIlay be of each slight differcnN 
in the offspring from their parc.uta - and a cause for 
each mWlt c.-list-it is tllO stondy ucctlllluinlion, through 
natura] selection, of such differellces. when beneficial to 
the individual, that gives rise to all the more important 
modifications of structure, by which the innumerable 
beings on the faoo of this earth are enabled to suuggle 
,,-jtb each other, and the best adapted to Bunh·c. 
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CHAPTER VI. 

DIF1'ICUI.1'I~b 01\' 'rURORY. 

Dimeu1ti~ on the thoory of de~nt with modificati~n-Tmn9ition9 
-AJ..,nce or l'lltity of tl'8.lll!itiollRi VIlrietiee-l'I'IIWlitions in 
habit. of life-Diversified habitll ill the ame'lIl'ciOl-Speciea 
"oith habil.l 'll"idi:ly diJferent from the.! of tbeir a.lliee-OrgB.IlI! 
of eJ:tl'('me perfection-Modell of tl1lnaition - Cue. of difficulty 
-Natum nOD fueit saltum-Orgallll of 6ulJIlI importanoo
~nl not in n11 CIISl'II absolntely Jl('rfl~t-'J1Le law of Unity 
of Type and of the Q:,nditiOIl5 of Elliatcuoo embraced by the 
thoory or Natural Selection. 

LoSG before lul.ving arrived at this pnrt of my work, 
" crowd of difficulties will have occurred to tlte render. 
t:;OIllO of them arc 80 serious that to litis day I cnn 
hardly reflact on them wit.hout being stnggt'too; but, to 
tbe best of my judgment, the greater number are only 
apparent, and th066 that are real are not, I think, fatal 
to my thoory. 

These difficulties and objections may be clo.ssed under 
the following lleads :-Firstly, why, if species have 
Ik'S«:nde<l from other .species uy insensibly fine grada
tions, do we not everywhere 800 iunumemble trnnsitiollal 
(onus? Why is not all nature in confusion, instead of 
the specics lJeillg, as we see them, well defined ? 

Secondly, is it possible that an animal having, for 
iustance, tho sb'ucture and habits of !\ bat, could have 
been rorwed by the modification of IIOmo animal with 
,,-holl), different habits? Can we beliel'e that natural 
eeledion could produce, on tho ono hand, organs of 
trifting importanC<l, such 88 the tail of a giraffe, which 
.. rvcs as a fly-flapper, rand, 011 the other hand, orgaus of 
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such wonderful structure, as tho eye, of whicll we hardly 
as yet. fully Ulldenrtalld the inimitable perfection? 

Thirdly, eM iOlltincts be acquired and modified 
through natural selection? What shall lre say to eo 
marvellous nn instinct n8 010t whieh 10&(111 tbe bee to 
make cells. which 11M prncticnlly anticipated t110 dis
coveries of profound mathematicians? 

rourthlr. how can we llCOOunt for 8p<'cics, whcli 
cJ'()Q;e(!., being &tenle and )lroducing sterile o~l'ring. 
whereas, when 'f8rietice are crossed, their fertility is 
llOimpnired ? 

The two first hends shall be here discIlBBcd-Illstin{'t 
and Hybridism ill separate chapters. 

On the Abimce or Jlarity 6J 7'ran.itionall'tm·dlu. 
As natural seJection acta solely by the preeermtion 

of profitable modificatiolls, cRch new form will tend in Il 
fully..stookcd country to take the place of, and flnolly to 
c:r.terminnte, its own less improved parent-fonn Dud other 
lese-favoured fonna v.-ith which itcomee into competition. 
Thus extinction and natural eclection go band in haud. 
lIenee, if we look at each lpeeies all descended from 
some otllcr unknown fonn, both tho parcnt and all the 
tmll!litioHnl varioties will generally llilvo beon exter
minated by the Tery l)roteS!l of the formation and pe .... 
fL'<'tion of the new form. 

But, lUI by thlEl theory innumerable t.rnnsitional fonn. 
must have existed, wby do we not find them embedded 
ill countlCBEI numbers iu UIO enlst of tho enrlh? It will 
bo much more CQnvcnicnt to discuss this qnestion in the 
clw.pter on the Imperfection of the Geological Record; 
and I wil1 here only state that I believe the ILOl!wer 
mainly 1iC8 in tho rooord being incomparably ICES I*r-
feet tban is generally supposed; tho imperfection of the 
record being ehieflyduo to organio beings not inhabiting 
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profound deptlls of the sea, nnd to their remniuB being 
embedded nnd preserved to /l. future age only in masses 
or sediment BufilcienUy thick and extensive to withstllnd 
an enormous amouut of future degradation; nnd such 
foosiliferous tl1ll88es COll be accllmlilated only where 
mllch sediment is deposited on the shnllow bed of tho 
SC/I, whilst it slowly subsides. These conWlgencics will 
<'01l(,llr only mrely, nnd after enormously long inten'als. 
\\1iilst the bed of the sea is stationary or is rising. or 
,,"ben very little sediment is being deposited, there will 
he blanks in our geological history. The crust of the 
efIrlh is f\ mst museum; but the llntnrnl coUections 
lil"'e been made only at intermls of time immensely 
remote. 

But it may be urged that when several closely-allied 
'pecies inhabit tile same territory, we surely ought to 
find at the prescnt time many troHsitiontd forms. Let 
us takc /l. simple case: in tml'elling from Tlortfi to 
south o\'er a continent., we generally mcct at successive 
intervals with closely allied or l"CIJre8Cntlltive species. 
eridently filling nearly the same place in the natural 
economy of the land, These reprcsentllti\'e .species often 
meet nnd interlock; and as the one becomes rarer nnd 
rarer, the other beeomes more nlld more frequent, till 
the one replaces the other. But if we compare these 
epPCiCfl where they intermingle, they afO generoUyas 
abeolutely distinct from each other ill overy dctail of 
Itructllre os are specimens tnken from the metropolis 
inhabited by cach. By my theory these uliicd species 
have desccnded from II. comOlon pnrcnt; nlld during the 
process of modificatiou, each has beoome adllpted to tIle 
eoodition!l of life of its own region, and hIlS 8upplanted 
aDd exterminated its original parent-form and all the 
traneitional ysrieties between its past and present states. 
Hence we ought not to expect nt tho present time 
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to meet with numerous transitioual varieties ill each 
region, though they must hlwe existed there, and may 
be embedded there in a fossil conditioll. But in the 
intermediate region, having intermediate conditions of 
life, wby do we not now find clOilely-liuking inter
mediate Yfl.rietiea? This difficulty for a long time quite 
confounded me. But I think it call be in largo pari 
explained. 

In the first place we Bbould be extremely cautious ill 
inferring. because an area is now continuous, that it 
haB been continuous during 0. long period. Geology 
waul(l lead us to believe that Il.lmost overy continent 
has been broken up into islands even during the intf'r 
tertiary pcrioda; and in such islands distinct species 
might have been separately formed without the JXlh~i
hility of intermediate varieties existing in tho inter
mediate zones. By changes in the form of the land 
and of climato, IDarine areRS now continuous lllU:;t often 
have existed within recent times in 0. far less continllou~ 
and uniform condition than at prclI(!nt. But I will ptW 

oyer this way of escaping from the difficulty j for I 
belic\'e that many perfectly definod species have been 
formed on strictly continuous areas; though I do not 
doubt that tlle formerly broken condition of areas now 
continuous has played an important P8rt in the forma
tiou of Jlew species, more especially with freely--crossillg 
8nd wanderiug animals.. 

In lookiug at species as they are now distributed over 
a wide area, we geuerally find them tolerably numerol18 
over a large territory, theu b(!(XImillg somewhat ab
ruptly rarer and rarer Oll the confines, and fwally dia
appearing. Hence the neutral territory bebveen two 
repr(lllClltative species ill generally narrow in comparison 
with the territory proper to each. We see tile saine 
fact in. ascending mountains, and sometimes it is quite 
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rcmnrkable how abruptly, as Alph. de Candolle hns 
observed, a common alpine species disnPI>carB. The 
same fact bus been noticed by E. Forbes ill sounding 
the depths of the RCa with the dredge. To those who 
look nt climate and the physical conditions of life as the 
all-important elements of dist.l"iuution, these facts ought 
tI) cause surprise, OJ! climate alld height or depth grn
dllnto away inscllsibly. But when we bear in mind 
tbnt almost every species, even in its lUetropo1i~, would 
increase immenscly in numbers, were it not for other 
cOlnJloting species; tlmt nearly aU eithel' lll"oy 011 or 
scn'o as prey lor others; in short, that each organio 
being is either directly or indirectly related ill the most 
important mauner to other organic beings, we must see 
that the ronge of the inhabitants of any country by 
110 monus exelusively depends on insensibly cllfLnging 
IlhYllical conditions, but in large pnrt 011 the pl'esence 
of other species, on which it depends, or by whicll it is 
destroyed, or with which it COUlCB into competition; and 
Ii! these species are already defined objects (howen:r 
they may have beeome so), not blending one into an
other by insensible gtadation~, the rnnge of anyone 
Ipccies, depending as it does 011 tIm range of olhel"~, wiLl 
tend to be shaqlly defined. 1\foreo"er, ea('h Elpecies 
01) the confines of its range, where it exists in lessened 
Dumbers, will, during flnctuntions in the number of its 
eDemies or of its prey, or in the seasons, be extremely 
liable to utter ex.termination; and thus its geographical 
range will como to be still more ti-harply defined. 

U llltu right in belioving that allied or representative 
lIfIIlCies, when inhabiting a continuous area, are gene
rally so distributed tbat each hIlS a wide range, with 
• ,"oOmparatively narrow neutral territory betweell them, 
ill wbich they bc~ome rather smIdonly rllrer nJld rarer; 
&ben, as varieties do not esscutially differ from ~pcci{'s, 
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the same rule will probably apply to both; and if wo in 
imagination adapt a varying species to 1\ very lIlrge area, 
we shall hal'O to adapt two varieties to two large areas, 
and a third variety to a narrow intermediate zone. 'rhe 
intermediate variety, consequeutly, "ill exist in lesser 
numbers from inhabiting a narrow and lesser area; amI 
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 tIle rule in tho (!Me of YIll'ictics 
intermediate between well-marked varieties in the genus 
Balanus. And it would appear from information given 
me by Mr. Watson, Dr . .Asn Gray, and Mr. \Yollastoll, 
timtgenerally, whou yarieties iutermediate between two 
other forms occur, they are much rarer numerically 
than the forms which they connect. Now, if we may 
tl"llst these fuets all(l inferences, IUlci t.horefore conclude 
that yarieties linking two other ,'arieties together hnye 
generally existed in lesser numbers tlmn t.he forms 
which they collnect, then, I think, we Cil.ll understand 
why intermediate Ytlrieties should not endul'e for very' 
long periods ;-why, as a geneml rule they should be 
exterminated and disappear, sooner than the forms 
which they originally linked. together. 

For any form existing in lesser numbers would, as 
already remarked, ruu a greater chlUlce of being exter
minated. than one existing in large numbers; and in 
this particular case the intermediate form would be 
eminently liable to the inroads of closely allied forms 
existing on both sides of it. But a far more important 
consideration, as I believe, is thnt, during the process 
of further modification, by which two vllrietiel.! are sup
posed on my theory to be com'erted ancl perfected into 
two distinct species, tbe two which exist in larger 
numbers, from inhabitiug larger areas, )\·ill ho.\'e a great 
adnl.ntage oYor the intermediate variety, which esists 
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in smaller numbers in a narrow and intennediate zone. 
For forms existing in larger !lumbers wiJI always ha\'e 
a better chance, within Illly gin'lI period, of presenting 
further fuvourab lo mriutiOlls fo r Ilntmal selection to 
seize on, tllllil will the rarer fOflllS which e::dst ill lC!:lSCr 
numbers. Hence, the moro common forms, in the race 
for life, will tend to beat and supplant tho IcllS common 
form&, for thcse will be more slowly modifiod and illl
PfO"OO, It is the same principle which, as I believe, 
accollnts for tho common species in roch country, o.g 

shown in tho second chapter, presenting on /lll average 
a greater number of well-marked \'arietietl than do the 
rttrer species. I may illustrate wbat I mean by 8IIp
posing three varieties of sheep to be kept, 0110 adapted 
to all extensivo mountainous region; a &eCOud to a 
romparati,'cly narrow, billy troct; and a thin! to 
\lido plains at the base; and that tho inhau.itunt:; 
are all trying' with equo.l steadiness Blld skill to iUl
IlfO,'O their stocks by selection j tho chances ill this 
raso will be strongly in fa,'our of the great holders 
on the mountains or on tho plains impro,-illg their 
bl'l!Ods more quickly than the small hold{:f'8 011 the 
intermediate narrow, hilly tract; und consequently 
&he impro,'ed mountain or Jllain brood will 80011 take 
the Illace of tho less improved hill brood; nnd tllIIS tho 
t.-o Lrecds, which originally existed in greater IlWllhers, 
will como illto close contact with each other, \\ithout 
tho intc.rJlOilition of the suppmntod, intermediate hill. 
TIlI'it:ty. 

To 8um up, I heJie\'o that. 8J>CCie! come to be tolerably 
well~efilled objects, aud do not at flny ono period pre
lent all inextricable chaoe of varying and intcnnediato 
Iiab: firstly, OC'CaU50 new \'8ricu{:! arc \-ery slowly 
bmcd, for ,-nriation is a ,-cry slow procetll, Rod natural 
telectiou can do nothing until famuraLle nriations 
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chance to occur, and until a place in the nntuml 
polity of the country cml 00 better filled by SOUlO 

modification of IIOIIlO one or more of its inlllluitants. 
And such lIew placefl will depend on slow changes of 
climate, or on the occasional immigration of ncw inha
bit{Lflu, alld, Ilrobobly, in a stillmore importnllt degrce, 
011 somo of the old inhabitants becoming slowly modi
fied, with tbe new fonwl thus produced and tho old 
ones acting and f'ei\eting on cuel! other. So thnt, in 
any ono region and at allY one time, we ought only to 
see a fewspcc:iCfl presenting slight modifications ofslruc
ture ill some degree permanent; and this assuredly Ill' 
do ace. 

Secondly, areas now continuous must often ha,e ex· 
isted within the recent period in isolated portions, in 
which muny forms, more cspccio.lly amongst the claS8C8 
which unite for eacb birth and Ilander much, may hal'e 
separately been rendered sufficiently distinct to runk as 
representative species. In this case, intermed iato variA 
etiea octween the soveml rCllfcscntative speciCfl and 
their common parent, must formerly have exist!).1 
Ilithin each isolated portion of the IBlld, but these link.l:l 
during tho procelSil of natuml selection will have been 
supplanh:d und exterminated, 110 that they will no longer 
exist in n living state. 

'l'hinlly, when tl10 or more mrictics bayc been formed 
in diffCl'(!nt portions of a strictly C(Intinuous nreo., inter
mediate \arietiea will, it is probable, at first Iia,'o beeD 
formed in tho intermediate zones, but thcy II ill gen&
rally IiM'O had a short duration. :For these inter
mediate mrietics will, from rC8hOll8 already llS8igned 
(namely from what we know of tho actual distribution 
of closely allied or rcprescntatiloe species, and likewise 
of acknowledged ,oarietics), exist in the intermediate 
zones ill lesser llumlJcn thun the ,'urietic8 which they 
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tend to conuect. From tllis cause alone tlle interme
diate mrietics will be liable toaeeidental extermination; 
and during the process of furtber modification through 
Ilatural selection, they will almost eertninly be beaten 
and supplanted by the forms wbich they conlloct; for 
theBe 1'r0111 existing in greater numbers will, in the 
aggregate, p,·csellt more mriation, and thus be further 
llnllroved through natural selection and gain further 
advantages. 

Lnstly, looking not to nny one time, but to all time, 
if my tllcory be true, numberlCSB intermediate varieties, 
linking closely together aU the spocies of the same 
group, must assuredly havo cxisted; but the very 
Ill"OCCS8 of natural selection constantly tends, as has 
been so often remarked, to exterminate the parent-forms 
and tllo intermediate links. Consequently evidence of 
thcir former existence could be found only nmongst 
fussil remuins, which are preserved, as we Slllllf in a 
future chapter attempt to show, ill an extremely imper
fect and intennittellt record. 

On tlle On'oin and Tran,ition, of Organic Bein!J' rcit/I 
peculiar Habit, and Structure. 

1tll1ls becn asked by the opponents of such views as 1 
hold, how, for instance, n land carnivorous nnima! could 
ha'·e been converted into one with aquatic hahits; for 
how could the animal in its tmnsitiOllnl state have SIIb

listed? It would be easy to show illat witllin the sarnA 

group cnl'llivorous nnimnls cxist, Illlvillg every intrr
mooiate grade between truly aquatic and strictly terres
triall18uits; aud as each exists by II. stntggle for life, it 
• clear that each is well ttdnpted iu its habits to it.;; 
place in nature. Look at the Mlb"iela yi!;on of North 
America, which has webbed feet, and which resembles 
an oUer in its fur, ~horllegs, and form of tail; durillg 
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summer thi;; animal dives for aud preys on fISh, hut 
during the long winter it leaves the frozen waters, and 
preys, like other polo-eats, ou mice and laud animals. 
If a different CllBO had beet\ taken, and it had been 
asked how an insectivorous qUfL(lruped could possibly 
have been converted into 0. flying bat. the question 
would have been far moro djfficult to answer. Yet I 
think such difficulties IU1\'6 little weight. 

nere, as 011 other occasions, I lie under a heavy dis-
mh'IUltage, for, out of the mally striking CIlSes which I 
have collectC<l, I COli give only one or two instances of 
tronsitional hllbita and strnctures in cio8C'iy allied species 
of the 8lune genus; and of diversified habits, either 
constant or occnsional, in the same speeies. And it 
seems to me that nothing less than a long list of such 
cases is sufficient to Icsscl\ the difficulty ill auy par
ti(:ul!1r ease like that of the bat. 

Look at tlle family of squirrels; hero we hal"e the 
finest gradation from animals with their tails ouly 
slightly flattened, and from others, as Sir J. Richardson 
has remarked, with the posterior part of their bodies 
rather wide and with the skin on their flankil rather full, 
to the lM:.r-Callcd fiying squirrels j and flying squirrels 
have their limbs and Ol"en the base of the tail united by 
a broad el:panse of skin, which scnC8 8S a parachutc 
and allows them to glide through the air to all ast~ 
nishing distanee from tree to tree. 'Ve {'annot doubt 
that each structure is of llSO to each kind of squirrel ill 
its own country, by l'nabling it to escape birds or ooastll 
of proy, or to collect food morc quickly, or, as there 
is reason to believe, by lessening the danger from occa. 
"iollal f1llla.. nut it does not follow from thill fact that 
tho structure of each squirrel is the best that it is (XI8" 

sible to conceive under all natural conditions. Let tho 
climate and vegetation change, let oillor competing 
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rodent.s or new beast.s of prey immignl.te, or old ones 
become modifled, and ali lumlogy would lend 11S to 
believe that some at least of the squirrels \\'Ollid decrease 
in numbers or become exterminated, unless they also 
became modified uud improved in structure in n. corre
sponding maUlICt', Therefore, I cnn Beo no difficulty, 
more especially nuder changing conditions of life, in 
the COlltinued preservation of individuals with fuller and 
fuller flnuk-membrunes, each modification being useful, 
each being propagated, until, by the acc11mulated effcct.s 
of this process of natural selectiou, 0. perfect so-called 
flying squirrel was produced, 

Now look nt the Go.leopitheeus or flying lemur, which 
formerly was falsely ranked amongst bats. It has an 
extremely wide flank-membrnllO, stretching from the 
corners of tho jaw to tlle tail, and including the limbs 
and tho elongated fingers: tho Ilank-mombrrulO is, also, 
furnished with an extensor ll111Bclo, Although 110 gra
duated links of structure, fitted for glidiug through 
the air, now connect the Galeopithecus with tIle other 
Lemnridro, yet I see no difficulty in supposing tllat 
Stlch links formerly existed, and that each had been 
formed by the same steps as in the cnse of the less 
perfe<'tly gliding squirrels; aud that each grade of 
8tructUl'e was useful to iiB posscssor, Nor CBn I see any 
insuperable difficult,), in further believing it possible 
that tho membmne-connccted fingers and foreo.rm of 
the Gnleopithecus might be greatly lengthened by 
natural selection; CLnd this, as fm' lUI the organs of 
flight are concerned, would cOIll'ert it into a bat. ]n 
bats which ho.ve the wing-membrane extended from the 
top of tho sboulder to the tail, iucludiug the hind-legs, 
we perhaps see traces of an apparatus originlllly con
ItrUcted for gliding throngh tho air mtller than for 
flight_ 
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If about n dozen genera of birds hnd become extiuct 
or wero unknown, who would haye ventured to sur
mise that birds might hlwe existed which ullCd their 
wings solely as flappers, like the logger-beaded duck 
(Microptenls of Eyton); as fins in the water and front 
legs on the land, like the peuguin; IlS sails, like tilO 

ostrich; and functiollaUy for no 11lIrpo8e, like the 
Apteryx? Yl:t the structure of each of these birds is 
good for it, under the conditions of life to which it 
is exposro, for eneh hns to live by a struggle i Lut it is 
not u(.'(.'('8..-arily tbe best p08sible under all possible oon
ditions. It must noL be inferred from these remarks 
that nnyof Ule grades of wing-structure here alluded 
to, which perhaps mny all have resulted from disuse, 
indicate tho IlBtuml stopa by which birds have ac
quired their perfect power of flight i hut they sen·e, at 
least, to show whnt diversified. menns of tmnsition aro 
possible. 

Seeiug that n few members of such water-breathing 
clM8Cil 88 tho Crustacea and Mollusca. are adapted to 
li'·e on tho land; and seoing that we hlno flying bi"~ 
and IIUlmmaIs, (lying ill.SCCts of the most diw!J'8ified 
typell, and formerly had flying reptiles, it is oonceinl.ble 
tiUl.t flying-fish, which now glide far through tho air, 
slightly rising and turning by the aid of their flut· 
tering fins, might have been modifil:d into perfectly 
winged allimals. If this had been effected, who would 
b!\\'o ever imagined UIo.t in an early transitionallrtate 
they had been inhabitnntll of the open ocean, and bnd 
used their itwipir'llt organs of fliglit oxclush·ely, D.8 

fllr 48 we kuow, to OBCllpO king de,·oured hy other 
fi:Jt? 

"lien we see any stnlctl1re highly l>erfected for any 
JXlrticular habit, ns the wings of 0. bird for flight, we 
should bear ill mimi that animals disJ)Jaying eArly tran· 
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sitional grades of the structure will seldom continue to 
exist to the present day, for they wiiJ have been sup
plunted by tllo "ery process of perfection througb naturnl 
selection. Furtbermore, we may conclude thut tmnsi. 
tional grades between structures fitted for "ery different 
habits of life will mrolyhavo beon dovolopedatauenrly 
period in gJ'eat numbers lind uudor llllllly suoordinllte 
forms. '1'hll8, to return to our imaginary illustmtiOll of 
the flying-fish; it does Dot seem probable that fishes 
capable of true Bight would hll.ve been dCl'eloped under 
mauy subordinate forms. for taking prey of many kinds 
ill many ways, on the land and in the watcr, unhl their 
orgnns of Ilight had come to II. high sto.go of perfection, 
l!O Il.8 to hR,'e giveu them a decided ndvantagooHlrother 
animals in the battle for life. Hence the chance of dis
oovering species with transitional grades of structure in 
a fossil condition will always be less, from their having 
existed in lesser numbers, than in tho caso of species 
with fully developed structures, 

I will 11011' give two or three instances of diversified 
and of changed hll.bits in the llldiridun1s of the same 
q>eciCll, When either case occurs, it would be easy for 
naturnl selection to fit the onimal, by BOme modification 
of its structure, for its changed habits, or e:tclusively 
for one of its several differentliabits, But it is difficult 
to tell, and immaterial foJ' us, whether habits genemlly 
cbange first and structure afterwards; or whether slight 
modi6cations of structure lead to chnnged habits; both 
probably often change nlmost simu1tllneollsly, Of cases 
ofcJumgcd habits it will suffico merely to allude to that 
of the Illally British insecta which now feed on exotic 
plants, or cxclusi,'ciyon artificial SIlbstanCCS. Of dh'er
Ii&d habits innumerable i.nBtan~s could bo gi,'en: I 
haTe often watched a tyrant flycatcher (&urophagus 
IRllphu1'!ltus) ill South Americn, hovering Over one spot 
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and then pf'OI.:eeding to another, like a kestrel, and at 
other times standing stationary on the margin of water, 
and thcn dllBbing into it like a killgfh;]II:~r at a fish. In 
our own country the larger titmouse (paf1.lS major) mar 
be seen climbing branches, almoet like a creeper; it 
often, like a shrike, kills small birds by blows on the 
head; Imd I have many times seen and heard it ham
merillg the seeds of the yew Oil a braneh, and thns 
breaking them like a Iluthatch. In North .America the 
black bear was seen by Heanle swimming for hOIlT1:i 

with widely open mouth, thus catching. almost like a 
"hale, insects in the water. 

As we IIOlllctimes 800 indi"iduals of a species following 
habits widely different from tilO8(l of their OWJJ 8pedc~ 

and of the other Fpecies of tho same genu~, we might 
expect, on my theory. thnt Bueh individuals wonld 00-

C'aiiiOlllll1y have given riso to now spccic~. having anom
alOlls llO.bits, and with their structure either slightly or 
collsidernbly modified from that of their proper type'. 
And Bueh instances do occur ill nature. Can a more 
striking instance of adaptation be gi"cn than that of a 
wOO(llX'Cker (or climbing trees and for seizing insects in 
the chinks of the bark? Yet in North America there 
are woodpeckers which feed Inrgely on fruit, aud others 
with elongated winga which chase insects on the wing. 
011 the plaius of La Pliltn, .... llcre not a tree grows, there 
is fl. wOO(lpecker (Ooiapte, campe8tru) which ht\S two 
tOCB before and two behind. a long pointed tongne, stilf 
pointed tail-feathers, but not 80 stiff as in the typiCflI 
wOO(lpeckers (yet I have 8('(!n it use its tail when alight
ing W!r1icaUy on a pesi). nnd a straight strong book. The 
b<-nk, bowel-cr, is not 80 straight or 110 strong IlS ill the 
typical woodpeckcrB, but it is strong enough to bore 
into wood ; and T may mention, as alloth('f illustration or 
the varied habits or the tribt>, that a )fexicaD ColaptRd 
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has been doscribed uy De Sanssure us bOl'ing holes into 
hLUd wood ill order to lay up 8. store of acoms for ita 
future colUiumption! Hence the Colaptes of La. PLlta. 
in nil the CS!ICntio.l parts of ita orgtlniillltioll is 0. wood
pecker, and until recently was classed in the same 
typical gCllUS. Evett such trifling charactOl'S as its 
colom-ing, the hnrsh tone of ita voice, and uudulatory 
flight, alI told me plainly of ita CI066 blood-relationship 
to our common species; yet it is a woodpecker, as I call 
a.s;;ert not. only froID my own ob:;crmtioo, but from that 
of the IlCcumte Aznm, which oC\'cr climbs a tree! 

Petrols aro the must aerial and oceaniu of biz-ru, but 
in tho quiet Souuds of Tierrn del Fuego, the l)uffiuuria 
lx:mrdi, in ita geneml habits, in it.!! astouislling power 
of di\'ing, its manner of swimming, and of flying when 
unwillingly it. takes flight, would be mistukell by any 
one for an IHlk or 0. grebe; nevertheless, it is essentially 
a petrel, but with UlallY ]larts of its org!Ulisutiol) pro
founclly modified ill relation to its llew habits of life; 
wheroos the woodpecker of La Plata has its structnre 
{tilly sligbt1y modified, In the C8.B6 of the water-ouzel, 
Ih~ acntest obee.n'er by e:uunining its dead body would 
never have suspected its sub-aqutltic hubita; yet this 
anomalous membel' of the terrestrial thrush family 
wholly snbsists by dh'jng,-grf18ping the stonos with its 
h,t, aud using its wings under wllter. jJl the members 
ur lho greut order of Ilymenoptem are terrestrial, ex
C\'lJting the geuM ProctotrUpc8, which Sir John Lub
bock IlUs roooatly discovered to be aquatio in its habits; 
it often enters tho water and dives about by the use 
out of its legs but of its wings, and remains 1.18 long as 
four hours beneath the surface; yet not tho least modi
huon in its structure CIlll be detected in accordance 
with such abuonunl habits, 

He who believes that each being has been CI'ealed IliI 
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we now 9C(l it, must occnsionnlly have felt Burpri8e wheu 
he has met with 11.0 animnJ. illl.\-ing habits and structure 
not at all in agreement. ,nat can be plainer than 
that the webbed fe{'t of docks and get':le are formed for 
swimming? yet. there are upland ~ with webbed 
Ct!Ct which rarely or uo'"er go ncar the 'yater; and no 
one except Audubon baa seen the frigate-bird, which 
has all iu four t()('S W'tlbbed, alight on the 8UTface of the 
sea. On Ole other band, grebes and coots are emi· 
ncntly aquatic, altbongb their toes are only bordered by 
membrane. WJlll.t seems plainer than that the long 
tOC8, not furnished with mOlllbrnllc, of tbe Grnllntorc8 
are formed for walking over swamps and floating IJiautll? 
-the water-hen and landrail are membet1l of this order, 
yet tbe rtn;t. ill nearly as aquatic ail the coot, and the 
aecond nesrly as terrestrial 88 the quail or pnrtridgt'. 
In 81lch c:asca, and many others could be givell. habita 
have changed without a oolT(laponding change of 8tnle
ture. The webbed feci of the uplaud goose may be 
ll&id to hM'e become rudimentary in function, though 
not in alrneture. In the frigate-bird, the dceply-«'OO~ 
membrane betwccn the toee RhowlI that structure hae 
begtln to chauge. 

Ho who believes in separate ond innumerable al'U of 
creation will lIaY, that in the&e cases it bas pleased the 
Creator to eause a being of one type to take the pJaee 
of one of another type; but this aeems to me only re
stating the faM. in dignified language. He who believel 
in tho struggle for cxhitenoo and ill the principle of 
natural selection, will ackuowledge thnt every organio 
being is oolllltantly endeavouring to inerease in num
bers; and that if anyone varies ever flO little, either in 
habits or stru,ture, and thua gains an advantage over 
BOrne other inhabitant of tbe oollntry, it will St·ue on 
the plllCO of that inhabitant, however diffarent it may 
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be from its own place_ Hence it will cause hilll DO sur
prise that there should be geese and frigate-birds with 
".ebbed feet, living on the dry land or most rarely 
alighting on the water; that there should be long-toed 
corncrako!l u,-illg. in meadows instead of in swamps; 
that thoro SllOuld be woodpeckers wlJero 110t n. tree 
grows; that there should be diving thrnshes aud diving 
Hymenoptera, and petrels with tile habits of auks. 

Orgalu oj tJ:trtme Perfection and Oomplioo.tUm., 
To suppose that the eye, with all its inimitable COIl

tril'lltlCCS for adjusting the focus to different distances, 
for admitting different amouuts of light, aud for the 
l'Orrectiol\ of sphericill and chromatic aberration, could 
hal-e been formed by natural selection, seems, I freely 
confess, absurd in the highest degree. When it WIlS 

first sn.id tlmt the sun stood still Ilond tho wOl'ld turned 
round, the common sense of mankind declnl-od the doc
trille false; but the old saying of Vox populi, oox Dei, us 
every philosopher knows, cannot be trusted in llCiollce. 
Beason tells me, that if numerous gradations from a 
penect and complex eye to one imperfect and simple, 
each grade being useful to it.-. po;>Se&'lOr, eQn be shown 
to cxist; if further, the eye does vary ever so slightly 
and the variations be inherited, which is ecrt.o.inly the 
rue; and if any variation or modification in the organ 
be efer useful to an animal under changing conditious 
of lift', then the difficulty of believing that Il. perfect 
and complex eye could huve been formed by llutuml 
eelet·tion, though insuperable by om imnginntion, COon 
hardly be cousidered real. How a ncn-e C<Imes to be 
IE!JlSiti,-e to ligllt, lmrdly C<Incems us more than how life 
illelf first originated; but I may remark that, as some 
of the lowest organisms, in which nen-cs canIJot be 
detected, are knowu to be sensitive to light, it docs 
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not seem impossible that certain clements in tbeir t~· 
SIH!:iI or snroodo should htn'c become aggregated and 
developed iuto nen'M endowed with special 8CllfIibility 
to ite action. 

In searchiog for the gradations through which any 
organ in any Hpocies has been pc,fected, we ought to 
look exclush-ely to its linea1 progenitol"8; but this ii 
I;('tlrcciy ever pottsible, and we are forced in each cnse to 
look to other sp<'Cics and genera. of the Mmc group, 
tliClt is to the collateral desccndClnte from the Mme 
origina1 parent.form, in order to IlOO what gradations 
are possible, and for the chanco of some gmdatiolll 
h""ing been tnm~mitted from the carlier slagel! 01 
dl!SCent, in 811 Ullll.ltcred or little altered eonJition, Bat 
the Htate of the snme organ even in the other main 
divisions of the orgonic world may incidentally throw 
light on the stcps by which it has boon l)erfected, 

'fhe simplest orgall which clln be called an eyo con
@ists of an optic nene, surroullded by pigment-<'el~ 
co\"ereJ by tralllJlucent skin, but without any lens or 
other refmcti,'o body. We may, 11Owe,'er, AOCOrding to 
M. Jourdain, dCiW'Cnd o,"en a step lower IUld find a~~ 
b"lltcs of l)igment-t('~ apparently sen'ing as Rn organ 
of villion, but which rcat merely 011 stlfCodic tiStiue not 
furuisJled with any nerve. Eyes of the above simple 
Ilature are not capable of distinct vision, Lut serve merely 
to tlistin~i.~h light from darkness. In eertailll!itar·fitibN, 
small depre&:uollfl in the layer or pigml'nt wh.ich 1Ul· 
rounds the ner .... e are filled, as dcscribed by the author 
jlL':lt quoted, witb trnnfipareut gclatinolUl mattcr, and 
this projl'Otft outwardly with a corwcx surface, like the 
cornell in the higlu·r animals. Jle sugge~ts that thil 
IItructure 8efl'es not to form an imRgc, but only to COD

ccntrate the luminous rayft and render their percept .. 
more perfocL In this concentration of the rayll we 
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gain the first Ilnd by far tllO most important step to
wards the formation of a truo or picture-forming eye; 
for we hll\'o ouly to place the nakcd extremity of the 
eptic nerve, which in some of the lower animals lies 
deeply buried in the body and in some Ilear the sur
face, at tho right distance from the concentrating allpa
tlltuB, and nn imllge must be formed on it. 

In the great class of the Articnlatll, if we look for 
gradations. we may start from an optic nene simply 
coaled with pigment, which sometimes forms a Sort of 
pupil, but is destitnte of 11 lens or olher optical COIl

tri\'Bncc. ]'rom this point we have to make a rather 
wider stride than in the case of the above-mentioned 
star-Hsh, nnd we como to certnin Crustaceans in which 
the eyes are covered by 11 double cOI"Uea,-t11e ex
leoma! membraue smooth and the internal one w"ided 
into fuccts,-within the substance of widell, as Milne 
Edw!l.l'ds 8tate.s~ "renflemcns IcnticlIlldl'C8 paraissent 
,'are d6\'!'lloppes;" and these lenses can sometimes be 
detat'hed in a layer distinc.t from the cornea. With 
iusects it is now 1..-nown that tho numerous conas sur
rounded by pigment, which form tho great compound 
eyt'S, Bte filled with transparent refraetil'e matter, 
and these cones Jlrcduce images; but in addition, in 
certain boctles the facets of tho cornea are slightly 
convex Loth externally and internally,-thllt is, are 
lens-eilnped. Almgether so dil'ol'!!ified is the structure 
or the eye in the Articulata tbat Muller makes three 
main cla8SCs, with seven subdi"isions, of compound eyes, 
and he adds a fourth main claas of aggregated simple

'l''' 
When we reflect on these (nets, here gil'en too bric[ly 

aDd imperfectly, with respect to the wide, dhersiJied, 
and graduated range of structul'e in the eyes of the 
lWItiug Articulata; aud wheu we bear in mind how 

L 
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8mnJ i the nUlIlber of "II living forms mllllt be in com· 
pari&OD with 1h088 which have iJooome extLn't, the 
diflicu1ty C(!QIIM to be "ery great (not more 10 tban in 
the caae or many othl'r strueturee) in believing that 
llAtUJ1Ll !lelection may have converted the simple apt»' 
ro.tUl of an optic nene, cooted with IJigmcnt and 
iuv~~oo by trallJllJ(nent mcmbro.lle, into lUI optical 
Ln!tnnoent .. perf.,,·t IIWI is ~od by allY member 
or the great .\rti l·uIDUi Claa 

He \\·ho will go thus rar, ir be Ihould find 011 finit.hing 
this "olume that large bodies of racts. olherwi:!e incx· 
plicltbll", can be explained by tho thoory of dCSC('nt with 
modification, ougbt not to hesitate to go further, and to 
admit that a atrul'ture e'-en as perfL'Ct all the eye ~ 
an eagle might llATe ~n formed by natural selectioa, 
although in tht, f'8.IO be dOOil not know the transitional 
lItepoJ. E\'cn in tho Ycrtebrata, 10 manifCIJUy the m_ 
highly organized ;.Iil·ision of the IlllimlJ kingdom, w. 
ca.u start, sa in the rormer ca.&eIJ, from IUl cyt', IlUcb. 
eristl in tbe filili ealll:!ll the laneelcl, ,., hich iA 110 ,.imp&. 
that it. consist. oruy of a little fold·like aack of Akia, 
liut.od with pigm,·nt. and fll11lb!hod "itb a nerve, bat 
dMitute of allY other apparatus, beiug merely co"erM 
by transparent membrano. In the cltl88 boUl of fLlh81 
and reptiles, M O\\en hM remarked, .. the rouge 01 
gradatioIl!! of w<'lltric &t.ructUNJ8 is very great." It ill 
a significant f.ct that even in man, according to the 
high authority of rircho", the Le6utilu1 crystallille 
lens iB originally fonned merely by an accumulatXa 
or cells or the epidermis, Iring in II. Mck·Jiko fold of the 
skin; and the ,·itrouus body iB formed from embryoaic 
8Ub-cutaneou~ till!lUe. It ill indeed indi!pcusable u..t 
tho naturalist who reflccu on the orihrin and lIlAllDet 01 
rormation of the eye, with all ita llU\n-cUously perfecl& 
attriLutcs, shou1d make hia fCiUIOn conquer hiB im.agm.. 
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tiOIl; though I ruwe felt tlle difficulty far too keenly 
to be surprised at any degree of hesitation in extending 
the principle of Datuml se1ection to 80 startling a length. 

It is SCfircely possible to avoid comparing the eye to 
a telescope. Wc know that this inatrument has been 
perfected by the long-continuod offorls of tho highest 
human intellects; and we naturally infer thnt the eye 
has been formed by a somewhat analogous process. But 
lDfIy not this inference be presnmptuous? lIal"e we 
aD)" right to assume that the Creator \forks by intel
lectual powers like those of man? If we must com
po.re the eye to all opticnl instrument, we ought in 
imagination to take II. thick layer of transparent tissue, 
with spaces filled with fluid, and with II. nerve sensiti\-e 
10 light beneath, and then suppoae Ol"ery part of this 
layer to be continually changing sJowly in density, so as 
10 8<lparnto illto la.yers of differont densitics Ilud thick
neaso~, placed at diIl'erellt distmlCos fl"Om each other, 
and with the surfaces of each layer slowly changing in 
form. Further we must snppose that there is a power 
(u.tnrnl selection) always intently watching each slight 
Kridellt&!. alteration in the tmnsp&reut layers; and 
carefully 8<'lecting each altemlioll which, under varied 
elreUlllslil.ncCll, may in any way, or in any degree, tend 
to produce 0. distincter image. We must suppose each 
lie. state of the instrument to be multiplied by the 
million; llnd each to be preserved till a better be pro. 
daced, and then tile old Ollet! to be destroyed. In living 
bodies, variation will cause the slight alterations, gene
ration will multiply them nJm08t infinitely, and natw-ul 
Jeleetion will pick: out with Wlerrillg skill each impro.e
-.L Let this process go on for millions on millions 
~ yean; nnd during each year on millions of indi
Yiduals of many kinds; and may we not beliefe that 
• liring optical instrument might thus be formed as 

L 2 
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superior to 0110 of glM8, 88 tho worK. of tho Creator are 
to those of man? 

Modu oj Trallluitnl. 
If it could be demonstmted that nlly romplex organ 

oxistoo., which C(Iuld not possibly hrn'O been formed by 
numerous, 8uCC('Il<IivIl, slight modifications, my tbrory 
would ab60llltcly break down. liut I can find out no 
such case. No donbt mallY orgnus esi,.t of 'i\hich we do 
not know the tmllsitional gmdce, more especially if we 
look to llluch-illOlau.>d species, roUIl() which, acrordiug to 
Illy thoory, there hM been much extinction. Or again. 
if we look to on organ common to all tho members of. 
large daiS, for ill tbis latter case the organ mllilt have 
been origillolly formed at an extremcly remote period, 
since which nil tho many Dlcmbcra of tho c1118S have 
been dcvc\opo<l; and in order 10 dirw,ovcr tho carl, 
ImusitiOllnl gmdce: through which tho organ has passed, 
we should ha"o to look to "ery aU('icllt ancestral fol"lDt. 
long since become extinct. 

We shonld be extremely cautious in concluding thai; 
an organ CQuid not have been formed by transitional 
grndatiOlli \If some kind. N umeroull ctUIe8 could be 
given 81ll01lSllt the lower nnimnlll of the SlIme organ 
l>erfonnin~ at the 8fl,Ule time whoUy djlltinct funeliona; 
thus the alimentary canal ree:pires, digestB, and exC'retel 
in the larva of the dragon-fly Rnd ill tbo fuh Cobitel. 
In the llyJra, the animal msy be turned inside au&.. 
snd the exterior 8ltrfi\OO will then digc..t and the stomaclt. 
respire. In 8ltch CI\!IeS natural 1ICit.'('tiou might ~ 
cialj,;c, if any adrnlltnge were thus gained, the whole or 
part of fill organ, which had performed two functiom. 
for ono function alone, a.nd thus greatly chango • 
nature by ill~lls.iblo steps. Many c.a&e8 are ).1\OWD of 
plants which regularly produce at different part. of 
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their inftorcsccnC<!, 88 on the summit of a spike Ilnd 
lower down, or at the centro and circumference of all 

umbel, corymb, l~C., or during dilfcrcnt periods of the 
year, differently constructed flowers; and if the plant 
were to cease pl'OdUeillg both kinds and bore one alone, 
a great challge would suddenly be effected iu its specific 
character. It is a distinct question how tll(J same plant 
has come to produce tim kinds of flowers; uut it can be 
moll'n in some C88e8 to be proooble, and in otber CalleS 

to be almost certain, that this has been effected by 
finely graduated stepe. Again, two distinct organs in the 
.me individual sometimes perform simultaneously tho 
MOle function, and this is Il highly important means of 
transition: to gi\'e olle instancc,-there are fish with 
gills or branchia! that breathe the air diSIOlvoo in the 
water, at the same time that they breathe £reo air in 
their Ilwimbladders, tlus latter organ lun-ing: a ductus 
pneumaticu9 for its supply and being divided by highly 
ft8CUlar pRrtitiolll!. '1'0 givo another instance from the 
Tegetable kingdom: plante climb by three distinct 
"WI, by Ilpirally twining, by clasping a support with 
tbeir sensitive tendrils, and by the emission of aerial 
JOOlIcts j these three meanH are usually found in distinct 
pbers or families, but some fow plants exhibit two of 
\be means, or e,'en all three. oomuinoo ill the same 
iaiividunl. In all such cases one of the two organs or 
ae.ns of performing the same function might be modi· 
led and perfected so as to perfonn au the work, being 
aided during the procesa of modification by the other 
0IpD; and then this other organ might be modifiPd for 
..e other and quite distinct purpose, or be whoUy 
eWiterated. 
• The illu.stmtion of the swimbladder in fishes is a good 
-. because it shows us clearly the highly important 
lid that an organ originally OOllStructe<i for one I)UI'o 
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pose, namely flotation, may be converted into one for a 
widely different pllrpole, namely respiration, ~'he swim
bladder bu, allj(), been worked in iliJ an accesIIOry to the 
auditory organs or Certain fi&h, or, for I do not know 
wbicb view Q now generally held, a part. of the audi
tory appamlus hfUI been worked ill fl8 a complement 
to the 8wimbladder. All phy8iologisu admit that the 
swimbladder is homologous, or .. ideally similar" in 
position and structure with the lungs of the hight·r 
veriebrote animals: hence there seem. to me to be no 
extreme difficulty in believing that nl\tural 8Clection hail 
actualJy converted 1\ swimbladder into a IUllg, or orgno 
U900 e.xc1U1ively for I'C8pimtioll. 

On this view it may be inferred that all "ertebrate 
anim&is baving true lungs have deecentkd by ordinary 
generatiou from an ancient prototype. or which we know 
nothing. furuil!.hcd with a nooting apl)Bratu8 or swim
bladder. We .cnn thus, fUI I infer from Professor Owen', 
iukresting dCBCriptiou of tl1esc parts, understand the 
~traDge faet that every particle of food and drink wili,·b 
we Iwallow bas to Jl&ilI OYer the orifice of the traehea, 
with 100ne risk of falliug into the lungs. notwithstanding 
the beautiful contrivance by which the glottis is dOled. 
In the higher Vertebrata the branch iro ha.ve wholly w. 
appcaroc:l-in the embryo the slits on tho sides of the 
neck and the loop-like courae of the arteries still marking 
their former position. But it iloonecivable that Ule now 
utt(!rly 109t brancbilC might ha,'e been gradually worked 
in by natural selection for fIOme quite distinct Jlurpo8C: 
in the Mme manner all, on the ,-iew enterlnillOO by 
BOrne naturalists that tbe branchiro and dorsal 1K'&l8 

of Annelids are homologous with the wings and wiog
covers or insecta, it is probaJ,Je that organs ",,"hleb at a 
very ancient period served for respirotiOll have heeD. 
actually converted into organs of flight. 
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In oon~idering transitions or organll, it is 80 important 
to bt.'lI.r in mind Ole probability of ooO\-ersion from one 
(IllK'ti .. n to anolher, that 1 win gh'e one more instance. 
P~ .. lllneulated ('impedes have two minute folds o( ilin, 
eal!t-d by me the ovigerous (rena, whicb lII'rve, through 
the mcuns of a sticky 8e<'rction, to retain the eggs until 
they aro hatched within the sack. ,!'heso cirripcd(>8 
have no bmnchilf', the wbole 8unOCt' or the body and of 
the 88f'k. ioe1uding the IIImall (rena, Jt·ning (or t'CJIpira· 
tklll. The J3a1anidro or fl('SBile cirripedl'&, on the other 
hand, b81'O no o.igcroD8 Crena, the t'ggllying looee at 
the bottom of the sack, in tbe well-('n(')oaed shell; but 
tbt'Y 118.\e, in the I!8me relative poo-ition with tbe frena, 
larJ:re, much-folded membran('tl, whi,'h rreely eommu· 
akate with the circulatory laCUlll8 or the I!ll('k I.lld body, 
and which hal'e been considered to be bran ... biro by 
Prof, Owen and all other nnturalilJtll wbo have tf'('ated 
011 the lIubject. Now I think no one will dispute that 
&be ol'igerolll frena in the one family nr(l strictly homo
~ with the brancliil8 of the otber family; indeed, 
tltfoy ,,-.duate into each oOu>r. There(oro it nf'f'd not 
liIe d.,u\.t'"1.1 that the boo little rolch of .kin, whi('h ori
,mally 1II·n-ed U ol-igerouil rren&, bllt ",bith, like1llUe, 
ftI')" ,lightly aided the act or r('fl;llimtioll, Mve been 
pually ('ODl'etied by natllrfll selection into brnuchiae, 
_ply through an increase in thcir .ize and the obli· 
t..tion of their adhesive glanw, 1f all pedunculated 
ampede. had become edin('t, and they have already 
Id'ered rar more extinction tJum have lK!Il8ile cirripcdca, 
who 'II"olliel ever havo imagined that tho brnnchiro in 
.. lat~r family had onginally existed all organs 
... prt'venting the ova from being 'IIlbbed out of the .... , 
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Clift'. of 'pecMl Difficulty on th, TMory of Natural 
&kd;q,.. 

Althongh wo mu3t be extremely CRUtiOUS in con
cluding that nny organ could not have been produced 
by successive transitional grodntious, yet ulldoubtc<Uy 
serious cases of difficulty aeeur, SOIllO of which will 00 
discussed in my future work. 

One of the mo..;'lICrious is thnt of neuter insccts, which 
are onen differently constructed from eitller tho malet! 
or fertile femaletl; but this ense will be treated of in 
tho noxt chapter. '£he electric orgnns of fi~lleB offor 
Rnother case of s[lccilll difficulty; fOl" it is impos:;iblo 
to conceive by what stopa thcse wondrous Orgallil ham 
been produced. .As Owen bas remarked, there is mu(:h 
analogy between them and ordinary m\ll:lClcs, in tlleir 
mallllor of netion, in tbe influence on them of tho 
norVO\18 power and other atimlllllllts such liS Str-YChllillc, 
and IlR I!IOmo believe in tlleir intimate structure. Wo 
do not. evon in all cases know of what use thCtlO organs 
are; though in the Gymnotus o.nd Torpedo they 00 

douht scrve as powerful menna of defenoo and perhaps 
for securing prey; yet in the Uny an analogous org-nn 
ill the tail, oven when greatly irritnted, manifests, lIS 

lately observed by Matteucci, but little electricity; 80 

little that it can hardly be of much use for these elida. 
Moreover, in the Ray, besides the organ just refuted to, 
there is, as Dr. It M'Donnell has shown, another orgau 
ncar tbe bend, not known to be electrical, but which 
appnn:lltly is tho reul homologue of the eloctric baUery 
in the torpedo. And lastly, R8 we know nothing about 
the lineal progenitors of any of theee whes, it must be 
admitted that we are too ignorant to be enahled to 
affinn that no transitions are possible, through wh..ieb 
the electric organs might have well doveloped. 
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Th~ ",me orgnJUI at lirst appear to offer RllOther and 
Car more Il'rious difficulty; for they occur in about a 
!L1Zt'n kind. of fish, of which lIe\'"eral are widely remote 
in thdr affinitil'6. Generally ",hen the lII\.D1e organ i8 
fonnd ill II('veral members of the IIOm6 rlllSl\ e~l)C('ially 
if in members having very ditTerent habits of life, we 
may attriullte its presence to inheritance from a COlllmon 
&nCf'ltor; and its absence in IIOmc of the mcmbe.rfI to 
Illil throu~h dause or natural .,·I«tion. So that, if the 
~Iet'tric organa had been inherited from some one ancient 
~Ilitor. we might have expt'Ctt'll tilat all eleetric 
fte,he8 would ha"e been specially related to each other; 
but thi:! i, far from the C8BC. Nor d(l('fl geology at all 
lNJ. to the belief that most f~hC8 formerly l ..... ~ 
~kciri(' otganlJ, which tllcir modiflt>d. dNC't'n.lallll ha,"e 
DOW loat 13l1t when we look clORer 10 the rrubi't'I, we find 
in the IICvcrnl fUlhe8 provided with cleetric orJ=:!lllS Ihat 
thee.' nro 8itunted in difierellt partll of the OOJy,
that they ditT~r in construction, III ill the arrangement 
oItll(' piAtt ... , and, according 10 Pat'illi, in tbf' 1't'()("<'i!6 or 
...... 1.0,. which the eleetri"ity i. el:eited,--ancl 1&t>t1y, 
II the rt't'Juil<ite nermus power (and thid is pcrlmJl8 the 
-.t impurtant of aU the diffl'nm('('8) bPing IUJlplied 
duou~h ditTt'rellt ncn-cs from wide·ly ditTcl'('llt SOIlf('CfI. 

Jll'Dt'E! in the II"-eml remotely allied fL.htJI fumished 
with t'll~·trie organ8, th(>~ caonot be considered 8Il ho
~>ltC, !Jilt ouly as' analogou8 in function. Conse
.-ntly t1wro is no l'CtllIOn to 81ltJl)()8e that they ha"e 
.... inh('rit(~l from ft common PI'Ob"Cnitor; for had this 
..... tbe CIl86 thcy would have cI08Cly r<'8Cmblcd M.('h 
., in all N'tII'I('('ts. Tlm~ the greater difficulty di&
..,.,.., I,~ving only the Il"IW'r yet 8till ~t dim • 
....,.: namely, by what graduftteoJ 81('p" tll.'IIU organs 
left an..n an.t been de"('loped in ell('h lleparate ... 
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The luminous orgnlls which occnr only in a row 
insectB, belonging to widely different families and 
orders, but whieh are situated in different parts of their 
bodies, offer fL difficulty almost exactly parallel with 
that of the electric organs. Other cnse8 could be gi,·enj 
for instance in plants, the very curious contrivance of 
a mass of pollen-groins, borne on a foowtulk with all 
adhesive gllUld, is apparently the sarno in Orchis and 
A.sclepins,-genero almost as remote as jg possible 
amongst flowering plnnts. In oJI these cases of two 
species, far removed from each other in the scnle 
of organisation, boing furnished with a similar ano
malous organ, it should be obsened that although tho 
general appearance and function of the organ may be 
identically the snmc, yct some fundamental difference 
between them eal\ always, or almost always, be detected. 
I all inclined to believe that, in the samo IllUliller as two 
UlOll h3vo sometimes indepelldeutly hit ou the sume 
invention, so natural selection, working for tho good of 
each being and taking advantage of analogous variations, 
has 80metimes modified in nearly tho same wny two 
organs in two organic beings, which owe hnt little of 
their stnwture ill common to inheritance from a common 
progenitor. 

Fritz Miiller, in 0. remarkable work rocently pub
lished, bns discussed 0. case llt"!arly parallel witl\ that 
of electric fishes, luminous insocts, &c.; he undertook 
the laborious examination of this case in order to test 
the views advallced by me in th.is volume. Several 
families of erusto.ceans include 0. few members which 
lIre fitted to Ijvo out of the water and llOSBe8.~ IIIl air. 
breathing apparatus. In two of these families, whieh 
were more especially examined by Muller, and which 
are nearly related to eo.ch other, the sJlecies agree most 
closely in all important chanI.Cters: namely in the 
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stnlctur(l of their SCllBe-Orgaus, in tllCir heart and system 
of circulation, in the position of e,·ery tuft of hair with 
which tlleir stomachs, eqnally complicated in both cases, 
are lined, nnd lastly in the wator-breathing brnnchim. 
even to the microscopical hooks by which they are 
cleansed. Ironeo it might hnve boen eXJlected from 
mere analogy tont the equally important nir-breathing 
apparatuil would have been the same in the few species 
in both families which are tllUS furnished; nnd t.h.iB 
might hAve been the more oonfidentlyexpected by those 
who believe ill the creation of esch sciXlrate species; 
for wIly HhouJd iJlis ouo apparatus, given for the snme 
special purpose to a few species which are so cJosely 
aimilar or mtJler identical in all other important points, 
lun-e been made to differ? 

Fritz l\[fliler then argued to himself that this close 
similarity in so mnny points of structure must, ill ac
cordance witll tbe views advanced by mo, be noconnted 
for by inheritnnce from a common progenitor. But 
18 the vMt majority of the species in the abe'"e two 
fa.mili~ as well as the main body of crustaceans of nil 
onIers, arc aquatic in their habits, it is improbable in 
the higllest degree, that their common progenitor should 
have been adapted for breathing air. Muller was thus 
led carefully to examine and dellOribe the apparatus in 
the few air-breathing species; and- in each he found it 
to diller in several important points, as in the position 
of the orifices, in the manner iu which they are openoo 
and closed, and in some nccessory dotnils. Now,oll the 
belicf that species belonging to dist.inct families, already 
differing in some ehn.ra.cteti!, and which whene'"er they 
Taried would probably have varied in different manners, 
have been slowly adapted through natural selection to 
liTe more and more out of water and to breathe the air, 
it is quite intclligible, aO(I might evell have been con-
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fidently expeeted, that the structural contrivances tlms 
acquired would in each case have materially differed. 
alhough sening for tbo same purpose. On the hypo
thesis of separate act.<! of creation tbe whole ('use must 
remain unintelligible, and we can only say, 80 it is. 
'L'his line of argument seems to have had great weight 
in leading Illis distinguisllcd DfttumliBt fully to accept 
the "iews maintained by me in this volume. 

In t110 scveral cases just disellssed, we have scen that 
ill beings morc or less remotely allied, the same end is 
gained and the sfllne function performed by organs in 
appcarilnce, though not in truth, closely similar. But 
tIle common rule throughout nature is tllat the same 
end is gained. even sometimes ill the ease of beings 
closely related to each otber, by tIle most diversified 
means. ITow differently constrncted is tho featheml 
wing of a bird and the membmlle-co,"ercd wing of a bat 
Witll all its fingers developed; and still more so the fOllr 
wings of a butterfly, the two wings of a fly, and the two 
of a beetle with their olytra. Biyalye slwlls llave ollly 
to open alld sllllt, but on what a number of patterns is 
tlle hillge constructed, from the long row of neatly in
terlocking teeth in a Kueula to tIm simple ligament of 
a )[ussol. Seeds arc disseminated by their minutellOl'.'I 
or by their capsulo being couyeried into a light balloon
like em'elope; or by being embedded in pulp or fle:;.h, 
formed of the most diverse parts, and rendered nutri· 
tious as well as conspicuously coloured, so as to attrnct 
and be devoured by birds; or by haying hooks and 
grnpnels of many kinds and serrated awns, so as to 
adhere to tho fur of quadrupeds; or by king furnished 
with wings and plumes. as diversified in shape M 

elegnnt in structure, so as ttl be wafted by olery b~7.e. 
] will gin~ one other instance; for the subject is worthy 
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o( reflection by thoee who are 1I0t. ablo to credit tllRt 
organiC' beillga have been fonned in many ways f,)r tho 
-.!te of mcre TlU"iety, like toys in a silOI). With plalla 
b..,ing Ik'paratOO 1K'Xe8, and with th'lIie in whi('b, though 
h.'rDiaphrodit('~, tho pollen doc. not spontaneoulily (an 
011 tho slig-mll, somo nid ill nccCIIIMlry for their (crtilirm
Lion, Wilh severol kinde this is eflceted by tho light 
and incoherent pollen-grains killg blo""ll by the .. illd 
tbruu~h mere challc-e on to the llij)"lIIa; and thi3 iI the 
liml'll..-t plan whil'b mn ""ell be eon('('i"l""N. ..\11 almO€t 
eqUAlly aimple, though "cry dilT~r('nt, plan ()(,(,U1'8 in 
DlIlny Ca8CII, ill which B symmetrical flower k'er('tcs a 
few dror- of nt'Clar, and is ('(Inlll'Qut'lltiy "il\ih.'lI by 
itllOt'u; and tbe.e carry the poll,'n from the Illiih{'rs to 
tM stigma. 

}'rom tlli. mmplo stlLbe we may pn8I through an in
eJ.haulltiblo II1lmlJcr o( contrivDnl'Cfl, all (or the flamo 
purpOAC nnd cfTcded in essentially lho MillO mOllller, 
bat entailing changes in elwy pnrt o( tho f1owf'r; with 
... n.'('"tar stored in "l""ariOl.hly .. barN I"N"(!I't.ad~ 
.-ith the ~meM and pi~till mudifi • .,j in many ny~, 
IUDll'ti!1I1l1 r .. nning trar .. like C'ODtrinln('"f.'"I\ and 8Om{'
timet! C'upal,l(' o( neatly &luptoo lIIOVt'mf'llll through 
initahiiity or elasticity, l'rom lIu('h IItru{'tut"{'IJ we lIIUY 
llil"&hC'E' till "'"0 c.,me to <q]('h 8n acme of IN'rfl'Cl &dapla.
..... &II 11I1i1 lotely been d('8('ribed by Dr. C'rU~."r ill the 
_ or C(.n'antli('L This orchi,) hM itJI Illh."lIl1m or 
_r lip b~lIo","OO out inlo 8 gtCRt bllcket, intf! which 
Uop. or nimost IJuro woter, 1I0t ll(ICtar, eontillllRlly ((Ill 
from two pcc.reting horns which eland 8001"0 it; uud 
.- till' bll"ket ii half full, the .. utl'r Oll:rOoWII b,' a 
.... on one .id~, The bual fll'rl o( the Jabrll~m 
~ O\"('r tbfO' lrul'ket, aDd i.t it.·lf b"IlQWOO out into 
• -' (J( CMmbt'r ",-itb t .. O loteral entrRn.'"(~, lIithill 
wIieh and ouhide there are 80me curiulll flcehy ridges. 
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Tho moat ingenious man, if ho lu\d not witnessed what 
takes place, could never hM'C imagined ..... llDt IlUrp080 
all these JlftlU sen·ad. But Dr. Criiger saw cro ..... ds of 
large Immble·bees visiting tho gigantic flo ..... ers of this 
orehid in the early morning, and they came, not to suck 
nectar, but to gnaw ofT the r idges above Ule bucket; ill 
doing this they frequently pushed each other into thc 
bucket, and thus their willg'll ..... ere ..... etted, 80 that they 
could not fly out, but had to crawl out through the pns
sage formed by tbe spout or overflow. Dr. Cnlger hIlS 
seen a "continual procession" of bees thus cmwling out 
of their involuntary bath. Tho passage is narrow,aml i~ 
roofed over by the column, 80 tbat a boo, in forcing its 
way out, first rubs its back against the ,'iscid stigma 
and then against the "iseid glands of the pollell-ma..sse8. 
'l'bo polien-mllS8e8 are thu.s glued to the back of the 
bee which first happens to crawl through tbo passage of 
a lately expanded flower, and nre thus carried away. 
Dr. Criiger seut me lL flower in spirits of wine, with a 
bee which he had killed before it had quite crowled out 
of the ptUI8I\ge with a pollen.mass fasteuro to its back. 
When the bee, thus provided, flies to another floll'er, or 
to the same flOll'er a fICCOnd time, and is pushed by ill 
comrades into the bucket and then crawls out by tbe pas
sage, tho pollen-ma.ss necessarily comes first into contact 
with the viscid stigma, and adheres to it, and the flower 
is fertilised. Now at IMt we 1100 the full u.se of the 
water-secreting horns, of tho bucket with its spout, and 
of the shape or O\'ery part of tho flower! 'L'ho con
structiou or the flower of another closely allied orchid, 
namely Catasctum, is widely different, tllough sening 
the sarno end; and iii equally curious. Bees vi.-;it Ibi! 
flower, 8.8 in the CftSC of tho (A)ryanthes, in order to 
gnaw the Inbcllum; in doing this they incyitably touch 
a long, tapering, sensitil'o projection, or, IlS I have caUed 
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it, antennn. The antenna being touched t't\lt&CI a certain 
membrane to rupture through itB Olm irritability, and 
this .·ta free a 'Pring by which tho Pflllen-UlMl ill shot 
f"rlb, like an arrow, in the right dirl!Ctiuo, and adll<'re8 
by its ,'i~id extremity to the OOck of tllo bee. 'fhe 
)Iollen-mlWl is thus carried to nnother /lower, where it 
it brought into rontact with the flti~na. which ill "iscid 
('nungh to break c<.'rtain elastic tlu'Cada, and to retain 
tlte pollcn-1Il&S8, lfhich then pcrformtl iu office of fer
tililatiun. 

How, it may be all.ked, in the foregoing and in inno
meNlblo other nnd similar msefI, can we understand the 
eau.;e of sueh a wide scale of oompl(;xity and or such 
multifarious means for gaining the I8me cml, both in the 
CUt· of forms widely remote from each otllPr in affiuity, 
an.1 with forms 110 closely allied 118 are tlle two orchids 
lut described? It wall shown, when wo di"CulSSCd tho 
air-brcntldng appuratUli of ccrtain entllUtC<!(I11B, thnt tho 
prot'C!!8 of adaptation for any pnrpose may start from "0 or more forOlS already ditTe-ring from ca,·h other to 
a (OD!illlcml'le degree. aoo that in aimOliI all C8.0t.1J the 
_hire of the nriability, on whif'h naturalleit'dion bas 
10 1rork, will '* different; oouseqUl:utiy, the final struc
tu", gained through naturoJ. selection, thongh seniug 
b tb,' .me purjKl8e, will be ditTcront. We must also 
bear in mind tllat every well..developed organism has 
alreaoly I~~·d through 8 10llg course of wodifirotion; 
aDd that each modified structure tCIl{i. 10 be illherited, 
.:) th,]t it will lIot rendily be 10111, but Illay be modified 
apin anti again. li enee the structure of each part of 
-..b -J),.·.·ies, for whatever purpose wed, will be the BUm 
-'&be many inherited ebaIlo'"'CII, through whi.·h that sIX"" 
.. baa JlClfIIk'd during its BU~ive adaptatiOllll to 
tI.bged Labita and couditions of life. 

Finally thcn, Although in mnny CIlIICS it i.e most 
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difficult to conjecture by what transitions organs have 
arrhoed at their present stale; yet, considering that tIle 
proportion of living and known forms is very small com
pared with the extinct and unI..-nown fonus, I have b...~n 
astonished how rorely an organ can be named, towards 
which no tmnsitional grade is known to lead. It cer
tainly is true, that new organs "ery rarely or never sud
denly appear in any class, as if created for some special 
purpose; as indf.'OO is shown by that old, bllt somewhat 
exaggemtcd, cunoll in natural history of "N atum non 
faeit snltum." 'Ve meet with this admission in tIle 
writings of almost C"cry cxperienced llaturillist; ruI 

:arilne Edwards has well expreo:sed it, Nature is prodigal 
ill Yaricty, but niggnrd in inuomtiou. "'hy, on tlio 
thcory of Creation, should there be 80 much mriely 
and so little novclty? Why 8110uld all the ports and 
orgaus of many independent beings, each supposed to 
haye been seporutely created for its proper place in 
nature, be so commonly linkcd together by graduutoo 
step!!? Why should not Nature take 0. sudden lenp 
from structure to .structure? On the theory of llntuml 
selection, we can clearly understand why she should 
not; for natuml seloction acts only by tfLking admntage 
of slight successive variations; slle can never take n 
sudden leap. but nUl:;t MIl'fLnoo by short and sure though 
slow steps. 

Orgon8 of little appartllt Imp(Jrtan~. as affecttfZ hy 
Natural Sekctiun. 

As Datuml selection acta by life and death.-oy the 
preservation of iudiriduals with any fo,'ournblc mria· 
liou, and by the destruction of those with allY unfnronr. 
able dm-iatiOll of stmctut<',-I have sometimes felt 
much difficulty in understanding thd origin of simple 

Rl Th r f h rl ~ r i lin 



Cur. VI. AFFECl"ED BY NATURAL SELECTIOS. 233 

part;o, of \\hieh tIle importance docs not 8e01n Imfficient 
to cau..'16 the preservation of snceees:i\-cly varying indi
yi.illaliJ. 1 have IIOmetimes fcit. as IIIlIch dimculty, 
though of a ,-ery different kind, on this ht'a(l, as in the 
case of lUI organ as perfect and complex lUI the eye. 

In tIle finot placc, we are much too ignortLnt in regard 
to the whole economy of anyone organic being, to say 
."hat slight. modifications would bo or importance or not. 
I n It fomler chapter I ha,·e gh·en instance! of most 
trifling characters, weh as the down on fruit and the 
ClOlonr or i18 flt'8.h, the colQur of the lkin and hair of 
quadrnl)C(ls, which, from being correlated with ronsli
tutinnal diffdenccs or from detennining the attacks of 
iDIIecu, might assuredly be acted em Ly natural selection. 
The tail of the girafftl looks like an artifi,·ially con
IItructed fly-Jlapper; aud it seems at first incrcdible that 
thij conld haH) been adapted for its present i>urpoc!C by 
m'· ... essiv(l Ilig-lit modifications, ellch better and better, 
lor 80 trifling an object lIS driving away flies; yet we 
Ibould POUl18 before being too posith-e e,-en in thie ClI8e, 

lor .. e know that the distribution and existeut'O of cattle 
aDd other animals in South America ab.iolutcly depend 
GIl their power of resisting the attacks of insects: 80 
IbM individuals which could by allY meanll defcnd them
"'(18 rrom these small encmh:!8, would be ablc to rauge 
iato DCW pastur«! and thus gain a great advantage. It 
II DOt that the larger quadrupeds are actually delltroyed 
(euept in !kline rare cases) hy flies, but they nrc inees
.. lly harfUlSCd and thcir strength reduced, 80 that they 
are more subject to disease, or not 80 well enabled in 
a CIObling doorth to search for food, or to etlC8pe from 
..... of Jlrey. 

Organa now of trifling importance buc prob&bly in 
~ CMeII OC'e1i of high inlportanco to an early pro
~, and, arter ha\'ing been Ilowly perfected at a 
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former period, luwe been tmnsmitted in lIearly the SlIme 
state, although now become of yery slight use; and 
any actually injuriollil dC\'iatiollil in their structure will 
always have been checked by natural selection. Seeing 
how importilnt an orgau of locomotiou the tail is in 
mOl!t aquatic animals, its general presence and use for 
many purp0!K!8 in SO Illany land animals, which in their 
lungs or modified swimbladders hetmy their aquatic 
origin, may perhap8 be thus accounted for. A well
developed tail hal'ing been formed in an aquatic animal, 
it might subsequently como. to be worked in for all sorts 
of }lUrposeS. IlS a fiy.flapper, on organ of prehellsion, or 
as on aid in tuming, as with the dog, tllOllgh the aid 
must be slight, for the bare, with hardly any tail, can 
double quickly enough. 

In tho second place, we may sometimes attribute 
importllnee to characters which arc really of very littlo 
importance, aud which have originated from quite 
secondary cause8, independently of natural selection. 
We should remember that climate, food. &c., probo.bly 
hal'e 80me little direct iufluenoo on the organisation; 
that characters reappear from tbe law of rel'en.ion ; that 
correlation of growth will have bod a most important 
influence ill modifying various structures; and finally. 
that sexual selectioll will often ha,'e hugely modified the 
external characten of animals baring tL will, to give 
one male an ad\'an~"6 in fighting with another or in 
charming tlle females. MOnlOl'er, when tL mooification 
of structure has IJriwnrily arisen from tho above or other 
unknown callSCf!, itmay at first hal'o been of no advantage 
to tho BpeciCS, but may I!llbscqucntly hal'e been taken 
adl'ontago of by the d880endanu of the species under 
new oonditioU8 of life and with newly acquired habits. 

'1'0 give n few instanC'Cll to illustrate these latter ,. 
marks. If green woodpeckcl1l alone had existed, and 
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we did not know that there were IDllny black Ilnd pied 
kind.~ J dare .y that we should hno t.hought that the 
grt.'t'u colour was a be..utiful adaptation to hid", this 
In'e-fn:-quenting bird from ilB t'nemiee; and conse
quentl)' that it was a character of importauce and might 
ba,-o been acq\li~ through natural IlOlection i lUI it is, 
TiO Cal\l1ot doubt that tho colonr is duo to !IOmo quito 
di.tilltt cause, probably to lJeXulil aelection_ A troiling 
palm in the Malay Art"bipelago e1imbR tbe loftiest trees 
Ly the aid or exquisitely OODIItruetoo boob clustered 
around the ends of the bmnchC'!\ and lhiI contri1"ance, 
00 doubt, is of the bigheat 8l'n-icc to the 1111l1lt; but as 
we 8e6 nearly similar hooks on II1any tre<'fJ which are 
D .. t climbe .... the boob on the l)ftim may hal-e arisen 
from uuknown Jaws of gro,.,-th, and ha,-e been mbse
q ... 'utly taken ad\lUltage of by the plant undergoing 
further modi/ltntion and becoming a climber_ 'fhe 
laked .kin ou tho head of a vulture ia g'Cnerally cou
lidercd nil adirt'Ct adaptation for wallowing ill putridity; 
and 80 it lllay be, or it may Jx.ibly be duo to the 
dinx1. ..... tiull of putrid matlPr j Lut .. -e ehould be ,-cry 
eautioUI in dra .. -ing any such inference, ,.,-ben we aee 
dIM the ILin on the hood of t.he clean-feeding male 
lurkey iI HkewilO naked. The IUltlt'e8 in the 8kulls 
G young mammals hal-e been aJvanced 8.!1 a beautiful 
","atifln for aiding parturition, anJ 110 doubt they 
'-eilitatc. or may be iudispen8llble for this act; but &8 

MIhlJe$ occur in the skulla of young birds Rnd reptilee, 
.hk-h have only to e8Ctlpe from a broken eg::r. we may 
iDler thnt lhil atrllctllre hIlS nril('n from tho lnws of 
powth, and 11118 be<!n taken advantab"e of ill the pe.r
a.ritiuu ()f the higher animal&. 

We ~ profoundly ignorant of the C8ll11ft producing 
"'lat aoo unimportant mriatiunl; and we are imme
... 1,. wade CODlI('ioUll of this by reftectfng on the 



236 OROA.'\"S OJ' LITTLE llIPQRTA...,\"CF.. au .• , n 

diff(>r(>nCi!fl in the breeds of our dOIU<'lItielltt.'<i animals ill 
dift'erent oollutrics,-moro <'lIpccilllly in the lea ci"iliJ;(!(1 
countries where there Ilu beeu but little arti6cial selec
tion. Animals kept by 88'fBgetJ in difl'erent conntries 
orten have to 8truf.'f;lo for their OInt sut..:istence, and 
would be eXrntl'<i to a certain extent to Datuml setc<!
tiOIl, aud illdh'iduals with slightly different oollStitutions 
\\ould 8U<'et..oo 1>... .. t uuder different climates. A good 
obecn'er states tllat in cattle sllllCeJltibility to tile at· 
tach of flies ill oorrelated with colour, as is the liability 
to be poi:;onl.J by ~rtain plants; 110 tllat el-en colour 
would be thu8 subjt.«'ted to tile action of natllmt IIC

lection. Other ob""n'(>fII are convinced that a damp 
climate affectAI tbe gro"1h of the hair, and tllat with til" 
hair the horm are eond.ated. Mountain bh..>eti8 always 
differ from lowland breeds; and a mouutainOllil country 
wOllld probnbly affl'et the hind limbe from exercising 
them more, and posiIibly even tho form of the pelvis; 
and then by the law of homologous 'o'8riation, the !'rout 
limbs and the head would Ilrooobty be .ff«ted. 'fhe 
IIhape, a1I1O, of the l)Ctvis might aff'-'Ct by l'rei!SUre tbe 
I>hape of the head of the yonng in the womb. 'fhe 
laborious breathing necessnry in high rcgioll.l! woultl, 
wo have somo rCtl&01I to bolic"c, increase tho sizo or 
tho cllest; and again correlation would come iuto play. 
'1'ho effectB ou tho ",hole organisnlinn or Ic_ 'ned eXer
cise 'lith abundant food is probably still more import.
fllll; aod this, &iJ H. von XathU3iu~ hulatcty shown in 
Ilis e:xccllent l'n..'fl.tilte, is apparently one chief cause of 
the great modification which the bre<!ds or "wine ha,'o 
llllderh"Oue. Bul we are rar too ignorant to speculate 
011 the relative importance or tJle I16veral known and 
lUlknown la"1J of variation; and I luwe here alluded to 
them ouly to bhow tll.Ilt, if we are unaWe 10 account for 
tlle ehamct.cri.!ltic differeuces of our domC!t;lic breeds, 
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which nevertheless we generally admit to ham arisen 
throngh ordinary genemtion, we ought not to lay too 
much streS3 on our ignorance of tho precise causo of 
the slight analogous differences betwoon species. I 
might ha\'e adduced for this snmo purpose tho differ
ences between the races of man, which are so strongly 
marked; I may add that somo littlo light c~n appa
rently he thrown on the origin of tllese differences, 
chiefly through sexual selection of a paJ,:ticulflt kind, 
bllt withont here entering on copious details my rensou
iug would appear frivolous. 

~'/ilitarian IJoqtrine hQI/} far true: BcautlJ l/Ow acquired. 
The foregoing remarks lead me to say 0. few words 

ou the protl'l't lately mnde by some naturalists, ~noainst 
the utilitariau doctrino tllll.t every detail of structure 
has Peen prodllced for the good of ite possessor. ~'hey 
helieve that very many structures hnve been created 
(or beauty in the eyee of man, or, 8S already mentioned 
IJld disculilled, for the snke of lllete variety. Such doc
trinee, if true, would be absolntely fatnl to my theory. 
Yet I fully admit that many structures are of no direet 
use to their possesaors. Physical conditiOll8 probably 
hn\'e had SOUlO little direct effect on structure, quite 
independently of any good thus gained. Correlation 
of growth no doubt has largely come into action, and 
8 useful modification of one part has often entailed 
on oUler parte changes of structure or no direct usc. 
&l again charneters which formerly were llscful, or 
whieh formerly had Ill'isen from ooncl::Ltion of g!'Owth, 
or rrom other unknown cnuses. may tCllppear from the 
law of re\'ersion, though now of 110 direct use. But by 
far the most importnnt consideration is that the chief 
part of the orgnnisntion of every being is simply due 
to inheritance; and consequently, tliough' eneh being 
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n~un.xlly is well fitted for ita plnee in natuN-', Illnll~' 
Itrncturel now hAve no direct relation to the habit. of 
lifo of each !}If'Ciee. Thus, we can banlly beli""e that 
the wel>Ot,d r.'Ct of the upland goose or of tb~ fri~t.t.'
bird are of 1[\eCial UBe to these birdl; lie cannot Lelien~ 
that tho s.imilar honea ill the arm of the monkey, in 
tile fom-Ieg of tllo honte, ill tho wUlg of the bat, and 
in tb" niwor of the aea.1, are of special UIM! to tbe.-· 
anima'" We may .fely attribute thfl6e ruurtU11!8 to 
iohcritao('('. But to the progenitor of the upland ~ 
and of the- frigate-biNI, wobbed feet no doubt were 1\1 

useful as tlloy uow nro to tho most aquatio of oxisting 
binl~ So wo mny believe that the progenitor of th'l 
aeaJ had not a ruppel', but a foot with five toee fitted 
for walking or gra..;ping; and we may further n_-'Iltll~ 
to believe that the ee,'era] wnl'S in the loot. of tht> 
monkoy, hOrBe, nnd bat, whieh ba,·o I.-ocen inherited from 
a common progenitor, were formerly of more special use 
to that progenitor, or its progenitors, than they now are 
to thoM animata haloing meb widely dh-ersilied hal.oita. 
Therefore we may infer that thOlO 8e"eral bones might 
ha,'t! bt.tn arquired through naturalldection, lubj.·,·ted 
fonnerly, M now, to the so"emlln," of inhe.ritnn~, re
version, correlnlion of growth, &c. lIenoo every dchul 
of IItructure in e"ery living creature (making 801M little 
Ill0waOl'e rnr the direct action of phyllical ooudiliOlll) 
may be vi('wed, either as baying been of special ~ to 
IOmc aJ1N>,,<tra! form, or lUI being now of IIpecial ..., 
to the dCIICCndnntB of this form--either directly, or 
indir('(lUy through the complcx laws of growth. 

With retlpect to the "iew that organic beings ha". 
been ereatt'd beaulifu1 for the dclight of man,--e. view 
which it baa lawly been pronounced may .utc'ly he 
aocepted 811 true, and M lIubversive of my whole theory. 
- 1 mo.y first remark thnt tbe idea of the beauty of an1 
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particular obj>ct ob,-iouslydcpends on the mind of man, 
im'IIJK"Cth'o of any real quality in tho adfllif\...J object; 
and that tile idea is not an innate and una1terable 
t'k'ml'lIt in the mind. We IlOO this in men or dill'erent 
I"ICt'S admiring all entirely different stando.rd of beauty 
in their wOlllcn; neither tho Negro nor tho Cbineso 
admires tho Caucasian beau·ideal. 'fllo idel!. 1100 of 
bee.uty ill natural scenery h8.'l arilJ('n only "itbin modern 
times, On tho "iew of beautiful objects haloing been 
cn.'t.tud ror man's gratifiootiou, it ought to bo shown 
o.t th .. re ""8.'1 loss beauty on tho filC'O of, the earth 
before llIan appeared than sin('(l ho CIUno on 11,0 stage, 
Were the beautiful mlute and oono IIhel18 of tho Eorene 
t'pO('h, and the gracefully sculptun..>d ammonitetl of the 
8ec!vndary l)eriod, created that mall might ages after
nrd!l B(lmire them in his cabinet? Few objOCld are 
Dlro bcautirul thBn the miuute I!iliC(!()lI.!1 CB8l'1I of the 
diatOnlaccru; were theso created thnt thoy might be 
eDUllllcd and I\dmirod under the higher ]Iowen of the 
akroacope? Tile beauty in this latter CBII(!, and in 
-any oth.!rB, is apparently whl)lly duo to lIymmetry 
Ii gru\\ tb, l'lowcrs rank amonS"t tho lII06t beautiful 
pOO.u('tions or nature; and they ha,'e bel'Omo through 
.. tural 8\!1cct.ion beautiful, or nlthcr oolllll,licllOll8 in 
ODIltrast with the grecnnCki of tile (CIlVN, that they 
aigbt he eMily obllerved aud ,·i .. itod by iU8eCta, 80 that 
daeir fertililliltion might he fa,·ourod. I ba,'e come to 
tU. conclusion from finding it an invariablo rulo that 
when a flowcr is fertilised by the wind it novcr liM a 
pily-coIOtlrl>d corolla. Again, 8Ol'cml plautE! habitu
.oJ produoo two .kinds of flow-ora; ono kind open and 
eaIoarOO 110 all 00 attraet insectll; tho other c1oecd. and 
.. colou.rod, d~"lItitute of nectar, and ne,'er visited by 
iIIecta. We may safely oondude that, if i~ had 
... er e1iated on the face of tho earth, tho n~gctatioD 
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would uot havo been decked with beautiful flowcrs, but 
would htwe produced ouly such p<M)r flowers as ore now 
borne by our firs, ooka, nut and a:;h trees, by the grosses, 
by lpinach, docks, and nettles. A similar line of argu
ment holds good "'"1th the many kinds of beautiful fruits; 
that n ripe strawberry or cherry is as pleasing to the eye 
ns to the palate, thnt the .goily-coloured. fruit of the 
Rpindlo-wood tree and the scurlct berries of the holly 
are beautiful objects, will be admilte<l by e\'ery one. 
But tllis brouty serves merely os a guido to birds oud 
beostil. that tllO fmit may be dO"oured and the seeds 
thus ru.sl!cminated: I infer that this is the cose from 
ho\'ing £IS yet found in c"ery instance that seew, which 
are eml.xldded within IL fruit of ouy kind, tbot is within 
fI fleshy or pulpy envelope, if it be coloured of auy 
bri\li!wt tint, or merely rendered conJ!lpicuous by being 
coloured white or black, are f1lwoys disseminated by 
being first devoured. 

On the other hand, I willingly admit tlmt a peat 
Illimber of male animals, as all our most gorgeous birda, 
certainly !lOmo fishes, perhapll some maIDmali!, and a 
ho~t of magnificently coloured butterflies and 8011leother 
inseets, htwe been rendered. beantiful for beauty's sake; 
but this has been effected not for the delight of man, 
but through sexual selection. that is from the more 
bPauliful males luwing been continually preferred by 
their lc;;.s ornamented females. So it is with the mulOic 
of bird!!. Wo may infer from all this that a ~iUlilar 
toste for beautiful colours aud for Illusical BQullds mne 
through a largo part of the animal kingdom. When 
the femalo is 8S beautifully coloured 118 the malc, which 
is not mraly the case with birds and butterfliC!l, the 
cause simply lies in tho colours acquired through sexual 
selection ba\·jng been inllcritcd by both sexell, instead 
of by tho moles alolle. We can sometimes IJlaiuly see 
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the proximate cause of the transmission of ornaments to 
the ruale8 alolle; for a pea.hen with the long tail of the 
male bird would be badly fitted to !it on her eggs, and 
a coal-black female capercailzie would be far more oon
spicuous on her nest and more exposed to danger than 
in her preSQut modest attire. 

Natural selection cannot possibly produoo any modi
fication in anyone species exclusively for the good oC 
anotber species; though throughout nature one speeies 
inCCMBntly takes aclvlUltage of, aud profits by, the stru~ 
lure of another. But natural selection call and does 
oRen produce structures for Ule direct injury of other 
~J1eciea, 88 we S(!O in tbe fang of the adder, aud in the 
oril)()6itor of the ichneumon, by which ita eggs are dcpo
~itcd in the H,·ing bodies of othcr insects. If it could 
be pro,·cd that any part of the stnlcturc Of any ODe 

~pecicB bad been formed for tbe cxclus1,·e good of an
other spccics, it would annihilate my theory, for such 
('Quid not have bedl produced through natural selection. 
Although many statements may 00 found iu works on 
natural history to this effect, I caunot find c,·cn one 
whi~b IICCDlIJ to me of Illly weight. It is admitted that 
the rattlesnake has 8 poilJOn-fang for its own defence 
and for the destruction of its prey; but some authors 
IJUI'JI06C t hat at the same time this snake .is furnished 
with a rattle for its own injury, namely, to warn its 
prey to escape. I would almo..-t. as soon believe that the 
cat curls the end of itB tail when preparing to spring, 
iu onlcr to warn the doomed moilS(). But I hnxe not 
_pace here to entcr on this aud other such cases. 

Xatural selection wiU ne,·cr produce in a being aoy
lhing injurious te itself, for oatum1 selection acts solely 
by and for the good of each. No organ will be fonned • 
• I\Jcy luts remarked. for the purpose or cau.sing pain 
or Cur doing au injury to its llO&iC:S.1lOr. II a fair bolanoo 
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be struck betwoon the good and evil C8.used by each 
part, each will be found on the whole advantagoom. 
After tho lapse of timo, under changing conditions of 
life, if any part comee to be injurious, it will be modi
fied; or if it be not eo, the being will become extinct, 
as myriadB have become extinct. 

Natnral se-Iection tends only to make CRCh organic 
being as perfect 88, or slightly more perfec~ than, the 
other inhabitants of the same country with which it 
has to struggle for existeuce. And wo see that this 
is tho degree of perfection attained under nature. 'fhe 
endemic productiollil of Ncw Zealan<~ for instauce, are 
perfect ono oomparod with another; hut they are now 
rapidly yieldiDg berom tho advancing legions of plants 
alld animals introduced from Europe. Natural selection 
will not IlroduC6 abeoluto perfection, nor do we always 
meet, 8S far as we cau judge, with this high siandard 
under nature. ~'bocorrection for tbe aberration of light 
is ll8id by Millier not to be perfect o,'ou in that most 
perfect organ, the human eye. If our rctUIOD leads us 
to admire with enUlUsiasm a multitude of inimitable 
contrivances in nature, this same J'OO!IOIl tells us, though 
we may easily err Oil both sides, that IIOme other con
trivauoeil are lCS9 perfect. Can we collsider the stiug 
of the bee as perfect, which, when used agnin.st many 
attacking animals, cannot be withdrawn, owing to tho 
be.ckwaro serrature9, and 80 inevitably C8.1.l8C8 the death 
of the insect by teariug out its viscera.? 

If we look at tho lI1ing of the boo, 8.11 having origin
ally existed in a remote progenitor 8.11 a boring and 
sormted instrument, like that in 90 many members of 
tho same great order, and which has boon modified but 
1I0t perfected for its llrcscnt purpose, with the poisoll 
originally adapted for some purposc, such as to produce 
galls, subsequently iutensified, we can perhaps under-
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stand how it is that the use of the sting should so often 
cause the insect's own death: for if on the whole the 
power of stinging be usc.ful to the sooial community, 
it will fulfil all the requirements of natural selection, 
though it may cause the death o( some few members. 
If we admire the truly wonderful power of scent by 
which the males of many insects find their females, can 
we admire the production for thiB slngle purpose of 
thousands of drones, whkh are utwrly useless to the 
community for any other end, and which are ultimately 
slaughtered by their industriom and sterile sistel's? It 
may be difficult, but we ought to admire the snnge 
instincti\'e hatred of the queen-bee, which urges her to 
destroy the yo\mg queens her daughwrs as soon as 
born, or to perish herself in the combat; for undoubt~ 
cd1y this is for the good of the community'; and mn
ternal love or maternal hatred, though the latter fortu
nately is most rare, is all the same to tho inexoroblo 
principlc of natural selection. If wc admirc tho several 
ingenious contrivances, by which orchids and many 
otller lllants are fertilised through insect agency, can 
"\fO consider as equally perfect tho elaboration of dense 
clouds of pollcn by our fir-trees, SO that 0. fow granules 
may he wafted by a chance breeze on to tho ovules? 

Summarll: fl,e Law of Unity of TJ/pe and qf tne OQn-
ditiom of EXUUIIU embraced by the T/teOTlI of Natural 
&lectUm. 
We have in tius chapwr discussed some of tho diffi

culties and objections which may be urged against my 
thoory. Many of them are very seriOIl.9; bllt I think 
that in the discussion light bas been thrown on several 
facts, which 011 the thoory of independent acts of cro
ation are utterly obscure. We ha\'o seen tbat specie~ 
at any ono period are not indefinitely 'rariable, and are 
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not linked together by a multitude of intermediate 
gradations, partly becauBO the process of natural selec
tion will always be Tcry slow, and will act. at anyone 
time, only on a few fonns; and partly becaU30 the very 
process of natural selootion almost impHes the contiuU(l.1 
supplflnting: and extinction of precoding and illtcrmediate 
gradatioll9. Closely allicd species, llOW living on a con
tiUUOtl5 area, must often haTe been fonned when tlle 
area was not continuow, and when the oonditiolls of 
lifo did not inseruribly grndUlI.te away from one part to 
another. "'hen two varieties lU'e formed in two dis
tricts of a contiuuous area, an intcrmedulto variety will 
oft.cll be formed, fitted for an intermediato zono; but 
from reasons assigned, the illtennediato 'Variety will 
usually exist in _lesacf numbers than tho . two fonns 
which it connects; consequently the two latter, during 
tho course of further modification, from existing in 
g!'('atcr numoors, will llave a great advlUltllge ovO!' tho 

.IC8.i numerous intennediat.e Tariety, and will thus gene
mIly rncceed in supplanting and exterminating it. 

We hM'o seen in this chapter how cautious we should 
be in concluding that the most dirrerent habits of life 
could not graduate into each othor; tbat !I. bat, for 
instance, could not have been formed by llatlll'11.1 selec
tion from nn animal which at first could only glide 
through tho air. 

We haTe seen tllat a species may under new condi
tions of life change ita habits, or have diversified habita, 
with BOmo habita very unlike those of its noarest con
gonors. Henoo we call understand, bearing in mind 
that each organic beiug iB trying to live wherever it 
can lire, how it has arisen tbat there aro uplnnd gccsa 
with webbed feet, ground woodpeckers, diving tbru.-.hC8, 
and petrels with the habits of auks. 

.Allhough the oolief that an organ BO pOl-fect a8 the 
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eye could hal'e been fonned by natural selection, is 
more than enough to stagger any ono; yot in tho ClU!O 

of any organ, if we know of a long series of gradations 
ill complexity, ench good for its po88C88Or, then, under 
changing conditions of life, there is no logieR! impossi
bility in the acquirement of auy concci,'able degree of 
p<>rfcetion through natural selection. In tho ca.&e8 in 
which we know of no intermediate or transitional states, 
we shonld be l'ery cautious in conclnding that uone have 
existed, for the homologies of many organs and their 
intermediate state8 show what wonderful metamorphoses 
io function ure at leMt possible, }~or illlltance, a swim
l1IA1Mf'r has apparently boon con,'erted into an air
breathing lung, The MOle organ ha"ing performed 
simultaneously "ery different functiolLs, nnd then having 
hct>n ill part or in whole spec~lised for one function; 
and two distinct organs having performed at the same 
time the same fUliction, the one having been perfected 
whil~t aided by the other, must often ha,'o largely facio 
litated transitions. 

We have seen in two beings widely remota from each 
otht-r in the natural scale, that an organ 8ening in both 
tot"the same purposo and appearing closely similar may 
have been separately and indepcndenlly formed; bllt 
wm'n such organs nrc closely examinl!<l, essential differ
enct.'8 in their structure can alm06t alway. be detected ; 
.00. this naturally follow8 from the principle of natuml 
eeIl'<'lion. On the other hand, the common rule through. 
oat nature is infinite di,'ersity of structure for gaining 
~ aame end; and this again naturally follows on the 
amp gn::at principle. 

In almost el'ery case we are far too ignorant to be 
eaabkod to o.&:!Crt that any part or or&'lln is SO unim· 
portant for the welfare of a species, tlult modifications 
.. it. I!trncture could not bare been slowly accumulated 

- The ComDlptp Wor!< of Charles Dsrwill Online 



2-,16 CHJ.P. \'1. 

by means of naturalllClootion. But we may confidently 
beJie'l'o that many modifications, wholly due to the laws 
of growth, and at fim in I1t) way ad'i"8ntageous to a 
!p6cies, havo been 8l1beequently taken advantage of by 
the still further modified descendants of this species. 
We may, also, believe that a part formerly of high im· 
portance has often been retailJoo (as the tail of an 
aquatic animal by its terreatrial deecendantl), though it 
has become of IImeh Imall importance that it could not, 
in its present state, have been acquired by natural 
eelection,-a power which acts solely by the preserva
tion of profitable variations in the struggle for life. 

Natural eelootion will produce nothing in ono spcciCt!l 
for the exclush'e good or injury of another; though it 
may well produce parts, organs, and e:s:eretions highly 
U8cl'ul or even indispensable, or highly injurious to 
another spccies, but in al1 cases at the same time useful 
to the owner. Natural selection in efteb well·stocked 
country must act chiefly through the competition of 
the inhabitants one with another, and consequently will 
produce perfection, or strength ill tile battle for life, 
only according to the standard of that country. Hence 
tile inhabitants of one country, generalJy tbe smmler 
oue, often yield to the inhabitants of anotller and gene
rally larger country. For in the larger country there 
will have exi!ted more indhidua1a, and more diversified 
forms, and the competition will ha.e been severer, and 
thus the standard of perfection wiU have been rendered 
higher. Natural se.lection will not necessarily produce 
absolute perfection; nor, as far 88 we enn judge by our 
limited facultice, can abeolute perfection be everywhere 
found. 

On the theory of natural &election we can clearly 
understand the full meaning of that old canon in natural 
his.tory, "Natura non fucit saltum." '1'his cunOll, if."e 
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look only to the prescnt inhabitants of the world. is not 
strictly correct; but if we include all thoee of past times, 
whether known or not yet known, it mwt by my thoory 
be strictly true. 

It i, generally acknowledged that all organic beings 
have boon formed ou two great laws-Unity of Type, 
and tho Conditions of Eristence. Dy unity of type is 
mcaut that fundamental agreement in structure which 
we 800 in organic beings of the same class, aud which is 
quite iJldependeutof their hnbits of lifo. On my theory, 
unity of type i.a explained by unity of de8C(!nt. The 
expn!fi~ion of conditions of oxistence, eo often iJlBisted 
on by the iUlLStriOUlJ Cuvier, is ful1y embraced by the 
principle of natural selection. For natural selection 
acts by either now adapting the 'ffl.rying parl6 of each 
being to its orgo.nic and inorganic conditiOllfl of life; 
or by having adnpied thcm during long·post periods of 
timo! the adaptatioIls being aided in some co.se9 by U86 

and dilmsc, being slightly affected by UIO direct o.ction 
of tile external conditions of life, and being in aU CIlI:ieA 

IQhjected to the eeveml Jan of growth. lienee, in fact, 
the law of the Cooditiollfl of Ex10teuce is the higher 
la.; a. it includes, through the inheritance of former 
adaptations, that of Unity of Typo. 
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CIIAPTER VII. 

INSTINCT. 

Inatinc,- OOlIlparnbie with h&bil.t, but difl'erent in their aigin
IMlincb graduated-Aphide8 and aut.-Inslinctt variable
D..Imeeticinsunctl,tbelrorigin-N&turaiiwltincttlofthecuc:lr.oo, 
ostrich, and IlIIraaiti(l ~lave-makillg aub-l1ive-bee, ilt 
oe1l-lJUIlr.ing inalinct-Clulnget of instill(lt and liructum not 
~ly eimultanooua- Difficultil'll 00 the tbOOTy of tho 
NatW'&l. Selection of iDstinctt - Neuter ex .terilo inBeeu
Summary. 

TOE subject of instinct might have been worked into tho 
previous Cbllllters; but I have thOllght that it would be 
more convenient to treat tho subject 8<'pllrotcly, espe
ciallyas &0 wonderful 811 instinct lUI that of tho hive
boo making its cells will probably lu1\'o occurred to 
mllny readers, as 8. difficulty sufficient to overthrow my 
wholo tboory. I mUJJt premise, that I have nothing to 
do with the origin of the primary mental powers, any 
moro than I have with that of lifo itself. We are 
concerned only with tile diversities of iustinct and of 
the other mental qualities of animals within tJle same 
class. 

I will not attempt any definition of instinct. J t 
would be easy to show that severn! distinct mClltai 
n.ctiolls are commonly embraced by this tcrm; bllt every 
one understands what is meant, when it is said tbat in
stinct impels the cuckoo to migrate and to Jay her eggs 
in other birds' ncsts. An action, which we ourselves 
should require experience to enable liS to pcrfonn, wheu 
performed by an anima!, more especially by a ,·ery 
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young one, without any experience, nnd when performed 
by many individuals in the same way, without their 
knowing for what purJXl8C it is performed, is usunlly 
Mid to 00 instincti,·c. liut. I could 8bow that none of 
thcJ«l cha.rneters of instinct are universal. .A litUe dose, 
88 Picrre Huber expre&'lCfl it, of judgment or reason, 
(1ftI'll COIIICS into play, un·1I in alliwai8 "err low in the 
.eale ofnnture. 

Fredcrick envier and RevernJ of the older metaphy-
8idau8 11a"e compared instinct with habit. This com
poriJ;()n gi,·es, I think, 1\ remarkably nccumte notion of 
the frollle of mind under which au iustinCtive action is 
[l('rfOnllod, but not of ite origin. Hnw uncousciously 
mall)' habitual I\Clione are pcrfonned, indeed not rarely 
in direct opposition to our collllCious ,,·ill! yet they may 
lie modified by the will or reB.9Oll. TIabits easily become 
aasocinted. with other habits, and with certnitt periods of 
t imo Ilnd stlltes of the body. W hen onoo ilCquired, they 
(lrtcn remain constant throughont life. Scvernl other 
pront! of resemblanco between instincts and habita 
eoold be pointed out. All in repeating a well-known 
~lIg, 80 in instineta,on6 action follon another by a sort. 
of rhythm; if a pel"8OU 00 intelTUpted in a IOllg, or in 
n'[ll'ating anything hy rote, he is gcnemlly forced to go 
IlQ{'k to r('<xn'er the habitual traiu of thought: 80 P . 
Huber found it W88 with a caterpillar, which makes n 
'cry oomplicated hammock; for if be took a caterpillar 
whkh had complcted it! hammock up to, say, the sixth 
Rage (It construction, and put it into a hammock com
plett'<l up only to tho third stage, tho,caterpillar aimilly 
~llE'rtormed tho fourth, fifth, and sixth stages of oon
Itructioll. If, howo,·er, Do caterpillar wera taken ont of 
• hammock made up, tor illStallce, to the third stage, 
and wt·re put into oue flnished up to the sixth stage, 80 

that mud} of its work was already done tor it, far from 
u 3 

Th<l> ComDlete Work of Chartes Dar,",iJ1 Online 



250 lS'STL"cr. OU,I'. VII. 

fooling the benefit of this, it wae much embarra88C<l, aud, 
in order to complete ita hammock, teemed foreed to 
ltArt from the thinl stage. where it. had len. 08', and 
thUB tried to complete the already Brushed work. 

l( we suppose any habitual action to become inherited 
--and I think it. can be shown tllnt this docs IlOmetimes 
happen-then the reeemblance between what originally 
wu a habit and an instinct becomee &0 dOlO all not. 
to be distinguished. H Mozart, imteM of playing the 
pianofurte at three years old with wonderfully little 
pmclice, had played a tune with no prat'tioo at all, he 
might truly be Mid to have dOllo 80 instinctively. liut 
it would be the Dl08t scrioUB error to supposo that the 
greater number of instincts have bern aequired by habit. 
in one generation, and then transmitted by inheritance 
to lUoceoding generations. It eftn be doorly shown 
that. tho mOBt wonderful i~tin~ with which wo are 
acquainted, namely, thOllO of tho hh'o·boo and of llIany 
anti, could not poeaibly hal'e been sequired by hahit, 

It will be univena1ly admitted that irudinct8 arc M 
important as corporeal structure for tho welf'are of each 
IIJOCie!l, under i1l IJreAent conditiOJll of lifo. U nd('f 

changed conditionl of life, it il at least. poMible that 
slight modificationl of instinct might be profitable to a 
'pecies; and if it can be sbo,,'tl that instincta do vary 
ever .. little, then 1 can eee no difficulty in natural 
eelection prHe"ing and continually accumulating \"lri· 
Mions of inltioct. to any extent. that WlUI profitable, 1t 
is thus, M I believe, that all the .most complcx. and 
wonderful instincta have originated. As modifiCAti(lIl! 
of oorporeaJ IItruCture arise from, and are int'reued 
by. UBe or habit, and are diminbhed or l08t by di1ltae, .. 
I do not doubt it baa been with inlltincts. But! belic"'e 
that the effects: of habit am of quito subordinate im
portance to tho ctTocte of tho naturol selection of what 
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may be called aCcidental variations of inatinct8;_ 
that. iA of 't'llnatiOll.!l produced by tho I8.DlO unknown 
C8U8C8 which produce llight deviations of bodily stroo

'ure. 
No colDplex instinct can possibly be produced through 

nntum! 8Olection, except by tho &low and gradual accu
mulation of numerous, slight., yet profitable, variations. 
lIenee, as in tbe case of corporeal structures, we ought 
to find in nature, not the actual transitional gradationfJ 
by which eacb oomplex instinct has been acquired-for 
tbt'8e could be fuund only in tbo lineal aoOO8101'11 of each 
ipCCiee-but we ought to find in the collateral linet! of 
descent lOme evidence of such gradatiolll; or we ougM 
at le&!t to be able to show that gradatiolll of lOme kind 
are possible; aud t.h.U! we eertainly can do. I ba,'c be<-n 
IUI'Jlrised to find, making aUowance for the instincts of 
ao.imab having been but little observed excopt ill Europe 
and North America, and for no inst.illct being known 
amongst extinct species, how very generally gradations, 
te.d.illg to the mOlt eoml)le.x llistinct.!, can be disoovered. 
Changca of inatinct may 101l1etimet be facilitated by 
the .me apeciee having different instincts at different 
periuJ.a of life, or at different 8C88OllI of the year, or 
when placed under different circumstnnOO8, &c.; in 
which C886 either one or the othl:r instinct might be 
prett'rnd by natural selection. And such instances of 
divcnity of iu.stinct in the Bame spccict can be moWD 
10 oeeur in nature. 

Again, all in the case of corporeal structure, and COll

formably with my tboory, tho instinL',t of each species is 
pod for iL:lclf, but has never, as far as we can judge, 
IIeeD produC't!d for the exelllsh-e good. of others. One 
GI \he It:rcmgest instancee of an animal apparently per
bming aD action for the IOle good of another, 'Kith 
which J am acquainted, is that of aphidCII \'oluntarily 
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yielding, as WM first ob&ervod by JIuber, their sweet 
excretion to uta: that they do 80 l'"oluntarily, the fol
lowing facta shoW'. I remol'"od all the anti from a group 
of about a dO'U!n aphidet on a dock-Illant, and prevented 
thei r attendance during 8O'I'eral hours. After lhill inter
"al, I felt lure thnt the aphides would WAnt to excrete. 
I watched Uu>m for IJOm6 time through a lens, but not 
one excreted; I then tickled and stroked them with a 
hair in the .me manner, a8 well a8 I could, ". the ana 
do with their antennal; but not one excreted. After
wards I allowed an ant to visit them, and it immediate1y 
lOOmed, by ita eager way of nmnillg about, to be well 
aware what. rich flock it bad discol'"ered; it then began 
to play with itt antenn18 on the abdomen first of onc 
aphis and then of alloth('r; and~, 81 M:IOn IL!J it felt 
the antenne, immediately lifted up itl abdomen and 
exereted n. limpid droll of 8weet juice, which wna eagerly 
devoured by the ant. Even the quite young aphidel 
behaved in thie manner, 8howing that the action Wll8 
iD8tincth'c, and not the rettult of crperieDC'e. It ill cer
tain. from the obiervatiou of Huber, that the aphides 
.bow no dillolike to the anta: if the latter be not present, 
they are at last compelled to ejed their excretion. 
But Il8 tbe eJ:cretion is extremely viOi('id, it i8 llrobnbly 
Il con\'cnienoo to Ole aphidCl to have it J'fImoved j and 
therefore probably th.·y do not instincti'l'ely 6'{crete for 
the 80Ie good of the ant&. Although there is no 
ovidence that any animal perlortWJ an action for the 
cxe!tl8i'l'e good of another of a distinct lpecies, yet 
oach spociee tri .... to take IIth'anlage or the instincts or 
othcl'8, as each take. ad'l'llntage of Ole wceker bodily 
structure of otbel'll. So again, in 80JDe foW'CMCI,certain 
inatincta cannot be considered 8!1 abilolut('ly perfect; 
but a8 dclaiil on thill and other 8uch pointa are not 
indispensable, thcy may be here 1l8S5Cd O\'cr. 
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As some degree of variation in instincts under a state 
of nature, and the inheritance of such vnriatiollll, are 
indispensable for the nction of natuml selection, lUI 

many instances as poesiblo ought to be hero given; but 
want of Ilpe.ce prevents me. I can only IlMCrt, that 
instincts certainly do ,'arf-for instance, tlle migratory 
instinct, both in extent and direction, and in its total 
10M. So it is with tho nests of birds, which "ary pe.rtly 
in dependence on tho situations choscn, and on the 
nature nnd temperature of the country inlutt,ited, but 
often from CaU!lCS wholly unl.:llown to U8: Audubon has 
gh-cn several remarkablo cases of diffcrences in the 
nests of the 8I\me species iu the northern and southern 
l'nited State& Why, it hlUl been IUIked, if iu,,;tinct be 
"ariable, has it not granted to the bee .. the ability to use 
some other material wIlen wax was deficient?" But
what otber material could bees use? They will work 
with and usc,as I heL\'e seen, wax hardened witlnenlliiion 
and softened with lard. Andrew Knight obaened that 
hi.s bees, instead of laboriously collecting propolis, used 
a cement of wax and turpentine, with which he had 
l'O"ered decorticated trees. It has latcly boon shown 
thnt l>eCf!, instead of !!CaTChing flowen for tllrir pollen, 
1\"ill gladly use a. ,"cry different substanC<l, llamely, oat· 
menl. Fea.r of any particular encmy is certainly an 
illstincth'e quality, as may be Been iu nestling hirds, 
tllongh it is strengthened by experience, and by the 
8ight of fear of the same enemy il,l other animals. But 
fenr of man is slowly acqni~, lUI I ba"o elsewhere 
shown, by various animals inhabiting desert islands; 
and we may 8(!0 an instance of this, even in England, 
ill tho greuter wildneSll of all our largo birds than of 
our small hirds; for tho large birds l\two been most 
persecuted by mun. Wo may snfely auribute the 
gruater wildness of our largo birds to this cause j for in 

..i Tho; C.Jmolete won. of Chartas D¥\.- Ontine 



254 OHA1WES OF JJAIHT on INSTINCT CIu..P. VII. 

uninhabited islands large birds are not more fe-anul than 
small; and tho magpie, 80 wary in England, is tame in 
Korway, R8 is the hooded crow in Egypt. 

That tho general disposition of individuals of tho 
same SllCCies, bonl in a state of nature, is extremely 
dh-ersificd, can be ShOWll by a multitudo of facts. 
Several ca&CS, al80, could be giveu of ooeaaional and 
strange habits in ccrtain specjee, which might, if advan
tagooU8 to the species, givo risc, through natural seloo
tion, to quite ncw instincts. But I am well aware that 
these general statements, without facts gi\'en in detail, 
can produce but a feeble effoot on tho render's mind. 
I can only repeat my aasUriLncc, that I do not speak 
without good evidence. 

Inlier-ned Cliangt. of Habit. t1r Int(inct in Dome,ticaied 
Animau. 

'!'he possibility, or even probability, of inherited 
variations of instinct in a state of nature will be strength
ened by briefly considering 0. few cases under domesti
cation. We shall thus al80 be eno.blocl to 800 tho 
respecti\'e pnrts which habit and tho selection of so-called' 
accidental nriatiollB hal'o played in modifying tho 
mental qualitiea (If our domestic animals. .A. number 
of curious and authentic instances could be given (If tbo 
inheritance of all shadcs of disposition and tastes, and 
likewise of tlle oddest tricks, associated with certain 
framcil of mind or periods of time. But let U.I! look to 
the familiar C8iIO of Ihe several breeds of dogs: it can
not bo doubted that young pointers (I hilvo myself seen 
a. striking instance) will sometimes point Il.Ud e\'en ba.ek 
other dogs tho very ftrst time that they are taken out; 
retricving is certainly in some degree inherited by re
trim'ere; and a tendency to run round, iwltcnd of at, a 
flock of sheep, by abcl>hcrd-dogs. 1 cannot seo that 
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the~ actions, performed witllOut experience by the 
young, nnd in nenrly the snme manner by each iudi· 
vidual, performed with enger delight by each breed, and 
without. the cnd being known-for the young pointer 
can no more know that he points to aid bis master, tban 
the white butterfly knows why she lays her eggs on the 
leaf of the cabbago-I cannot 8e6 thnt these actions 
differ CfJJentinlly from true instincts. I f we were to 
behold one kind of wolf, when young and without any 
tmiuing', as soon as it sccnted its proy, stand motionless 
like a statue, rmd then slowly crawl forward with a 
l"ICCulinr gait; and another kind of wolf rushing round, 
instcad of nt, a herd of deer, and driving them to a 
distant point, '1'1'"0 IIhould fI8SIlred1y call th<'*! actions in· 
stincti,'c. Domestic instincts. as thoy may be called, 
aro certainly far 1('88 (bed than nntural instincts; but 
they ho\'e been actcd on by far less rigorow selection, 
Rnd bave been tmnsmitted for an incoJnl>ambly shorter 
period, under lCll8 fixed conditions of lifo. 

How strongly thcsedomestic imtinci8, habits, and dis
f'O!'itions are inherited, and how curiou81y they become 
mingled, is well shown when different broods of dogs are 
crossed. '1'11118 it is known that a cross with (l, bull-dog 
hns nffccted for mllny genemtion8 the cournge nnd ob
stinacy of greyhounds; and a CroM with 0 groyhound 
hili given to a whole family of shepherd-dogs a ten· 
deney to bunt hares. These domestic in.stincts. when 
thu:i tested by e:rossiug, resemble natural instincts. 
whicb in a like mallner become curiously blonded to
gether, and for & long period exhibit trnce8 of the 
in~tillel8 of either ptltellt: for example, 1.0 Roy de
I<'rioos a dog, whose great-grandfather was 0 wolf, and 
this dog showed a trace of its wild percutagc only in one 
way, hy not coming in a stroight line to hill master 
wheu called. 
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Domestic instinrta are sometimes spoken of as actions 
which ]l(l.ye become inherited solely from long-continued 
aud compulsory habit, but this is not true. No oue 
would ever bave t.hought of teaching, or probably could 
have taught, the tumbler-pigeon to tumble,-an action 
whieh, as I Imve witnessed, is performed by young birds, 
that have nm-er seen a pigeon tumble. We may believe 
that some one pigeon showed a slight tendency to tbis 
strange habit, and tlmt the long-continued selection of 
the best illdividuals in succcssil'e generations made 
1umblers what tlley now are; and near Glasgow thero 
are house-tumblprs, us I llCIU' from J\Tl". Brent, which 
cannot fly eighteen indIes high withuut going head over 
lleels_ It may be doubted whether allY une would 
htl\-e thought of tmining a dog to point, had not some 
one dog naturally shown a tendeucy in this line; and 
this is known occasionally to happen, aB Ionco 8I1W, in 
It pure terrier: tho act of pointing is proLably, as ruany 
have thought, ouly the exaggemted pause of an animal 
rreparing to spring on its prey. When the fir:,-t ten
dency to poiut 11"118 once dispL.yed, methodical selection 
and the inhE!rited effects of compulsory training in each 
successive generation would soon complete tIle work; 
nnd ullconscious selection is still in progrese, n.s each mall 
tries to procure, without intending to impmvethe breed, 
dogs which will stand and hunt best. On the other 
hand, habit alono in some cases has sufficed; hardly ally 
animal is moro difficult, in most cases, to tame than the 
young of the wild rabbit; scarce1y any animal is tamer 
than the young of the tame rabbit; but I can hardly 
BUpPOse 1hat domestic rnbbits have often been selected 
for tameness alOlltO; so that we must attribute tho 
inherited change from extreme wildness to extreme 
tameness, chiefly to habit aud long-continued close con
finement. 
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Natural instinctB ate lost under domestication: a re
markable instance of this is soon in thoso breeds of 
fo.)wis which \"ery rarely or nevcr become "broody," 
that is, never wish to sit on their ('ggs. Familiarity 
alone pN:n"Cnt.e our seeing how unh"crsally and largely 
the minds of our domestic animals have been modified 
by domestication. It is scnrcely poasihle to doubt that 
the love of man has bcrome instinctive in the dog. All 
",ol\"e~, foxes, jneknls, and RpOOies ortlle catgcnw, wben 
kept tame, arc most ea."l>Cr to attack poultry, sheep, and 
pigs; and thi9 tendency has been found incurable in 
dogs which have been brought home lUI puppies from 
countries, such as Tierra del Fuego and Austrnlia, where 
the savRge8 do not keep these dom($tic animals. How 
rarely, on the other hand, do our civilised dogs, e\'en 
",·hcn quite young, require to be taught not to attack 
poultry, sheep, and pigs! No doubt they ~ionally 
do make all attack, and are then beaten; and if not 
("ured, they are dcstroyed; 80 that haLit, with some 
degree of selection, has probably COllcurrod ill civilising 
by inheritance our dogs. On the other hand, young 
chickens haTe lost, wholly by habit, that fear of the dog 
and eat which uo doubt was originaUy instincti.e in 
them; for 1 am infonned by Captnin Hutton that t1J.e 
young chickens of the parent-stock, the Gallus hankin, 
wheu rearod ill India under a hen, are at first excessively 
wild. So it is with young phcnsanta reared ill England 
under a hen. It is not tllat chickclls have lost all fear, 
but feM on ly of dogs and catll, for, if the hen gh'cs the 
dangcr-chllcklc, they will run (more especially young 
turkeys) from un<ler her, and collceal thenllWh"C/l in the 
auffOuuding gross or thickets; And this ill e\'idclltIy done 
for the instincti'"e purpose of allowing, as we see in wild 
ground-birds, their mother to flyaway. But this instinct 
Jttainoo by our chickens has become useless under do-
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mestictl.tion, for the mother·hcn has almost lost by disuse 
tho power of Bight. 

Hence, we may conclude, that under domestication 
instiucts haye been acquired, and natural instincts have 
been lost, partly by habit, and pru-tly by man selecting 
nnd nccumulating, dlll'ing suoccssive generations, pecu
liar mental habits and actions, which at first appeared 
from what we must in our ignomnce call an accident. 
In lOme case8 compulsory habit a10no has sufficed to 
produce such inherited mental changes; in other cn8CS 
compulsory habit has done nothing, and aU has been 
the result of selection, pursued both methodically aud 
ullconsciously; hut in most e8lJe8, probably, habit and 
eclectioll have acted together. . 

Spcial Ifl.tincu. 
Wo shall, perhaps, l>cst understlUld how instincts in n 

state of nature havo become modined by selection, by 
collsidering a few cases. I will select only three, out of 
the aeveml which I shall ha"e to discuss in my future 
work,-name1y. the instinct which leads tho cuckoo to 
lay her eggs in other birds' nesiB; the slave-making 
iustinct of certain ants; and the comb-making power of 
tho hivc-bee: thCBO two lattcr iustincts havo genomlly, 
and most justly, boon tnnked by naturalists 8Il the most 
wouderful of all known instincts. 

Imtinct. of lM Ouckoo.-lt is now commonly admitted 
that the more immediate and final cause of the most 
romarkable of tho instincts of the cuckoo is, that she 
lays IlOr eggs, not daily, hut at illicrvnlB of two ox three 
days; 80 that, if she were to mako her own nest and sit 
on her own eggs. those first laid would have to be left. 
tor lOme time unincnbated, or there would be eggs and 
young birds of diJ1"erent a",oes in the Bame nest. H this 
were the case, the l>rocess of laying and hatchiDg might 
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be inconveniently long, more especially as she migrates 
at a very early period; and the first hatched young 
would probably have to be fed by the male alone. But 
the American cuekoo is in this predicament; for she 
makes her own nest, and has eggs and young succes
si\'ely hatched, all at tho same time. It haa been 
asserted that tho American cuckoo occasionally lays 
her eggs in other birdit' nests; but I hear on the high 
authority of Dr. Brower, that this is a mistake. Never
theless, I could give several instances of various birds 
which have been known occasions.lIy to lay their eggs 
iu other birds' nests. Now let us suppose that the 
ancient progenitor of our European cuckoo had the 
habits of the Americau cuckoo; but that occasionally 
she laid an egg in another bird's nest. If tho old bird 
profited by this occasional llabit through being enabled 
to migrate earlier or through any other cause; or 
if the young were made more vigorous by advantago 
being taken of the mistaken instinct of another species, 
than by their own mother's care, encumbered as she 
could hardly fail to be by having eggs and yonng 
of dilTcrclDt ages at the same time, and by having to 
migrate at an early period; tllen the old birds or the 
fostered young would gain an advantago. And analogy 
would lead me to believe, that the young thus reared 
would be apt to follow by inheritance the occasional 
and abernlnt habit of their mother, aud in their turn 
would be apt to Jay tllCir eggs in other birds' nests, and 
thus bo morc successful in rearing their young. By 
• continued process of this llature, I believe thnt the 
Itrangc instinct of our cuckoo could be, and lias been, 
generated. I may add that, acoording to Dr. Gray 
and BOllie oiller observel'B, the European cnckoo bas 
DOt utterly lost all matental love and care for her own 
oft'8pting. 
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It has heen objccted by some authors thnt I have 
not Iloticed other reln.ted instinctJ and points of struc
ture in the cuckoo. which are falsely spoken of 118 

uecessnrily co-orrlinntod. But in all cases, speculation 
Oil any instinct or character known in only II. single 
spocies, is nscicSI'J, for we have 110 fdOts to gnide liS. 

Until quite rooontly the instincts of tho Europenn and 
of the non-pamsitic American cuckoo alone were 
known; now, owing to Mr. E. Hamsay's observations. 
we know something about three Australian species, 
which lay their eggs in other birds' nests. The chief 
points referred to nre three: firstly. that the cuckoo, 
with rare excel,tiolls, lays only ouo egg in a !lcst, 80 
that tile largo and '·OroCloUS yonug cuckoo recei\'cS 
ample food. Seeondly, tbat the egg is so remarkably 
smnll, that it does not exceed in size tbat of the sky
lark,-u bird not more than one· fourth of tho size of 
tho cuckoo; that this is a teal CIlS(l of adaptation we 
mo.)' infer from the filet of the non-parasitic Amcrican 
cuckoo laying eggs of full size proportionally with her 
body. Thirdly and lastly, tbat the young cuckoo, ~n 
after birth, has the iustinct, the strength, and I\. properly 
shaped back for ejecting its f08tcr-brotherfl, which then 
pcrkh from cold a.nd hungcr. This, it hM been boldly 
maintained, is beneficently designed, in order that the 
youllg cnckoo may get sufficient food, and that its 
fostcr-brothcl'8 may pcriW, bcJore, as it is supposed, 
they have acquired mnch feeling! 

l'uming now to the Australian species; though these 
IJirds gencmlly lay only one egg in n. nest, it is not 
mrc to find two and 6\'cn three eggs of the same spcci('fl 
of CUl'koo in the same nest. In the Bronze cUl'koo tlm 
eggs vary greatly in ri~, from eight to ten lines in 
length. Now if it lind been of any advantage to thit 
specics to ha\'e laid eggs even slllAller than those now 
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laid by her, so as to hrwe deceived certain fOllter-parents, 
or, as is more probable, to have been hatched within 
80010 shorter period (for it is asserted that thero is u. 
relation between the aizo of eggs and the period of 
incubation), then there is no difficulty in believing that 
a race or species might have been formed which would 
ba,'e laid smaller Bnd smaller eggs; for tlwoo would 
ha\'O OOcn more safely hatched and teared. Mr. RnmSRY 
remnrks that two of tho Australian cuckoos, when they 
lay their eggs in all opon or not domed nest, manifest 
a d~ided preference for nests containing eggs similar 
to their own. Tho European species certainly manifests 
.orne tendency towards 0. similar instinct, but not rarely 
depaiU from it, u.s is shown by her laying her dull nnd 
11aIc-coioured eggs ill tho n(lt.-t of the Iledge-warbler with 
its bright greenish.liluo eggs: had silO invariably dis
played the above instinct, it would llS8urcdly have ooell 
00(100 to tllOse which it is lUlSumed must nil ha\'e lx.>en 
acquired together. The eggs of the Australian Bronze 
eu(·koo mry, according to lIr. Ramsay, in an extra~ 
ordinary manner in colour; 80 that in tills respcci, as 
well 88 in size, natural selection llS8uredly might ha\"e 
le('ured and fixed any advfllltngeous \'ariation. 

With respect to the lust point insisted on-namely, 
of tho young European euckoo ejectiug its foster
brothers-it llillilt first be remarked thnt Mr. Gould, 
who 11.118 paid particular ntteution to this subject, is 
eoovillced that the btlief is nn error; he asserts that 
tb.~ young f~ter-birds oro generally ejected during the 
am. three dap, when tho yonng cuckoo is quite power-i he maintains that the young cuckoo exerts, by its 
bUDger'cries, or by somo other mean.q, lIlIch Il fascina
tioD o\'er its foster-parenta, that it alone receivC8 food, 
10 that the others nrc struTed to death, and are then 
.muwn out, like tho egg-shells or tho excrement, by 
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the old birds. Ho admits, however, that the young 
cuckoo when grown older and stronger may hM'e the 
power, and }X'rbRp8 the instinct, of ejecting its foster
brothers, if they bappen to escape starvation during 
tbe first few days after birth. Mr. Ramsay has arrived 
at a similar ooncltmion witb re;q>eet to the Australiall 
Bpc<liefl, which he CflpedaJly obst!n'oo: he states that 
the young cuckoo la at first a little helpless Cat crea
ture, but, "as it groW8 ralJidly, it lOOn fills up the 
greater part of the nest, aud ita unfortullate oompaniona, 
either smothered by ita weight, or stnned to death 
through ita groodinC88, are thrown out by their parents." 
Now, if it had ~n of great importance to the young 
cuckoo to hal'O n.oceived as much food u pouible during 
the first {e'!IV dayt after birth, I can .ee 110 especial 
difficulty. if it IlO88CIJIiCd mfficient strength, in ita gradu
ally acquiring, during 8ucccssh'o generations, the habit 
(first, perhaps, througb mere Ullintclltiollnl restleSfllless) 
IUld the MlCture lle8t fitted for f'jeeting its foster
brothers; for th080 young euckOOll which had such 
1l..bitJI .nd structu.re would hawo been the best fed and 
Il108t.IICC1lJ1!1y reared. I can !lee no more difficulty in 
this, than in young bWa acquiring the illlltinct and the 
tClIlpornry hard tips to their beaks for breaking through 
thcirown shclls;-orthan in the young snake hnving in 
ita upper jaw. lUI Owen baa remarked, a transitory sbarp 
tooth for cutting tlu'Ougb U10 tough egg.hell. For If 
each part is liable to variation at any RgC. aud the ,. 
riatiOllil tcnd to be inherited at a corresponding age.
propositioll8 which cannot, all we shalJ hereafter see. 
rightfully be disputed.-then the instincts and structure 
of the young can be slowly modified as well all tbo8e of 
the adult, and both l'88CI must stnnd or fall together 
with the whole theory of nntwal selection. 
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Tho occas.ional habit of birds laying their ~ in 
oth"r birda' nests, either of tho same or of distinct 
IpedCl, is not very nncommon with the Gnllinacel8; 
and this perhaps explains the o;igin of a singular in
lItinct in the allied gronp of 08tMchea. ror several hen 
OItl'iehC!l uuite and lay first a fow eggs in one nest and 
then in nnoth('r j and these afO hatched by the males. 
'l'hla instinct may probably be ncoountcd for by the fact 
of the hel!8 laying a large number of eggs, but, as 
in tho case of tho cuckoo. at inlervaa of two or three 
uyl. '111i! instinct, however, of the American ostrich 
has not as yet been perfected; for a lIurprising number 
of eggs lie strewed over tho plain!!, 80 that in one 
day'. hunting I picked up no Ie. tluw t-,,'enty lost and 
_'<Ioggo. 

Many bees are parasitic, and always lay their eggs in 
the nc..ts of bees of other kinds. 'l'hi! case ill moro re
markable than that of the euekoo j for thCflO bees ha,·o 
DOt ollly their instincts uut their st.ruC'turo modified iu 
accordance with their parasitic bnbiliJ; for they do not 
.... tho poUen-coUecting apparatllB which would be 
MCeI8ary if tbey had to store food for their own young. 
Somo lpN'ica, likewise, of Spbegidro (wllIp-liko insects) 
are parasitic on other specice; aud M. Fabre bas lately 
1ho1m good reason for believing that, although tho 
Tachylel nigra generally makes its Oil'll burrow aud 
Itoret it with paralysed prey for its own larvro to feed 
00. yet that, when this insect. finds 0. burrow already 
-.de 8ud swrOO. by another sphcx, it takes ndv/Ultago 
cl the prize, and becomes for the OCClLlion pnrusitic. In 
thi8; cue, III with tho supposed CIllO of tho cuckoo, I can 
lite no difficulty in natural selection maicing au occa
-.w batit pE'rma.nent. if of advantage to tbo species. 
aDd it tho ill8eCt whose nest 8.lld ston'd food are thlliJ 
Womou.ly appropriated, be nut. thlllJ CJ:terminated. 

_L... __ ""The ComDlete Work of Cherie DerWin Online 



2&l SPECIAL INSTL"CTS. 

Slat'tJ.f1UJking in,tiIlCt.-']'his remarkable. instinct WlII 

first cliacovered in tbe }'ormica (PolyergetJ) rufl~1l1 
by l)jerre lluber, a ootter ob&erTer 6\-en tban his cele
brated father. 'nUs ~nt. is abeolutcly dcpendcnt on itl 
8Ia\"(~I!I; without. thdr aid, the 6pet'iee would certainly 
becomo extinet. in a aingle year_ 'rhe malee and fertile 
fcmales do 110 work of lilly kind, and tho workCMl or sto
rile females, though ooOllt energetic and oounlel>OOUS ill 
eBllturing alaveI\do no other work, 'Ibey arc incapable 
of making their own n(!llb.. or of feeding their own 
Jarv/kl_ When the old liCIt is foulld in<.'onvenient, auu 
they have to migrate, it is the shn(!lll which detenninG 
the mibrmtion, and actually carry their mnstcrs in thcir 
jaws. So utterly helplCM are the masters, that when 
Ruber sbut up thirty of them without a slave, but with 
plenty of the food wbidl they like be::.t, Alld with ilil.'ir 
Janoo and ptlPIB to stimulate them to work, they di,1 
notll ing; they could not even fl'(!d thelllsch-es, and 
mallY PCriSlled of hungl.'r_ Ruber Ihcn introduced a 
single shn'e (F. fWJC8), and she iUBtantly set. to wvr1o, 
fed and 8tln'<i the suni\'ors; made some cells and 
.lelldl'd tho lanre, aud put. all to righta. ,nat can be 
more extraordinary than these well-&IJCCrtainoo fJl('u? 
U wo had not. known of nny othcr 8lave-making alll, it 
would !la\-o been hopelc88 to ha\'o specUlated how 10 

wundt'rful an instinct could have been perfected. 
Anollwr ~wies. Formira IIlUlguinea. .i881ikewise fl."t 

dbco\'ered by P_ Huber to be a sJave-making ant. 'lUi. 
speciel is found in the lOuthem 11Rrta of England, aud 
ita habits ha\'e bcCtl nucndod to by Mr. :F . Smith, (I( 

tho 13ritiJSh :Museum, to whom I Rill much ioof>bted fur 
infonnatiou on this ao,1 other subj('ct& Although fully 
trw;ting to tho stau'menta of Huber and Mr. !:;mith, I 
tried to approach tbe subjectina 80eptical frame of mind. 
as any ono mny wcll 00 excused for doubting the truth 
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of 80 extraordinary and odiollfl au instinct 88 that of 
making Idan~8. lienee I will gi"o the obeer,"atioDil 
.. hich I made, in 80me littlo detail. I OpeUl.J fourteen 
nPllt8 (If :F. lIIluguinea, aud found a fow slaH~s in all" 
lla!etI and fertile femrues of tho alan:~otIpcciee (F, fusca) 
are found ollly in their own prol>cr communities, aud 
ha,'e ncver been observed ill the ncsts of F. Mllguinea, 
The slM"cs are black and 1I0t abo,'o half tho lIizo of their 
red m8.!lters, 80 tbat the contra.st in their appearance is 
Y"ry great. When tIie nei!t is sJightly di8turbed, the 
alan!!8 occll.lionally come out, and like their mastel'll arc 
much 8h'itatoo and defend the lIest: when tho nest is 
mut'h di ... turbcd, Bnd the larwo and PllllfB are expoecd, 
tM alan18 work energetically ,,"ith lh(·ir ma~tCl'!l in car
rying them away to a place of Mfdy, llenC<', it is clear, 
that the ala,'cs feel quite at home, During lho montha 
of JUliO Bnd July, 01\ three succC8flive yeoi'll, I hare 
watched for mfllly h01l1'll several lIesta in Surrey lind 
t'o.."",'x, and Il{wer anw 0. IIlfI."o eitll('r 100vo or enter 
a nl'lt. AI, during these lUonth8, the IIlan's are '"ef)' 
few in number,! thought that th('y might \x>haye differ
eutly "hen more numerous; but lIr" C::mith iufonns me 
that he has watcbed tho nestll at \"Brioua houl'8 during 
May, June, aud August, both in Surrey and Hampshire, 
&Dd. haa never acen the slaves, tbough pret>Cnt in large 
.1UD.1}t'J1I in August, either 108"0 or euter the nm. 
HImC'e he oonsidel'8 tllelll 88 strictly oouachold sIa.,"ea 
The masters, on tho other hand, may be con.lllautly 
... n bringing in llIateriala for the nest., and food of all 
kind.&. During the year ] 800, however, in the month 
of July, 1 came 8t'J1lS8 a community "itll an unusulllly 
~. ctoek of ela,"cs, and I ob&en·oo a fe,," ala'"eIl mingled 
with thdr mutcl'll lee.Ying the nNlt, and mal't'hing along 
the _Ille rood to a tall &!otcb-fir-trec, twellty-fh"e yards 
diant, whkh they lUiCended togcther, probebly in &earch 
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of aphides or cocci. According to Hnber, who bud amplo 
oPI)()rtunitiel for obsermtion, the slan'a in Switzerlund 
habitually work with their m8i!ltera in making the nest, 
and they alone olM!n and cl088 the doors in the morning 
and eyening; and, as Huber e.s:pre&ly statCit their 
principal offico i$ to search for apltidC8. This difference 
ill the usual habits of the mlUlters and sla\'cs in tho 
two countries, proooLly depends merely on tho &lucs 
being captured ill greater numOOrs in Switzerland than 
in England. 

One day I fortunately witne88e(1 a migration of F. 
snnguillea from olle nest to Rllotiler, and it was a mo,o;t 
interesting spoctacle to behold tlto lJlasters carefully {"ar
rling their s1a\'es in their jam in.<:teru:l of being cnrried 
by them, 88 in the case of F. nUt.~ns. Another day 
my ftttention WII8 struck by about a score of the stare
makers haunting tho same spot, &.nd e\'idontly not in 
search of food; thoy apprOOC'hod and wero vigorously 
repnlsed by atl independent community ot tho aJflxe
~I)O(:ies (F. fUlICa); sometimes as mftny as throe of these 
anta clinging to the legs of the slave-making }'. san~ 
guinea, Tho latter ruthlC88ly killed their small op
ponents, and carried their dead bodi('8 as food to their 
nCl!t, tweuty-nino yards distant j but tbey were prevented 
from getting any pupe to rro.r 88 slaves. I then dug 
up a small parc<!l of the puJlftl or F . fusca from anoth;>f 
ne;t, and put them down on a bore spot near the place 
or romoot; they were eagerly &eized and carried off by 
the tyrant;!, who perhaps fancied that, ufter all, tltey ItM 
been victorious in their lil.t(l combat. 

At the Mme time I laid on tit", 8Bmo pl8.('o a small 
pared of the pupa! of another 1!<1"''t.·it'!l, F. fl.\'&, with A 

feW' of thl'fl(' little yellow Anta stili clinging to tho frag
menta or the U;>IIt. This sl)C("i~o;j is 8OIDetiuwtl, thuugh 
nlfl~ly. made into slaycs, lIS b86 been de~rilx:d by llr. 
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Smith. Although 80 small 8. species, it is very cou
rageous, and I h(wo seen it ferociously attack other BlltS. 

In ono iUl'tance I found to my surprise .nn independent 
oommunity of .F. flfl.\'8. under a stoll6 beneath a lIest 
of the slave-making :F. sangninea; and when I had 
nccidentally disturbed both nests. the liule ants attacked 
their big neighbou1'8 with surprising courage. Now I 
was curious to &scertllin whether F. sanguinea could 
distinguish the pupro of }'. fusca, wldeh they hnhitually 
make into slavcs, from those of the little and furious 
F. flav&, which they rarely capture, and it WB.!I evident 
tbat they did at OIlCO distinguish tbem: for we haye 
eeen that they engerly and instantly 9Cized the pupm 
of I". fll8C8, whereB.l!l they were much terrified when 
they came across the pupro, or even the earth from tile 
nest, of F. f1nva, and quickly rail away; but in about a 
quarter of nn hour, shortly after all the little yellow 
ants had crawled away, tlley took heart and cnrried off 
the pupre. 

One eycning I visited another community of }~. san
guinca, and found a number of these ants returllill~ home 
and entering their ner;ts, carrying the dead bodies of F. 
(U8Ca (showing that it \I'M not a migration) and nUIllf'
rous pupre. I tra('e(l a long filo of ants bnrthencd with 
booty, for about forty yards, to B ,.~ry thick clump of 
heath, whenco 1 BnW the last indi,;dunl of }o~. IInnguinea 
eme~.cnrryin~ n pUpil; but I was not able to find the 
dteolated nest in tho thick heath. Tho nest, however. 
mUit have been dose nt hand, for two or three indi
yidllals of F. fusro were rushing about in the grcatest 
~ution, and one was perched lIlotionlese with its own 
pupa in its mouth on the top of a spmy of heath. an 
ima;...>e of despair, O\"('r its rayaged hOIllE'. 
~u"h arc the fart ... though they did not need ('011-

6ruw.tion by me, in n·gnrd to the wouderful in~tinct of 
N 2 
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making slaves. Let it be observed what a. oontro.st tho 
instinctive babilll of :F. Sftuguincn Ilreeent with those of 
tho continental :F. ruf('SCCn8. '1'ho latter doel not build 
its own nest, docs not determine ita own migrations, 
dOt-'8 not coIled food for itself or its young, and roUDot 
c\'cn feed ilBelf: it i,l 8\.J50lulcly dependent on ita nu
InN'OUS slaves. Fonnica sanguinca, on the other hand, 
))()88(.'fi:SCS much fower slaves, and in the early part of 
tho snmmer extremely few: tho magic", dctcrmiuo 
wlwn and where 11 IIOW nest shull be formed, Rnd wheD 
th(lY migrate, the mll!!tcrs carry tho shwcs. Both in 
Switzerland nnd Englaud the slaves seem to ii/we the 
exclu~i\'e care of the Iarvro, and the masters alonc go 
011 Ilave-making CXIM!ditions. In Switzerland the slares 
and masters work together, maL.-ing and bringing mate
rials for the ncst; both, but chiefly the sliu'C:8, tend, and 
milk as it may be called, their aphides j and thlliJ both 
collect food for tho cOllllUunity. In Ellglaud tile masters 
alone usually lcave the nest to collect building materials 
aud food for theUJ.lK>h·('8, their sian'S and lan'&:!, So that 
the llll:t.Sters iu th.iil country reeeh'e much 1<.'88 BCn-ice 
from tbeir slave! than they do in Switzerland. 

By .... hat steps the ill!tinct of F. sangninea originated 
I will not pretend to conjecture, But 88 alllil, which arc 
1I0t sla\'e-mllkerB, will, 881 have 8e('n, carry on',lul)ro of 
other species., if IK'tl.ttered near their nC8t8, it is JlOMible 
that 8Uch pupl6 originally stored 8& food might become 
dO\'eloped; and tile foreign anfB thlls unintentionally 
roored would then follow their proper in8Ijl1('tll, and do 
what work they conI!!. If their prcf!(!noo pro\'(l(1 useful 
to the apecies which had seized. th<.'IU-if it were more 
ad vllntageous to this "pt'ci('!l to captutO workers than to 
IJrocreate tbem-tho habit of collecting pupro originally 
for food mig-hI by Ilaluml selodion 00 slrength<.'uoo and 
rcll<iored permll'lCll1 for the very different purpose of 
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ra i ~ i llg slaves. \Vhell ·tho inBtinct was ouee acquired, 
if carried out to a much 1CS8 extent oven than ill our 
British ]i'. sanguinea, which, as we have seen, is less 
aided by its slaves than the same species in Switzer
land, Datuml selection might inercase and modify the 
instinct-always supposing each modification to be of 
use to the species-uutil lUi allt was formed as abjectly 
dependent 011 its Blaves as is the l~ormica mfcscelll!. 

Cell-making instinct of tlu IIir:e-13u.-1 will not hcre 
enter on minute details on this subject., bllt will merely 
~ivo an outline of the concluaions at which I ha\'e arrived. 
He must be a dull man who can oxamine the exquisite 
structure of a comh, 80 beautifully adal)ted to its end, 
without enthusiastic admiration. We hcarfrom mathe
maticians that bees have prncticnlly solved a recondite 
problcm, and have made their cells of the proper shape 
to hold the greatest p08Siblo amount of honey, with Ole 
least posaible consumption ofllreciolls wax iu their eon
Itruetion. It hD.ll boon remarked thnt a skilful work
man, with fitting tools and measures, would find it very 
difficult to make cells of wax of the tnle fonn, though 
this is perfectly effected by a crowd of bees workjug in 
a dark hive. Grant whatever instincts you llieilsc, and 
it seCJllS ilt first quite inconcei\'lI.bie how they CilU mako 
.11 the necessary angle8 and planc;!, or C\'en pereeive when 
they are correctly mnde. Hut the difficulty is not neatly 
10 great as it at tim appears: all this beautiful work can 
be shown, I think, to follow from a few simple instincts. 

I was lcd to investigate this subject by Mr. Wilter
hou8C, who has shown that the form of the cell stands 
in eiose relation to the presence of adjoining cells; lind 
the rollowing view may, perhaps, be considcr«! only as 
a modification of his theory. I.et us look to the great 
priu('iple of gmdation, al1d see whether Nature does not 
reveal to us ller method of work. At one cnd of a short 
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ICries \'I'e have humble-bees, which UI!(l their old cocoons 
to hold honey, 80metimcs adding to them short tube8 of 
wax, and liko ..... ise making !lepamte and \'ery irregular 
rounded cells of W&.L At the other end of the Beries we 
have the cells of the hive-bee, placed in a double layer: 
ench cell, as is well known, is all hCJ:II.f,'Oual prism, with 
the ba&al edgca of iUl six sides be\-elled 80 8S to fit. 011 

to II. pyramid, fonned of three rhomb& These rhornb8 
have certain angle", and the three whidl form the pym
O1iOOI base of 0. lingle cell on one lido of the comb, eutcr 
iUlo the ooIDpoaition of the ~I of threo adjoining cells 
on tho opposite sid". In the series between the extreme 
perfection of tho cella of the hive-bee alld the simplicity 
of those of the humble-bee, .e have the celli! of the 
:Mexican Melipoua domest.ica. carefully described and 
figured by Pierre lluber. Tho Mclipona it8elf ill inter
mediate ill nru('turo between tho hi\-e and humlole bee, 
lout more nearly related to the lattcr: it f0rms a nearly 
regular waxen eomb of cylindrical cella. ill which thf.' 
young are hatched, and, in addition, some large cells of 
wax for holding boney. These latter cell. are nearly 
8pherical and of nearly eqllal sizes. and are aggregated 
into an irreglllar IllI1.88. Bllt the importllilt point to 
notice, is that thCflO oolls are always mado at that 
dt-gree of neanllll88 to each othcr, that they would have 
illlersectoo or broken into each other, ir the spherea had 
been oomplf!ted; Lut th~ is nel-or permilted, the beet 
building perfectly Hat walls of "'I!.X between the spheret 
which thus tend to intersect. lienee each cell eonsil!1. 
or an outer Ipherical portion, and of two, three, or more 
perfectly flat lurfa(,eII, according 1\8 the cell adjoins two, 
tllrec, or more other cells. Whcn olle cell rests on 
three other cellI, which, from the I!pherei being nearly 
of the same siz(', is very frequeutly and nCC('!o!>llrily the 
CN!(!, the three Ilat surfaces are uuited into a pyramid; 
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and this pyramid, as Huber has remarked, is manifestly 
a gross imitation of the thret:Hrided pyramidal bases of 
the cell of the hivc-boo. As in the cells of the hive-bee, 
80 here, tIle three plane surfaces in lIuy one cell necessa
rily enter into the construction of three adjoining cells. 
It is obvious that the Melipoua saves wax by this manner 
of building; for the flat walls between the adjoining 
cells aro Hot double, but are of the same thickness M 

the outer sphericul portiollB, and yet each flat portion 
forms a part of two celli!. 

Reflecting on this case, it occl.llT'ed to me that if the 
~[elipolla bnd made its spheree at some gil'ell disttlllce 
from each other, and had mnde them of equal sizes ODd 
had arranged them symmetrically ill a double layer, the 
resulting stmctufO wou1<1 probably have beeu as perfect 
as the comb of the hi\'e-boo. Accordingly I wrote to 
Professor Miller, of Cambridge, alld this geometer has 
kindly read oyer the follolling statement, drawll up 
from his information, and tells me that it is strictly 
correet:-

If a number of equal spheres be described with their 
I"entres placed in two parallel layers; with the C(lnire 
of each sphero at the distance of radius x ,,; 2, or 
radins X 1'-11421 (or at some lesser distance), from the 
centres of the six surrounding spheres in the same 
)a"er; and at the same distance from the centres of the 
.. ijoining spheres ill the other and parallel layer; then, 
i! planes of intersection between the several spheres in 
both layers be formed, there will result a double layer of 
hexagollal prisms uilited t()getiler by pyramidal bases 
forruPd of three rhombs; and the rhombs and the sidC'S 
of the hexagonal prisms will have every angle identi
ft.lly the same with the best measuremcuiB which llave 
been made of the eells of the hive-boo. But I hear 
from Prof. Wyman, who has made numerous careful 

,~ Tr-e Complete Work of Charles Darwin Online 



2i2 SPEClA'L IXSTINCTS. CnAI'. VII. 

measurements, tllnt the accuracy of the workmanship 
of the bee has been greatly exaggerated; 80 much 80, 
that, M he adds, whatever the typical form of the cell 
may be, it is rarely, if aver , realised. 

Hence wa may sufely conclude that, if we could 
sl ightly modify the instincts already possessed by the 
:Melipona, and in themsel\-es not very wonderful, this 
bee would make a structure as wonderfully perfect as 
that of the hive-bee. We must suppose the Melipoll!\ 
to have tiJe power of forming her cells truly spherical, 
and of equal sizes; and this would not be very 8U1·-

• prising, socing that SIlO already does 80 to a certain 
extent, aud seeing what perfectly cylindrical burrows 
in wood. lUany insects can maks, appfiI"tntly by tuming 
round on a fixed point We must suppose the .MelipolIll 
to arrange her celh in level layers, M she already does 
her cylindrical cells; nod we mllst further suppose, and 
this is the greatest difficulty, that slle can somehow 
judge accurately at what distnnce to stand from her 
fellow-labourers when several are making their spheres; 
but she is already 80 far enabled· to judge of distance, 
that she always describes her spheres so as to intersect 
largely; and then ahe uuites the points of intersection 
by perfectly fiat surface!!. 'Ve ha"e further to fruPPOSC, 
but this is no difficulty, that after hoxagonal prisms ha'·e 
been formed by the intersection of adjoining sphores ill 
the 8ll.me layer, she can llrolong the hemgon to any 
length requisite to hold the stock of honey; in the 8ll.me 
way as the rude lmmblo-bea adds cyl inders of wax to 
the circular mouths of her old cocoons. By such modi
fications of instincts in themselvnB not very wonderful, 
-hardI:; more wonderful than tllOse which guide n. 
bird to make its nest,-1 beliol'e that the hive-bee 
llf~ acquired, tllrollgh natural selection, her inimitable 
Architedurll.lllOwers. 
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Bnt this thNlf'yenn to tested by experiment. Follow
ing the examplo of Mr. Tegctmdcr, I separated 1,11'0 
combs, and Imt between them a Ion!!'. thick, rectan
gular strip of wax: tho bees instantly lx>gRn to excavate 
minute dreular pits in it; and as t hey deepened these 
little Ilits., they made them wider and wider until they 
were com'erted into shallow basins, appearing to the eye 
perfectly Inle Of' ports of a sphere, and of about the 
diameter of 8 cell. It WIUI mOfJt interesting to me to ob
seno tbnt, wherever 8O\'eN'} bees had begun to excavate 
these bMim near together, they had begun their work 
at such 0. dislance from each other, that by tho time 
the WillS had acquired the abo"e-stated width (i.t. 
about the width of an ordinary rell), and were in depth 
about Olle sixth of the diameter of the sphere of which 
they formed 8 IlRrt, the rims of tho be.sins interse<"ted 
or broko into each otlwr. As soon lIB tl1is oecul"n.'d, the 
bees ceAsed to eXCI\vnte, and begnn to build up flat 
walls of wax on the lines of intet8C("tion betwecn tho 
basins. 110 that each hexatiOnal Ilrism W8S built upon 
tbf' 8('811oped ed~ of a smooth WiD, instead of on the 
~traight edges of 8 threo-sided pyramid as ill the case 
ofordinnry cells. 

T then pllt into the hive, instead of 8 thick, rectan
~1l1ar piece of wax, a thin and llarroW, knifo .. edgcd ridge, 
coloured with yennilion. The bees instantly began Oil 

both sides to excavate little basins ncar to each other, 
in the 6Ilme way I\S before; hut the ridge of WI\.Jt was 
110 thin, that the bottoms of the bRsins, if they had been 
ucavated to the same depth as in the former expe
riment, would have broken into each other from tho 
oPl)()@ito sides. '1'he bees, however, did not suITer this 
to happen, and they stop[lCd thcir exclLvatiOlls in dne 
time; 80 that the basins, as soon lUI they had been a 
little deepened, came to have flat bottolDs; and these 
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f1ut bottoms, formed by thin little plates of tbe ver
milion wax hu\'ing been left ungnawed, were situated, 
as far n.s the eye could judge, exactly along tIle planes 
of imaginary intersection between the basins on the op
posite sides of the ridge of walt, In parts, only little 
bits, in other parts, large portions of a. rhombic plnte 
had been left between {be opposed basins, but the work, 
from the lmnntural state of things, lmd not been neatly 
performed, 'I'lle Uces must have worked nt very nearly 
the same rate on the oJlppsite sides of the ridge of vermi
lion walt, as they circularly gnawed away and deepened 
tbe basins on botb sides, in order to have succeeded in, 
tbus iCllIying flat plates between the hasim, by stopping 
work aloug the itltermedinte planes or plnnes of inter
section, 

Considering how flexible thin wrU: is, I do not see 
that there is any cliiTiculty in the bees, wllilst nt work 
on the two sides of Il. strip of wax, perceiving when they 
hlwe gnawed the wax away to the proper thinness. 
and then stopping their work. In ordinary combs it 
lIas aPl>cared to me that the bees do not always succeed 
in working at exactly the !;/lme mte from the opposite 
sides; for I hnye noticed half-completed rhombs at tho 
base of a just.-commenced cell, which were slightly 
concave on one side, where I suppose that the bees llad 
elteavated too qllickly, and conl'ex aD the opposed side, 
where the bees had 1I'0rked less quickly, In one well
marked instance, I put the comb oock into thf;! hive, and 
allowed the bees to go on 1I'0rking for a short time, and 
again examined tho cell, mId I found thnt the rhombic 
Illate hnd been completed, and had become perfedly flat: 
it was absolutely impossible, from the extreme thinness 
of the little rhombic plate, that they could have etTected 
this by gnawing away the COllYOX side; and I suspect 
that tho bees ill such cases stand in the opposed cells 
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Bnd push and bend the ductile and warm wa.'t (wh ich ns 
I III",e tried ill eMily done) into ita proper intermediate 
plnne, Bnd thus flntten it . 

.From the e.xpcrimcnt of the ridge of venuilion wax 
we call clearly see that, if the bees were to build for 
themselves a thin wall of wax, they could make t heir 
cells of tho proper shape, by stAnding nt the proper 
distance from ench other, by excamtiug at the same 
rate, and by endeavouring to mnko equal spherical hol
low~, but never allowiug the spheres to hreak into each 
oilIer. Now bees, 9.8 may be clearly I!OCII by examining 
the edge of i\ growing comb, do make a roUgll, circum
ferential wnll or rim all round the comb; and they 
gnaw into this from the opposite sides, always working 
circularly 8S they deepen o8('h cell. They do not make 
the whole three-sided pyramidal base of anyone cell at 
the SIlme time, but only thnt ono rhombic plate which 
stands 01\ t110 extreme growing margin, or tho two 
plntes, as the case mn.y be; and they lIe,'er MOlplete 
the upper edges of tho rhombic plates, until tlle hexa
gonal walls are commenced. Some of thCIIC B1ntemcnt8 
differ from those made by the justly celebrated elder 
Huber, but I am convinced of thcir nccumcy; alld if I 
had space, I could show that they are conformable with 
my tlJeory. 

Huber's statement, tllat the \'('ry first cell is CXCIl,ated 
ont of a little pamllcl-sided wall of wax, is not, as far 8S 
] ha"c seen, strictly correct; the first commencement 
La,ing alwnys been a little llOod of wax; but I will 
IIOt here enter on thcse details. "'e see how important 
!I part ('xeavntion plays in the conl'truction of the cells; 
but it would be II. great error to supp080 that the beel! 
~not bllil(l up a rough wall of wax in the proper posi-
4ion-thnt is, along the plane of intersection betwl:cn 
two arljoining "'pheres. 1 hl"'c several specimells show-
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ing clcnrly that they can do thi~. Even in the rudo 
circumferential rim or wall of wax round a growing 
comb, flexures may IIOmetimes be ob8crved. corTCtlJloud
ing in position to tbo planes of tho rhombic hnMl plntes 
of future cells. But the rough wall of wax liM in every 
ClUKl to be fl.niglu~d off, by being largoly gnawed a.way 
on both sides. 'l'bo manner in which the bees build is 
curious; they alway! make the first rough wall from tell 
to twenty Hmea thicker than the exCftlSi,'eiy thin fin~hed 
wall of the cell, which will ultimately be left.. We shall 
I1ndemand how they work, by suJlpoaing masons lil"l!t to 
pile up a brood ridge of ccment, and thcn to begin cuttillg 
it away equally 011 both sides uear the ground, till a 
sOlooth, very thin wall is leO in tho middle; the DlMOns 
wways piling up the cut-away cement, and adding fresh 
cement. on tho IlIrnlllit of the ridge. Wo shall thm 
have a thin wall steadily growing upwanl j but always 
crowned by n. gigautic coping. :Frolll all the cells, 
both those just commenced and those completed, being 
thlls ero\ll'1led by 0. strong coping of wax, tho bees can 
elllster and crawl O\'cr the comb without injuring the 
delicnte hexngonal walls. These walls, as }>rorCSdQr 
Miller has kindly ascertained for me, vary greatly in 
thickllC88; being, on an avernge of twelve mcasure
ments made near the border of tlle comb, ~ of all 
inch ill thiekn{'8!l; whereas the basal rhomboidal platCfl 
are thicker nearly in the )lroportion of three to two, 
having a mean thicknC88, from twenty~ne metl8Utemcllta, 
of ll~lf of an inch. By the aoo"e singular manner of 
build in/!, strength ill continually given to the comb, with 
tho utmost ultimate oconomy of WII.X. 

1t ~ms at first to add to tho difficulty of under
standing how the cells nrc made, that a multitude of 
beet! all work together; one bee aner working a shon 
time at one cell going to another,lIO thnt, as lluber b .. 
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stated, a 8('ore of individuals work el'cn at the commenco
ment of the first cell. I was able prncticslly to show 
this fact, by covcring the edges of the llCxagonal wa1l8 
of a single cell, or the extreme margin of the circum
ferential rim of 8. growing comb, with an extremely thin 
layer of melted vermilion wnx; and I invarinbly found 
that the colour WM most delicntely dilfused by tho bees 
-as delicately as a painter could lul.YO done with his. 
brush-by atoms of the Coloured wax hln-ing been taken 
from the Bpot on wh ich it had been placed, and worked 
into the growing edges of the cells all round. 1'he work 
of construction sccms to be a sort of balnlloo struck 
between many bees, all jnstin(·tively standing at the 
same relative distance from each other, all trying to 
sweep equal spheres, and then bllilding up, or leaving 
IIngnawed, the planes of intersection betwccn these 
spheres. It II'lUI really curious to note in cases of dim· 
culty, as when two pieces of comb met at an angle, how 
often the bcc:J would pull down nnd rebuild in different 
wa~'s the same cell, sometimes recurring 10 a shape 
which they had at first r<'jected. 

Wheu bc<!s hayo a place on which they cun stand in 
their proper positions for working,-for instahce, on a 
slip of wood, placed diroctlyunder the middle of 0. comb 
growing downwards so that the eomb has to be built over 
one faee of the slil}-in this case the bees can lay the 
foundations of oue wall of a Ilew hexagon, ill its strietly 
proper place, projecting beyond the other completed 
(·ells. 1t sullices that the bees should 00 Clmbled to 
stand at their proper relative distances Crom Ctich other 
and from the walls of the last completed cells, Ilnd thell, 
by striking imaginary spheres, they can build up a wall 
intermediate between two adjoining spheres; but, as far 
all I have seen, they never guaw away and finish off tho 
angles of a cell till a large part both of Ihnt cell and 
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of the adjoining celis has been built. This capacity 
in bees of laying down under ccrtain circumstances n 
rough wall ill its proper place between two ju:;t...com
menced cells, is important, M it bears on a fact, which 
9CCm9 at first quite 8ubversi,'e of tho foregoing theory; 
namely, that the cells on the extremo margin of wasp
comb;, arc sometimes strictly hexagonal; but Ilm,'o not 
space here to enter on tllis subject Nor docs there 
seem to me ally grellt difficulty ill a siugle insect (1l.lI in 
tho Cl\80 of a queen.wasp) making hexagonal cells. if she 
were to work altemately on the in.\lide and oufi;ide of 
two or lhI'(!(l cells ~ommellced at the 8lI.mo time. always 
standing at the proper relative distance from lhe parts 
of tile ('ells just lJegun, sweeping spheres or cylinders, 
and building up intermediate planes. 

As natural St-lection acts only by tho aeculllulatiOIl of 
slight modifications of structure or instinct, each profit
able to the iudiviuual under ilB conditions of life, it may 
f('llSOnnbly be Mked, how a long aud graduated succession 
of modified architectural illstincfi;, all tending towards the 
prescnt perfect plan of roustrnction, conld ha,'e profited 
tho progenitors of the hi,'o·bee? I think tho answer is 
lIot dil1icu\t: cells constructed like those of the bee or 
tl10 wasp gain in strength, and save much in labour 
and SP6ce, and especially ill the materials of \\hieh 
tlley are constructed, With re~pcct to the formation of 
wax, it is known that bees aro often hard pressed to get 
sufficient nectar, and I am informed by Mr. 'fegetmcier 
thnt it has been c~pcrimcntally proved that from twelve 
to fifteen pounds of dry sugur aro consumed by a lli,'e 
of bees for tJIO secretion of each pound of wax; 80 that 
a prodigious quantity of fluid nectar mu,;t be collected 
and consumed by tho bees in a hi\'e for the secretion or 
the wax necc~ary fvr the COlistruction of their combs. 
MOTCO\'er, many bees have to rcmaiu idle for Illany 
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(lays during the IlroceM of secretion. A large 'store of 
hono), is indispensable to support a Inrgo stock of bees 
during the winter; and the flC('ufity of the IJi,"e is 
known mainly to depend on a large number of b(!('8 

being supported. H('nce the saving of wo...l: by largely 
&In-ing honey mllst 00 all important clement of success 
to flny family of bees. Of course tllO success of any 
~1)()('ie8 of bee lDay be depelldel.lt on tho number of its 
parasites or other enemies, or on quito distinct eRuse~, 
Rnd so be altogether independent of tho qual1tity of 
honey which tho IJocs collid rollect. But let us suppose 
that this lattor eirenmBtauee determined, as it probably 
often has determined, the nnmbers of a. boo allied to our 
humblt'-bees, which existed in any roulllry; and let us 
further suppose that the rommuuity lin:!d throughout 
the winter, all(l conscqtll:ntiy required a store of houey : 
there enn in this case be no donot that it would be lUI 

adnmtnge to our imaginary humble-bee, if a slight 
modification in her instincts led her to make her waxen 
('{Ills near together, so 85 to intersect a little; fnr fl. wall 
in common e,'en 10 two adjoining cdl!!, would save 
some little wax aud labour. Hence it wonld continual'" 
Le more and more ndvantagoous to our hllmole-be~, 
if sll() were to make her cells moro alld moro regulllr, 
nearer together, and nggregated into a IIllL.qj, like the 
('t'1I~ of the lfelipona; for in this ~Ise a large part of 
the bounding surfaoo of each cell would IICn'e to bound 
other CCJlll, and mucll wax and lahour would be 88."'00 . 
• \gnin, from tho same caU8e", it would be a(hantageou8 
to the Melipolla, if she were to mnke ller cells closer 
ro~ther, and more regular in ovory way than at pre
II'nt; for then, M we IlIIxe soon, the spllCrical surfuces 
woul<1 wholly disappear, and would nll be rel1laced by 
plane 8urft\ces; and tho Melipolla would make a romb 
u p('rfect as that of the hive-bee. 1kyolld this stage 
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of perfection in architecture, natural selection could not 
lend; for the comb of the hive.bro, as far as we can see, 
is absolutely perfect in economising labom and wax. 

'fhus, lUI I believe, the most wondcrful of all known 
instincts, that of the hive-bee, can be explained by 
natural selection haying taken advantage of numerous, 
successive, slight modifications of simpler instincts; 
natural selection having by slow degree~, more and 
more llelfcctiy, led the bees to sweep eqmll spheres at 
a givcn distance from each other in a double layer, and 
to build up and excavate the wax along the planes of 
intersection; tIle bees, of course, no mote knowing 
that tl1ey swept their spheres at ono particular distance 
from each other, than they know what are the severol 
angles of the hexagonal prisms and of the basal rllOmbic 
plates; the moti\'e power of the process of natural 
selection II/wing been the construction of cells of due 
strength and of the proper size and sImp<! for the larvre, 
this being effected with the greatest possible economy 
of wax nnd labour; that individual swarm which thuR 
made the best cells with lcast labour, and least waste 
of honey in the secretion of wax, lUl.Ving su(:ceeded best, 
and ha\'ing transmitted by inlleritance their nowlyac
quired economical instincts to now swarms, which in 
their turn will lltl\·o had the best chance of succeeding 
in the struggle for existence. 

Objectimt' to tile Tlteorll of Natural Selection a, applkd 
to Il!8tinct8: Neuter and Sterile Imects. 

It has been objected to the foregoing view Oil the 
origin of instincts that" the variations of structure alld 
of instinct must lmye ooen simultaneous and necuratf'ly 
adjusted to each other, as II. modification in the one 
without an immediate cOrre;>ponding cha.nge in the other 
would hllve beon fatal." Tile force of this objection 
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seems entirely to rest on the f1Ssumption that the 
changes in both instinct and structure oro abrupt. To 
tako 1\8 an iUustmtion tbo Cfl.S(l of the larger titmouse 
(Paru! major) alluded to in tho last eharter: tllls bird 
often holds lhe seeds of the yew bctwe('n ita feet on a 
braTleh, and hammers away tiU it gets into tIle kernel. 
Xow what special difficulty would there be in nahmll 
selection presen'ing each sligllt variation of beak, better 
and better adapted to break open seeds, until 0. beak 
was ronned, as weB constructed ror tills purpose as 
that of tho nuthatch, at the sarno timo that hereditary 
habit, or compulsion from tho wallt of other food. or the 
lJrescr\'atioll of chance variations of taste, made the hini 
more and more of a seed-eater? In this CfLS(l the beak 
is flupposed to be slowly modified by Ilatura.l selection, 
subsequently to, bllt in accordtUlce with, slowly changing 
habit; but let tho feet of the titmouse "ary and grow 
larger from correlation wilh the qcak, or from auyother 
uuknown cause, aud is it "ery improbable that such 
largrr foct would le-ad the bird to climb more until it 
acquired evell the remarkable cijmbing ill~tinct and 
capacity of tllo nuthatch? In this caao a gradual change 
of stnlcture is supposed to lead to changed instinctive 
habits. 1'0 take one more cnse: few instincts are more 
remarJmble than thnt which lends the swift of the 
Eastern Islands to make its ne6' wholly of inspissated 
salim. Some birds build their Iloets of mud, believed 
kl be moistcn('d with sali\'a; and one of the 8wifts of 
Nortll Amcrica makes its nest (fill I ha,'c !lCen) of sticks 
a.."'g'llltinntcd with salh'a, alld evcn with flakes of this 
8UL.;tallce. Is it then rery improbo.blo that tho natural 
k>lectioll of indi,'idllal swifts, which secreted more and 
more sal im, Monld at last produce a species with in· 
lIinch loo<iing it to neglect other materials, I\lld to 
make its Dest cxchlEivelyof inspissated sali\'a? And 
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80 in other cases. It mllst be admitted that in many 
ilLQtlUI{'C8 we cannot conjecture whether instinct or 
structure has first slightly cbanged j nor call we con
j(lCture by what gradation!! many instincts have been 
developed when they relate to organs (such as the 
mammary gltlJlds) on the first origin of which we know 
nothing:. 

No doubt Dluny instincts of very difficult explanation 
could be oppoeo<l to the theory or naturoJ selection,
c.18O\ i ll which we emlnot 800 how nn iustiuct could 
p061!ibly Illwe originated j cll8(!8, in which 1)0 interme
diate gmdations are known to exist j cases or instinct 
of apparently lruch trifling: importance, that tb('y could 
hanlly have be-en !If'too on by natuml selection; cases 
of instincts almost identically the same in animals 80 
remote in the scale of nature, thnt we CiUlliot account 
for thcir similarity by inheritanoo rrom a common 
parent, and must thererore believe that they have been 
independently acquired by natural selectiolL I will 
not here enter on these several roses, but will confine 
myself to one special difficulty, which at first appeared 
to me insuperable, and actually fatal to my whole 
thoory. 1 Rllude to the neuters or sterile femnles in 
insect-eommunities: for tliCfl(l neuters often differ widely 
in in .. ~tinct and in structure from both the males and 
fertilo females, and yet, from being sterile, they canuot 
propagate their kind. 

The subject well deserves to be discussed tit great 
length, but 1 will here tnke only a single case, t116t o( 
working: or sterile ants. llow the workers 11nve IJe(>n 

tendered sterile iB a difficulty j but not much greater 
thlln that of any other striking modi6catiou of struc
ture; (or it can be shown that some insects and other 
articnlate nnimals in a state of Ilature occasionally be
come sterile; and if such insecta had been social, and 
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it had been profitable to the eommnnity that a number 
should have been annually born capable of work, but 
incapable of procreation, I can see 110 very great diffi
culty in this being effected by natural selection. But 
I must pass over this preliminary difficulty. 1'he grcat 
difficulty lies in the working anh differing widely from 
both the males and the fertile femnles in structure, as 
in the shape of the thorax, and in being destitute of 
wings and sometimes of eyes, and in instinct.. As far 
as instinct alone is conceMled, the prodigious dim~rence 
in this respect between the workers and the perfect 
females, would have been bcttm exemplifiNi by the 
hive-bee. If a working aut or other neuter insect had 
been an animal in the ordinary state, I should have 
nnhesitatingly assumed that all its characters had been 
slowly acqllired through natural seleetion; namely, by 
an individual having been born with some slight profit
able modification of strnctur(>, til is being inherited by 
its offspring, which again varied and were ag-din selected, 
and so onwards. But with the working ant we have an 
insect differing greatly from its parents, yet absolutely 
sterile; 80 that it could never have transmitted AUC

cessi\>elyacquired modifications of structure or instinct 
to its progeny. It lIlay well be asked how is it pos
sible to reconcile this Ctl.'le with the thoory of natural 
selection? 

First, let it be remembered that we have innumerable 
instances, both in our domestic productiolls and in those 
in a state of nature, of all sorts of differences of struc
ture which ilave beeome correlated to certain ages, and 
to either sex. 'Ve have differences correlated not only 
to one sex, but to that short period alone when the re
productive systelll is n.ctiYe, as in tllo IHlptinl plulllage 
of many birds, and in the hooked j!~WS of tho malo 
Mlmon. We have even slight difi'erences in the horns 

I W Ii< f ~ rwin nli 



284 ODJECTIO:-'-S TO THE THEORY CHAP. V]I. 

of different breeds of co.ttle in relotion to nn artificially 
imperfect state of the male sex; for oxen of certain 
breeds hrwe longer horns than in other breeds, in com· 
parison with tbo horns of tho bulls or cows of these 
same breeds. Hence 1 Ctl.n seo no real difficulty in oily 
cbaructer having become conelatoo with the sterile 
condition of certain members of insect--communities: 
the difficulty lies in understanding how such correlated 
modifications of structure could have been slowly accu· 
mulat(l(1 by nntuml selection. 

1'his diffic·ulty, though appearing insuperable, is less-
ened, or, as I believe, disappears, wllOn it is remem· 
bered that selection may be appli(l(l to the family, as 
well ru! to the individual, and may thus gain the desired 
eud. 'rhus, breed"rs of cattle wish the flesh and fat to 
bo well marbled together; the animal has been slaugh. 
teroo, but tho brooder has gone with confidence w the 
same stock and has succeed(l(l. Such faith may bo 
placed in the power of selection, that probably a breed 
of cattle, always yielding oxen with extraoroinarily long 
horns, could be slowly formed by carefully lI'atchin~ 
which individual bullB and eOIl"S, when matched, pro-
ducod oxen with the longest horns; and yet llO one 
ox would ever have propagated its kiud. Here is a 
better aud real illustration; n.ccoroing to M. Verlot, some 
varieties of the double mmual stock of various colours, 
from having been loug carefully selected w the right 
degree, al \\"ays produce by seed a large prol}()rtion 
of plants beuring double and quite sterilo fl owers; 
so thut., if the vuriety had not yielded others, it wOlild 
at once have beeome extinct; but it likewise al\\"ay8 
yields some siugle and fertile plauta. which ditTer 
only in their power of prooucing tll'O forms, from 
ordiuary single l'llrieties. Thus tiloS(! single and fertile 
plants may be compared with tho males and females 
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of an ant-eommunity, and the sterile double-flowered 
planls, which are regularly produced in large numbers, 
with the many sterile neuters of the same community. 
Thus I believe it 11M been with socinl inse<:t.s: a slight 
ruooifi('ntion of structure, or of inlllillcl, correlated with 
t ho sterile condioOl\ of certain members of the commu
nity, has beell nd,·antngoous to the community: con
!!eIl.ueutly tho fertile mrues and females of the same 
community flourished, and tmnsmitted to their fertile 
off.pring a tendency to produce sterilo members having 
thfO !Rme modification. And I belie1'e that this pfOOe88 

ho~ been repCflted, until tllat prodigious amount of 
differenco between the fertile and sterile females of the 
ame lpeeies has been produced, which we see in 80 
many eocial insects. 

Bllt we hM·e not as yet touched 011 tho climax of the 
difficulty; namcly, the fact that tbo neuters of 8Cvernl 
ants differ, not only from tbe fertile females and males, 
but from each other, sometimC8 to an almost incredible 
~, aud aro thus w,·ided into two or eren three 
cutes. The callies, m('Oreo,·er, do not genemlly graduate 
iDto C8Ch other, but are perfectly well defined; being 
1M d16lin('t from each other, as are nny two species of the 
.me genus, or rather as II.lIy two genem of the same 
(amily. Thlls in Eciton, there nre working and soldier 
neull'rs, with jaws and instineta extraordinarily dif
ferent: in Cryptocenls, the workc:rs of one caste alene 
earrv II. wonderful sort of IIbieJd Oil their llend~, tho use 
at ~hirh is quite unknown: ill the l\1ex.iCfln Uyrrnc
COI'y~tn~ the werkers of ono caste Ile,·cr lelwe the ncst; 
th .. y aT\"! fl>d by the workers of another caste, Ilnd they 
have an (,lIennonily do,·elopcd alxiom('ll whieh secretes 
.1011. (If hllney, fiIlpplying the place of that excn::ted by 
the 1I1,hi,I<,s, or the dom(!!<tic cattle IlS tlu~y may be 
calleJ, which onr Europenn aulS glllud or imprisoll. 
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It will indeed be thought that I hl\ve an o.crweening 
confidence in the principle of natural sclC<'t1on, when I 
do Dot admit that such wonderful and well-established 
facts at once annihilate my theory. III the simpler 
case of neuter insects all of onc cnstc, wl,ich hM'e been 
rendered by natural selection, a.~ I believe to be quite 
posl'oihle, different from the fertile males and females--
in this case, we may safdy conclude from the analogy 
of ordinary mriutions, thilt each slIcccMive, slight, profit
able modifie-lltion did not at first llppear in all the 
individual neuters in the mme nest, but ill a ft:w alone; 
And that by the long-continued selection of the fertile 
pRrents which produced moo neuten! with the profitable 
mooifieation, all the neuters ultimately callie to ha.e 
the dCl<ired chamcter. On this view we ought occasion
ally to find neuter iuseels of the samo species, ill the 
81\1»e nest, presenting gradations of structnre; lind this 
we do find, even frequently, considering how few neuter 
insects out of Europe have been carefully examined. 
)lr. ,P. Smith haB ShOWll how surpriliingly tbe neuters 
of severnl British 8UtS differ from each other in size 
and IIOmetimcs in colour; and that the extreme forms 
can sometimes be perfectly linked together by indi
viduals takcn out of the same neet: I have myself 
compllrcd perfect gradations of this kinrl. It often 
happens that the larger or the smaller sized workers 
arc the mO::!t numerous; or thut both large and small 
are llilmerous, with those of all intermcdiate size scanty 
in llumbers. Formica flll\'a has larger and smaller 
workers, with some of intermediate size; and, in this 
speciC:8, IIslli. }~. Smith !JaB obsc"'ed, the larger workel"l' 
have simple pres (ocelli), which tllough small can be 
plainly distjn~uished, wherelLS the Imaller workers have 
their ocelli rudimentary. lIavin~ carefully di.;;.~edl-d 

severol specimeus of these workers, I can affirm tlult 
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the eyes are far more rudimentary in tho swaller 
workers than can be a~unted for mt-rely by their 
proportionally lesser size; and I fully belio\'e. though 
I daro not a58Crt SO posith'cly, that the workers of inter
mediate ,.ize hare their OO(lUi in fin exactly interwediate 
condition. So that wo hero hare tll'O bodies of sterile 
workers in tllo sume nest, differing not only in size, but 
in their ol'f,'l\IlS of l'ision, yet eonllC('teO by somo few 
members in lUI intermediate condition. I may digress 
by adding, that if tho smaller workers had been the 
mo..i. IUlCrul to the community, and thOOlC males and 
females had been continually selt.~tcd. whi('h produeed 
more and more of the smaller workers, until all the 
workers had come to be in this condition; we should 
then II/we had a spooies of ant with neuters n;ry nearly 
in the sullie condition with those of ;1lynnica. Eor tho 
workers of l\lyrmica JUl.VO not e\'ell rudiments of ocelli, 
though tIle male and femalo ants of thiB genus have 
well-deyelopod ocelli. 

I may gi\'o 0110 other case: 60 confidcntly did I expect 
io find gtiwations in important points of stru('ture be
tween the different castes or neuters in the same species, 
that. I gladly availed myself of )Jr. F. Smith's offer of 
Dumerous !:lJ>ooimens from the sarno nest or the drh'er 
IlIt (.\nomma) of West .:Vrica. '1'ho reader will per. 
hap; Ut1!l apprcciato the amouut of differcnce in these 
workers, by my giving not tho aetuill measurements, 
but. a stri(·tI y accurate illustration: tho difference was 
the same as if we were to see a set of workmen building 
• holMC, of II hom mlluy were five ft.~t fOllr inchC8 high, 
IlId many sixteen feet high; but we mu~'t 81l1'l106e that 
&be largl·r workmen had heails four in,.tt.'ftd of throe 
timHas big a.~ those of the smaller men, and jail'; n"arly 
a'e timt'l R8 big. The jaws, m(lrt'O\'t'r, of tht· working 
anti of th~l lIt'n:oral s.izes differt.>d wonderfully in shape, 
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ond 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 si;~es, yet they grndl1nt~ 
insen.sibly into eneh other, IlS does the widely-ditTerellt 
structure of their jaws. J spcok confidently on this lotter 
point, I\S Sir J. Lubbock made drowings for me, with 
the camero luddo, of the jaws which I di8.:ICCted from 
the workers of the sol'eml sizes. Mr. &t('8, ill his most 
intefL'Sting 'Katumlist on the AUlozona,' hlUl described 
BOrne ollologous CIlSCS. 

With tll('sc fnck; before me, I bclie,'e that Illltumi 
selection, by acting on the fertilc parents, could form n 
species wbkh should regularly produce neuters, either 
011 of large size with Olle form of jaw, or all of small 
size with jaws having n. "idely different stnlcturej or 
llUltiy, and this is our climax of difficulty, one set of 
workers of olle size and structure, and simultaneously 
allother set of workers of a different size and structure ; 
-flo gmduated series having been fin.-t fanned, as in the 
case of tho drh'er ant, and thcn the extreme forms 
lun'ing been produced through the natural selection 
of the purcnts which genemted thcm, in greator and 
greater numbers, until nono with an int€rmediate 
structure were produced. 

An n.ntltogous expln.nation has been given by Ur. 
Wallace, of the cqulIlly complcx case, of ccrtn.in Mil.
layan Buttf'rftics regularly apl>cariug at the SlIme time 
and place under two or e,'cn three distinct female 
forms; and by :Fritz iUiiIler, of certaill Bmzililln en1&
hlceallS likewise appcaring undor two widely distinct 
malo fonns. But the subject nced not hero be di.sc1l8SCCi. 

I have now explained bow, 88 ] believe, tile wonderful 
fact of two di:.:tinctiy defined castes of sterile workere 
existing in the same nest, .both widely diff"rent from 
t:ilCh other and {rom their parenta, has originntcd. We 
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can 8('(' how llI~cful their produC'tioll mny hl\.\'o becn to 
a aocinl community of ants, 011 thc 81\100 principlo thnt 
the di,-isioll of labour is useful to d\'ili:;ec.1 Ulan. Ants, 
howe"er, work by inherited instincta and by inherited 
organs or tool!'!, whilst man works by ncquired know· 
ledgo nnd muuufncturoo instrumcnts. But 1 must 
canfcl'''', thut, with all my faith in !latllnll select ion, I 
~hoilid IIc,'er luwe antici llBtcd that this principle could 
ha\-o been efficient in SO high a degree. had not the ense 
of thPSe ncuter insects cominced mo of tho fact. I have, 
then·forc, discu,!,S(!(l this case, nt fIOlll(' little bllt wholly 
ill~lIm ci{,l\t length, in ord('r to show the power of nn
tuml M'lcctiou. and likewise becallse tllii! is br fnr tho 
lOost serious bl)(>«ini difficulty wllit-h my theory hll8 
t'nl'()lIl1terc<i. '1'he case, nbo, is "cry interesting, as it 
1'l'On,'$ thnt with 3llimills, us with plant .... ally alllount of 
modificutioll in structure cnn be efft.'t'tcd br the accu
lOulation of l\\lmel"oU~, slighl, and Fl>Olltancolls "arin
tion~, which are ill any Illlinncr JltOfilaule, without 
('x(·rt"isc or hnbit hnving COIilC into piny. }'or 110 nmount 
of ex('roi~c, or habit, or volition, ill the utterly !'terile 
lIlembers of 1\ community, could 1Kl"~ibly aflret the 
IJinll'tureor insliucisof the fertile membeltl. which alOllO 
I('a\'o descelldullts. I 11m eurpri~cd thnt no one has 
.dvalll'('(l tide dcmonstmtive Cll86 of ncuter iusects, 
~inst lho weH-known doctrine of inherited hnbit 
.. Inl.nced by Lntnlirck. 

Summary. 

1 have emlenl'oured in this chapter briefly to show 
that the menllll qunlities of our domcstic animals ,'ury. 
and that the mriatious arc inherited. Still more briefly 
1 b.ne attempted to show Ihat instincts mry slightly in 
• ~tatc of natuf('. 1'10 ono will di~pute that illb"tinci.'I 
af>' of tile highc~t iml>ortnnco to ('8ch nnimnl. There· 
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fore I CUll see no dillicnlt.y, under clltlllging condition,; 
of life, in natural selection accuml1luting slight modifi
cations of instiuct to nnyextent, in ally useful direction. 
In some cases 1mbit or uso nlld disllso ]lawl probably 
come into play. 1 do 110t IJretend that the fnels gi\"(~n 
in this clmpter strengthen in any great degree my 
theory; but none of the cllses of difficulty, to the bc:st 
of my judgment, annihilate it. On the other hand, tho 
fuct that ili~tillcts are not always absohltcly perfect an(i 
are liable to mi:siakes ;-thnt 110 instinct has been pro
duced for the exclusivo good of other animnis, bnt that 
eacb animal takes advantage of the in~tincts of otllers; 
-tJ1I\t tho canon in lJatural hi~tol"y, of "Xatum 110n 
faeit saltulll," is applicable to instincts liS woJl as to 
corporeal structure, and is plainly explieablo on tho 
foregoing yiews, but is otherwise inexpiicable,-all tend 
to eorrobomte the theory of natural selection. 

'l'his theory is, also, strengthened by some few other 
facts ill regard to instincts; BS by that common case 
of closely allied, but distinct, speeies, when inhabiting 
distant parts of the world and living 11llder considcmbly 
ditlcrcnt conditions of life, yet often rctaining nenrly the 
same instincts. For il1stance, we can understand, 011 
the principle of inilf:ritanee, how it is that tho thrush of 
tropicnl South America lines its nest with 11111d, in the 
same peculiar manner M does our British thmsh: how 
it is that the Hornbills of Afrieil aud India have the 
Bnme extraordinary in~tinct of plastering up and impri
soning the females in n hole in n tree, with only a small 
llOle left in the plaster through which the males feed 
them and their young when Imtched: how it is that 
tbe mule wrens (Troglodytes) of North Amcrien build 
"cock-nest .. ," to roost in, like the males of our IGtty
wmns,-n habit wholly unlike that of any other kno\;-n 
bird. rinally, it may not be n logical dednction, Lut 
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to my illlngination it is fnr moro Butisfuctory to look at 
~t1ch instincts (IS tIm yOllug clI~koo e>jccting its fosicr· 
hrothcr«,-anls making sltnc~,-tho larne of ichneumo· 
llidro feeding within tho Ih'o bodicB of cnterpillnrs.-llot 
as !<pCCially endowed or crcnte<l inlltillcts, but llS small 
conscquences of 0110 generollnw, leading to the (ldmllCC

ment of (Ill orgnnic bcings.-Ilamcly, multiply, Yfiry, 
let the strongest lh'c find tho weakest die, 
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ClLIPTEH VIII. 

Di.ltinctioll betW(!CIl the bt~rility or fm;t C~ and of hybridll-
Rterili!y nrious in d~, not oui>(l"$:It, nffcetoo byeloee intcr
brrolill:;!, reuw\'cd by domestication-lAws l1:o\'emin~ the $teri
lily of hybriJ.i.--Sterility not a spceill\ endowment, but incident"l 
on other UiITCfCnc<.'II, not II('CIIlllul:ltoo by natumlllClection
CllU9l'& of tho sterility of first ertl6S('II mLd of hybrids-l'arnllcli.m 
between the effects of changedoonditi(nUl of lifennd of crQ&!ing 
-Dimorphism ami trin>OrI,hulIll-F'('rtility of ,'arieliC!! whplI 
clUlllCd and of their mongrel off"prill';; not uni,'crsal-llrbri,l~ 
ami mon~'n'18 WlIlpClrN indeJlemlentl~' of their fcrtility-Sum-
mary, 

'I'm: view generally elltertuille<1 by nutllTillisls is timt 
species, when intercTOS8C<I, have been specially endowed 
with tho quality of sterility, in order to prm'ent tho con
fusion of ull organic fonll~, This vicw ccrtilillly seems 
at first probable, for species Witllill Iho sarno NUlltry 
COIl1<lllllrdly hrwo kept distillct 1111(1 they been capablo 
of crossing freely. Tho importance of tho fact Ihnt first 
crosses betwccn dislillct species nnd hybrids arc very 
generally sterile, hfL~, I think, been much undel'rated 
by some late writers, On the thool)" of Ililtuml selection 
tho Ct\8O is e~pccially important, inasmnch ilS this sterility 
can )mrdly havo been increnscd by tho continued pre
SCTViltioll of sllccessive, profitable degrec~ of sterility. 
But to this subject I shall 1]("'0 to return, and I hopc 
ultimately to show that Ihlil sterility is neither n speci
ally acquired nor endowed qunlity, but is incidelltal 
011 other acquired and little-known difl'ercnces in tho 
reproductive systelll'! of the }larent-species. 
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In treating tlJis subject, two classes of facts, to 11 large 
extent fundamentally different, haye genemlly beeu 
collfolUlded together; namely, the sterility of tll"O speciel! 
when first eroS3ed, and tIle sterility of the hybrids pro
ducc<l from them. 

Pure species have of course their organs of reproduc
tion ill fl. perfect conditiou, yot when intercrossed they 
llroduoo either few or 110 offspring. ] r ybrids, Oil the 
other hll.Dd, have their rellrodu('tive or~UlS functionally 
impotent, os may be c1carly seen in the state of the 
male element ill both plants fwd animals; though Hie 
for!llatin~ OI"gans themselves ure pcrfeet in structure, as 
fRr RS tIle mioroscope reveals. In tho fh'st CIl80 the two 
sexual clement.'! whieh go to forlll the cmbryo arc pOl'

fect; in tho socolld ell80 they am eithe!" not Rt all 
deyeloped, or arc imperfectly dm·eloped. 'l'his distiu(!
tion is importa.nt, when the causo of the sterility, which 
i~ common to tllO two cases, hilS to be t"Onsidercd. 'fhe 
distinction has probably been slmTcd oycr, owing to 
the sterility ill both cases being looked ou as a special on
dow'ment, beyond the province of our reasouillg powers. 

Tho fertility of mrieties, that is of the forms known 
or beliO\·oo to have descended from common pnrcntE, 
when intercTOssc<I, amI likewise tho fertility of their 
mongrel offl!-pringJ is, \\ith reference to my thcory, of 
equal imrKll"tallce with the sterility of species ; for it 
seems to make a brood amI clear distillction Uctween 
mrieties and ~peeies. 

Degree, of Sterility.-:First, for the sterility of species 
"hen cl"osSL'(I and of tllcir llybrid om.pring. It is im
possible to stndy the ge"eral memoirs aud works of tho.sc 
two conscientions ilud admirable observers, K6lreuter 
Rnd Giirtner, who Rlmost de\'oted their lives to thi" 
subject, without l>eing deeply impressed with the high 
~lIerolityof some degree of ste!"ility. I\olrcuter makes 
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tho rule uui\'cnsul; uut then he cuhl the knot, for in 
ten eMCS in which Itt· found two fOMl\;l, considered b) 
most authors lUI distinct spt'Ciel', quite fertile together, 
11" unhesitatingly ronks them flS nlri(:tic;:. Gartnor, 
Also, makes thl' rule equally uuhel'Sftl j I\nd he disputes 
the ('ntire fertility of Kolreuter"s ten cas.'!!. But in 
th~ amI in many other CB_"C8, Giirtner is obliged care
fnlly to count the ~<t, ill order to ~how that then.' 
i" any degree of stHility. JIc ah\"l\)s compares th(· 
maximum number of 8CC(ls prcduced by two specie!olo 
when crossed and by their hybrid off~pri llg, with tIl(' 
Bn.'rngc lIumber produced by bolh pUfe l'ar£'nt..;;peciu 
ill a state of nature. Hut n serions Ct\use of error seems 
to me to be hcro introduced: a plont, to be hyhridised, 
1l1.l~4 be ca:;tratcd, and, what is OftCIl more important, 
must be secluded in order to prevent pollen being' 
brought to it by insects from other plnntll. Nearly all 
t he plAnts eXllCrimcntcd on by Giirtncr were potted, 
and wert) kept in n chAmber ill his hou~. 'fhat theSt.' 
l'roceBI;(!fJ are oftell illjurioU! to the fertility of a plnnt 
<'8.Ullot be donbk><l j for Gartner gi\,(~8 in hhl table about 
B 8COre or e88C8 of plants which he ca:;lrotro. Bud arWi
dally fcrtiiiY'(i ,,,ith their own polh:n, lind (excluding 
fill cases such ns the Lcguminosre, in which thero is BII 
flcblowledgcd diffi(:ulty in the mAnipulAtion) half of 
t\!('f;(} t llt.:nty 11iauli5 lind their fertility in &OliO degn'C 
illljl8in'll. )!oroo\·er. as Gartner repelltedly ('rotW.'1l 
,ome funns., such as th(' commou retl amI blue ]>im
Il('rud., (.\ nagnllis fln-Clisis Bud com,lea), which tIl(' 

I Ix-st botani~ls milk M "m"ietieiJ, mul found them al.· 
I I:-Oiutdy stf'ril,\ lI'e may doubt whether many othel" 
I III)('cics orc r~{llly 10 fllcri\c, when intcrcrossed, liS Jlt' 

bt'l ic,·ro. 
It is ccrtuin, (lll the olle Il.1l1d, thnt the sterilih' of 

\-Arious 8pC('it~ when erosscd is so diO'l'rcnt ill dcit"t't, 
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nllll graduates awny S0 insensibly, lind, 011 the other 
hillld, that the fe"tility of pure spccies is so ensily 
nfl'~~ted by vurious cin:-ulIlstanOO3, thnt for nll practieal 
purposes it is most difficult to suy whero perfect fcr
tility ('nds and sterility begins, I think no better cvi
deuce of this CfIn l>o required than that the two most 
cxpericnced obscn·crs \Iho ham e,·er lil"ed, namely, 
hoh'Cuter and Gartner, should hllve IIrri\'OO Ilt dill
mctricully opposito conclusions in regard to tho vory 
same s[lccics, It i~ also lllo~t instrnctivo to NlUpare----
Imt I bnvc not spl\re here to enter Oil detnils-the cvi
dcnce ad\'Uncod by our best botanLsts 011 the question 
\\11f~ther certllin douutful forms should be ranked as 
"JlI.'Cics or varietic!l, with the c"idcnco frolll fcrtility ad
lluced by different hyuridiscrs, or by tho &\me autllor, 
from experimcnts made during diflerent years. It can 
thus be shown tlnlt ncithel' sterility nor fertility affords 
lilly clear distill(:tion iJctwcen species aud ,'nrieties; but 
that the evidence floom this sourco graduates Ilway, 
Hlld is douutflll ill tho same degrec 118 is the c\'idelloo 
d,'rin~d from othcr cOl\s1:itutional and structural dif
ferenccs. 

In regard to tho stcrility of hybrids in succcssive 
generations; though Oii.l'taer WllS enaulcd to rear somo 
hybrids, carefully gU(l.n:\ing them froUl fl. eross witL 
l,jthcr pure parent, for six or seven, and ill one case for 
1<'11 generations, yet ho IU>l>Crts positi\'cly that their fer
tility ncn~r incrcnscd, but generally dccrenacd greatly 
anel suddenly. With respect to this decrease, it mny 
liNt l>o noticed thnt, when nlly deviation itl structure or 
constitution is common to both parcnts, this is oftCII 
transmitted in nil nllgmented degrec to tltO offsllring; 
AIHI both sexual clemcnts in hybrid llio.nts aTC already 
lIili..'Ctcd in some degrec. 13ut I 1Jelic\'o ill nearly all 
there CIlSCS, thnt the fertility hns lJet.1I diminished by 
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an independent cause, namely, by too close inter
breeding. I lun'c eollectc(l so largo a body of JilctB, 
showing on tho ono hand that au occasional cross with 
a distinct indi"j(liml or variety incl'('MCS the "igour aud 
fcrtility of the olf"'priug', and all tho other hand Illat 
"cry close interbrroding ICS:>ens their ,igour and fertility. 
that T must admit the correctness of thisalmostuniversnl 
belief amoDgst brecders. Hybrids aro seldom raised by 
expcrimelltalists ill great lIumbers; and as the parent
species, or other allied hybrids, generally grow in tl10 
same gurden, the ,'isit;:; of insects must be cnrcfully 
prevented during the flowering Renson; hence hybridll 
will generally hM'O to be fertilised during eneh genert\.
lioll by their own indiridual pollcu; nud this would 
probably be injurious to their fertility, already lef;8ClIC<\ 
by their hybrid origin, I am strellgthened in this COll
viction by n remarkable statement r('peatedly made b~ 
Giirtner, namely, that if even tho less ferti le hybrids 
be nrtificially fertilised with hybrid pollen of thc Sntll(; 

kind, their fertility, notwithstanding tho frequent ill 
effeet.3 from manipulation, sometimes decidedly increases, 
and goes on iuerensillg, Now, in thc process of IIrtificial 
fertilisation, pollen is as often tllken by elllll](,o (ns I 
kllow from my own experience) from tho anthcrs of 
another flol'l'er, as from the II.lIthers of tho flower it::K'if 
which ii to be f\:rtili.sed; 80 thnt a cross betwcorJ two 
flowers, though probably often 011 tllc samo plant, would 
be thus {'fTcctetl, Moreover, wllene"er romplicnted 
experiments nto ill Ilrogl'C£8, so cfirefnl nil obsen'cr (lot 

Giiltner would havo eastmted Ilis hybrids, lind thi~ 
would illlye insured in each gew:rntioll II cross with 
policH from II di~tillct flower, eithel' from the SIIIlle' 

}llnnt Qt' from nnutil('l' plaut of tI1C salllO hybrid nnture . 
. \.lId thus, tho I>tmng-e fnct of the increase of fertility ill 
ti,csuceessi,'c gCllcmiiolls of artificiall!f jtrtili8€d hybrid,; 
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mar, as I beliel'e, be f:\.Ccounted fOJ" by too close inter
breeding having beell avoided. 

Now let us tUrn to the results alTh'ed at by the third 
most experienced hybddiser, namely, the lloll. and 
nc,", W. llerbcrt. lie is as emphatic in his conclusion I 

that some hybrids are perfectly fertile-as fertile as the 
pure parent-spedes-as are K6h-cuter alld Gartner tllat 
some degrce of sterility bet,ween distinct species is a 
Illiiversallaw of nature, lic experimented all some of 
tIle "ery same species as did Giirtner, 'l'he difference 
in theil" results may, I til ink, be in pmt accountcd 
fm' by IIerbert's gl"cnt horticultural skill, and by hi" 
having hotl lollscs at his ('()Illnmud. Of his mnny im
portnllt statements I will here give only a siugle one as 
nn example, namely, that "every ovule ill 0. pod of 
Crinum co.pensc fertilised by C. rC\'oIntllm produced a 
lliant, which (he says) I UCl'cr saw to occnr in a case of 
il3 11ntllml fecundation." So thnt we here have perfect 
or even more tlum commonly perfect, fertility in 0. first 
('T();:,3 between two distinct species. 

This case of the Crillum leads me to refer to II. most 
singnlnr fact, namely. that thcre arc individual plants 
of certain species of Lobelia and of some other gellom, 
which cnn be far Illoro easily fertilised by the pollen of 
another and distinct species, thnn by their own l)Ollen; 
aud all tho indi\'iduals of llearly all the species of Hip
pcastrum seem to be in this predicament. :For these 
plnuts have been found to yield see<l to the pollen 
of 1\ distinct species, though quite sterile with thcir 
uwn pollen, llotwithsto.nding that their 011'11 pollen 
was found to be perf~tly good. for it fertilised dis
tinet species. So that certain individual phUlts 8ud 
nil the indi\'iduals of C(!rtaill species call actually be 
hl'bridised much mOl'e l"('adily than they Cilll be self
fl:rtiliscd! For instance, a bulb of Hippeastrum au-

03 
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lipuIU produced fuur flowers; three were fertilised Ly 
l1erbcrt with their Qlrll pollen, (md the fourth W(lS 

subsequently fertilised by the pollen of a compound 
hybrid descended from three other and distinct "pecies: 
the l'ftIult WfUI tlltl,t "the OVRries of the three first 
flowers !'O()u ceased to grow, find nfter a fcw dll.Js 
perubed cntirely, whereas the pod impregnated by the 
pollen of the hybrid mnde vigorous growth nud ropicl 
progress to mnturity, find oore good !;ted, whieh "cge
tnte<l (reck" III t\ Ictter written in 1830, Mr. HerLert 
told me tl;o.t he hud thcn tried tIle experiment durill£, 
fh'e yean, and he continlle<1 to try it during sc,'cml 
subsequent ycars, and nlways with the same result. 
This result hos, also, been confimled by oth(·r obsenel'S 
in tbe ease of llippeustrum with its !>uh-gcnero, and in 
the ease of some otiH:r gencm, us whclia, Verbn..-':;culll, 
unci cl<pedally Passil1om. Although the plants in these 
experiments uppeared perfectly healthy, nnd nltllOugh 
ooth the o\"ules aud pollen of the samo flower were 
perfectly good with J'L'spect to other spceie~, yet, as they 
were fuuctionally imperfect in theil' mutual sclf-uction, 
we must infer that. the plrLllts were in an uunatuml 
!>tnte. Nevertheless these facts show on whnt sligllt 
f\lld mysterious callscs the lesser or greater (ertility of 
Hpeci('s when cro&;eci, ill com}ml'i:lOu with tho MillO 
'~I'h:ci(!3 whcn 8(llf-ft'rtili.:,;e(I, sometimes depends. 

'l'he prncticul exrK'rimenls of horticulturi:;til, though 
not made with lCientific llrecisiou, de,wrn~ some no
tice. It i,~ notorious in how complicated 0. monuer 
the -speci(,9 of llelnq,''Onium, Fuchsia, Calceolarin, Pc
Itmia, Hhododcndron, &e., hayc bCf'1l crossed, yet man~' 
llf theso hyorids seed frody. For ill~t!lUCC: llerbe;t 
nMerts that n llybrid from Cnlccolnria integrifolia 
(Iud plaJltaginea, spedes most widdy dissimilar in 
gl'llcrol habit, ., r('producro. ill!iClf as pcrfl.'Ctly as if 
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it had 00t'1l a natural specit'R frolll tho mountaius of 
Chile." I Illne taken some pains to osccrtain the 
d"gree of fertility of some of the complf'x cros~es or 
Uhododcndroll ll, nlld I am O&ured thnt mOllY of thf'm 
Ofe lX'rfoctly fertile. Ur. C, Koble, for instance, infonu9 
mo that ho mi~f'S stocl.s for gro.ftillg from n hybrid 
h"twecn Uhod. Ponticum nnd CatnwbiclIsc, and thnt 
this hybrid " sce<1s as freely as it is rlOl>siblo to imaginc." 
Had hybrid.~, wIlI"n fairly treated, always gone on de
('!'efllj.jllg in fertility in coch sucCClSlih'e genf'mtion, ft.9 

Gartncr helicHxl to be tho Cft.."<', the fact would IUH-O 

beell notorious to n\lfl;Crymell. Horticulturists mist' 
largo lJe<is of the same hybrid!!, an.l slIch alone arc 
fnirly trt'nted, for by ill;;oct agl'lley the I!(!\'ernl irnli
\-idunis of tho Mille hybrid H\rit'ty nre allowed to freely 
CI'OSiI wilh eaeh other, and tho injuriou!I illflu(!llcO of 
c1080 illtcrbrcooins is thus 11'"OYcnted. Anyone mil)' 

rl'ndiiy ('om inee Ilimsclf of tho efficiency of insect
agency by examining tlle flowers of tliO more sterile 
kinds of hybrid nhododeJldrolt~, \\llieh produce no pol
l,,", for he will find on their stigmas plenty of pollen 
bronght from other flowers. 

]n rt'g8nl to animals, much fewer experiments hal"C 

11o..'C1I carefully tried than with llinnts, If our systematic 
amlllgcmcllts can be trugtcd, thnt ia, if the genero. of 
animals nro Il8 distinct from each other as are the genera 
of plants, then wo may infer that animals more widely 
kpnrnled ill tlm scale of nature can 00 more easily 
CI'08IIC<l than in the case of plallts; but the hybrid .. 
themllCh'cs are, I think, more sterile. I doubt whethcr 
any case of a perfectly fertile hybrid animal cnn 00 
OOIISiJcrcd lUI thoroughly well outhenlicatcd It .I;honld, 
bo1l"e¥cr, be borne in mind thnl, owing to fewa!lima!;" 
breeding freely under conlinement, few experiment.s 
haye been fairly Iried: for instancc, tho canary-bird 
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hM been crossed wilh nino other fiuchCfl, but, as not 
0110 of these nine spe{'ies brt'eds freely in confinement, 
we hfl,\'o 110 right to ('xl)(!(>t thnt the fir~t crosses be
tween tll(lIn and tho ennary, or thnt their hybrid", 
sliol1hl bo perfectly fertile. Af,"il. in, with respect to tho 
fertility in successi\'o gellerntions of tho more fCliile 
hybrid nnimnl~, I hardly kllOw of nn instancc in which 
two fnm ili(l8 of tho sume hybrid biWO been raised at t lH~ 
sarno timo from different parents, 80 as to nvoid the 
ill onCe!.!! of close interbreeding. On the contrnr~', 
brothers nmi sisters III,,"c usually been crossed iu each 
successi\'o generation, in opposition to tho colli'tantl~· 
repented oomonitiO:l of en~ry breeder. Ami in this C88(', 
it is not nt all surpriliillg thnt tho inherent sterility in 
the hybrids should hllYo ~ue on increa$ing. If we 
were to nct thll8, nnd pnh' brothers nnd sistNS ill tho 
Cl\SO of nlly pmo ollilllnl, wh ich fl'Om nny cause had the 
least tendency to sterility, tho brood would assuredly 
be lost in a fow gClleration9. 

Although I do 1I0t know of nny thoroughly well
authenticated CRSCfI of perfectly ferti lo hybrid animals, J 
have reasou to belitwe that tho hybrids from Cenulus 
vaginalis nnd Ueevesii, 8ud from Phnsinullil colchicus 
with P. torquntus, nre perfectly fertile. From the 
experiments lately made on a Inrge ROnle in :Frnllcc, it 
seems that two such dbtinet species IlS the Imro lind 
rabbit, whcn they call be got to breed together, produc(' 
offspring almost perfcelly fcrtile. ' I'hc hybrids from 
tI l(l COUlmOIi and Chineso geese CA. cygnoides), speci.: .. 
wh ich are so d ifferent thnt they nrc generally mnked 
in distinct genera, hayc often bred in this countr:' wilh 
either pure parent, aud in onc single instance they hon' 
bred inUr M. This was effected b~' Mr. Eyton, who 
mised two hybrids from th(' !'nm£' prLfCnls, but from dif
ferent hatches ; nnd from liI('sc two birds hc rniSl'd uo 
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:':lltl::~ ejl~~~.hY~I;:dS]~S~:I~~!~:~:~:~~: °t~l~: P~I:!=~ I 
!!t"'Cse 1llUJ;j, be far 1lI0ro fertile; for I am nSbllrro by two 
eminelltl~· capnbl(' jndg('8, Ilamely :Mr. Blyth and Capt. (0-1 4", .. 
HuttOIl, that wholo flocks of these {'t'(~~ed seese are .... r .. ,}~ 
kCllt in various parts of the country; and IlS they (Ire . 
kept for profit, wileN neither pure prm.'ut-spedes exists, 
they IIm,;t C<!rtainly be highly 010 pcrfl'<.'tly fertil(' . 

. \.. doctrine whieh originated with Polltls has been 
IIn'gely ncccpte<1 by modern llatul1lli!<ts; nnlllel)" that 
IIlOdt of our dOllle~tic (luimals ha\-e dc!;('cnded from 
two or more wild specie~, !linee commingled hy inter· 
(,I'()&';ing. On Ihis "jew, tll(' aooriginal "1lC<'ics must 
dtlll'r lit first haWl produced quite fertile hybrids, 01' 
Iho hybrids mu~t hayo become in 8ulMcqU('nt genera
tions quite fertilo uuder domc;;ticatioll. l'hlil latter 
ulternatiyc seems the Illost probRble, and T haye hardly 
nlly MuLt of its truth, althougll it l'e~ts 011 no direct 
(,"idt:tlcc. It is, for installt'e, ahu08t certain that our 
dogs ha,'e dcsc('ncled from ge"t'ml wild stocks; yel, 
with perhaps the (':tCeption of certain indigt·nous do
m('Sl.ie dogs of Soulh Amcricn, all atO quite fertile 
together; and IlDillogy makC3 me greatly doubt, whether 
the son,ral D.boriginul spceies would ut first lul.\'c fmelr 
hred together fl.ll(1 hu,·o produced quite fcrtile hybrids. 
~ ugain I lul.\'c lately Required decisi\'e cvidence tbnt 
the eJ'()&;C(\ offspring from the Indian humped and 
('Ommon cattle atU intt7 « perfectly fertile; and from 
the ollJS('r\'lltiOlls by lHitimeyer on their important 
Ul'iteologknl difTerence~, Il.B well us from tJ10se by ;Uro 
Blyth on lheir diflcrcnces in habils, ,'ok'e, constitution, 
&c" thcse two forms must be rcf,"Ilt'(Ie<1 os.good and 
di~tinct species-as good nil all)' in the world. On Uljji 
,j('wof the origin of many of our domcstic aniwals, we 
mut<i dther give up the l.x>1ief of the almost unin'rorol 
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sterility of distinct species of animals when crossed; 01' 
we lIlu,;l look at sterility, not as an indelible charaeter
htic, but as one callable of being rcmoved by domesti
cation, 

l~inally, considering all tllO ilscertaillcd facts on the 
iutcrcros~iug of plants and animals, it may bo COll
cluded that some degree of sterility, both in fir:;t CrOsses 
find in hybrids, is an extremely gCllenll rC$tlit; but tlmt 
it cllnnot, ullder our present stato of kno\dedge, be COIl
sidered as absolutcly universal. 

LaW8 got'erning tllC Sterility of /irlt Orouell and of 
IIybrids, 

'Ve will now consider a little more in detail tho 
circum~hl1lCCS aud rules gOl-el1lillg the sterility of first 
crosses and Dr hybrids. Our chief object will bo to 
see whether or llOt the rules indicnte that sllC{'ies haHl 
specially been endowed with this quality, in order to 
preycnt their crossing and blending togetlwr ill ntter 
confusiOll, Tho following rules and conclusions arc 
chiefly dmwll IIp from Giirlner';; ndmil'ablo work all 
the hybl'idisntioll of plant;;_ I ha\-e taken much pains 
to nsccrtain how far the rules npply to nnilllalg, nnd, 
(·onsidering hOIl scanty our lmowlodge is in rcgmd to 
hybrid [\\limals, I 111\\'0 been surprised to find how 
generally the samo rules apply to both kingdoms. 

It hus bren nlready relll[ll'ked, that the degree of 
fertility, both of first erosses and of IlybridOl, graduates 
from zero to perfect fertility. It is surprising in holY 
many curious ways tbis gradation can bo shown to 
cxmt; but ouly the barest outline of tho fncts call here 
Oc gi\·en. Whell pollen from a plant of one family is 
plaeed on tlte stigma of tl. plaut of u di~tinct falllily, it 
Qxerls DO morc influence than so much inorganic dust. 
j·'rOIll this absolute zero of fertility, the pollcn (If differ-
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cut species of the Sll.llle gcuus aJlplicd to the stigma 
of some olle species, yields n perfect gmdntion in th(' 
nUIlllx:r of seeds produced, lip to nearly complete or 
e\'cn quite complete fertility; and, as we have secn, in 
ecrtain abnormal cases, even to au exce,;s of fertility, 
beyond that which the plant's OWIl pollen will pnxluc~. 
So in hybrids themselves, there are some which lleycr 
have produced, and probably lIcyer would produce, eyen 
with the pollcn of cilllcl' pUfl' parent, a singhl fcrtil(' 
sred; but ill sollle of these cases a firot trace of fer
tility lllay be detected, by Ihe pollen of onc of the 
pnre IlUrcnt,spc<:ies causing the flower of the h)brid to 
wither carlier than it otherwise would have dOlle; and 
the early withering of the flower is well known to be 
II sign of incipient fertilisation. From tlLis (:xtrcme 
dcgl"ce of stcl'ility we hawl self-fertilised hybrids pro
ducing a greater and greater number of sced~ lip to 
perfect fertility, 

Hybrids from two species wllich are ,'crr difficult 
to cro~~, and which rarely produce any offspring, arc 
generally Hry sterile; but tIle parallelism between the 
dilliculty of making a first cross, and thc sterility of the 
hybrids thus produced-two classes of fucts which Ill'(! 

genNally confounded together-is by no meuns strict. 
Thefe lifO llIuny cases, in which two purc species CUll 
Ue uuited with unusual fucility, and produce numerous 
hybrid-olT~prillg, yet these hybrids are remarkably 
sterile. Oll the othcr hUlld, there are species which 
can be crossed y(lry 1"8rely. or wilh extreme difficulty, 
bllt the hybrids, when at lust produced, lire vcry fertile. 
};\'cn within the limits of the rome genus, fOf instau('(! 
in Djanthll~, these two opposite cases OCCIll", 

'l1le fcrtilitv. both of first crosses and of hybrids, i-i 
morc cn~jly ~fre('ted by unfayoumble cOlldit i~1l8, thun 
i~ tho fertility of PIIl,(! species. But tllO dcgree of fer· 
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t ility is likewiso innately variable; for it is not always 
tho same when tho sarno two species arc erossed under 
tho samo circnmstanccs, bllt depends iu parl IlIXlIl the 
constitution of tho indi\'iumlls which happen to have 
been chosen for the experiment. So it is wilh hybrids, 
for t1lCir degreo of fertility is qften found to differ 
greatly in tho severnl indh-idllals mised from seed out 
of tho same capsulu and eXIXlsed to tho same COli
ditiolls. 

]Jy tIle krill systematic amnit)' is meaut, the resell)
lJlnuce between species in structuro and in cOllstitut ion, 
mOl'O especially in tho structure of parts Wllich arc of 
Iligh physiological imlXlrtanco and which diller little 
ill tho allied species, Now the fertility of first crosses 
between spe('ies, ami of tho hybrids produced from 
them, is largely 6"Overned by their sJstematie allinity. 
'l'his is deurly shown by hybrids nen~r hll.\·jng been 
raised betwccn species ranked by systematists in distinct 
families; and on the other hand, by very c1oscl~' allied 
species genernlly uniting with facilitr. But tIle eol'l'(!
spondence betwccn systematic affinity and the facil ity 
of crossing is by no memlS strict. A multitude of cases 
could be gi\'cn of Yery closely allied species which will 
not unite, 01' only with extreme difficulty; mId Oil the 
other haml of very distinct species which unite with the 
utmost facility. III the sume family there may be a 
genus, as Dianthus, in which very many species CUll 

most readily be erossc<l; and another genus, u.s Silene. 
in which the most pers~\'eriug en'orts ho.\'e failed to 
produce between extremcly close species a single hy
brid. Elen within t he limits of t he same gClIlIS, we 
meet with this same difference; for instllllcc, the lllllll\' 
species of Nicotiann ha"e been more largely eross~l 
than tho species of almost any other genus; but GUrtner 
found tbat N. acuminatn, which is not a port iculnrly 
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distinct spedCiJ, obstinately failed to fertili~c, or to Le 
fertilised by, no less tllnn cight other species of Kico
tiana. Very many analogous fnets conld be gin'n. 

No one has been nble to point out what kind, or what 
(amount, of difference ill any recognisable character is 
sufticicnt to prevent two species crossing. It can be 
shown thnt plants most widely diO'erent in habit and 
genemiappcRmncc, and having' strongly mnrked difier
cnoes in every part of the flower, even in thc rollen, ill 
the fruit, and in the cotyledons, can be crOSSl"':l. An
llUal Rnd perennial plants, deciduous (Iud e\"cl-greell 
trees, plants inhabiting different stations and fittcd for 
fOxtremdy different climates, call oftcn be crossed with 
eaS<'. 

By a iCeiproc..'ll er08.i ootwC<ln tll"O species, I mean 
tho case, for insbllce, of a stallion·1101'SO being first 

. crossed with a female-a~, find thcll a male·ass with a 
Illarc: these two species mny then IJc $lli,d to have been 
r<x'iprocaJly crossed. 'l'here is often the wi(iest pOSlliblc 
differeuce ill the facili ty of making reciprocal crosses. 
:-:'uch efiSCS arc highly important, for tliey prove tlmt the 
cnpncity in Ully two species to cross is often completely 
independent of their systelllntie uffinity, or of filly 
differcnee in their whole Ol·ganisntioll, except in their 
rcproductive systcJns. The d iversity of result in rcci-
11rocai crosses between tho samo two specics WfiS IOllg 
a30 ollsen'ed by KOlreuter. 'ro gi,'o all instance: Mi· 
r •• bilis jalapa can easily be fertilised by the pollen of 
3L longifloru, and the hybrids thus produced arc sufli
dcntly ferti le; bllt KolrCllter tried more tllall ill'o 
hundred time», <lUl·iug eight followiug yeflrs, to fertilise 
reciprocally M. lougifiom with the pollcn or M. jalapa, 
and utterly f1\iIOO. Severnl other cqllally striking eflS('6 
<'uul<l be gh·en. Thm·ct has observed thl' same fuet 
\Iilh cerluin sen-weeds 01" l;'uei. Giirtller, IllOJ'('O,'cr, 

c 'he Complete Work of Charles Darwin Online 



:JOG L.IWS oon:mmw TIU: STEnU,IT\' CnAI·. ,'III, 

found thll.~ tll ia difference of fucility in making reci
Ilrocnl crosses is extremely common in n lC83Cr degree. 
He IJll.so~ned it oven between forms 80 e1Ol1Cly related 
(RS Uatthiola IUlIlUIl and ghlbm) tlilt mally botonists 
mIlk them only flS nlrietics. It is also a remarknble 
fuct, that hybrids raised from reciprocal crosses, though 
of courso compounded of tho VCI·y samo two species, 
the OIlC ~pedes hn\'illg first. been used os tho father and 
then all tho mother, though they rarely differ in c:denml 
eharneters, yet genemlly differ in fertility in II. small, 
Ilud occ(l;<ionaiJy in n high degree. 

Se\"er(l) other sing-ulllr rules coultl 00 gil'on from 
Giiltncr: for instance, somo species hfn"O a relllllrkablo 
power of eros=;ing with other species; other species of 
the Stl.llle genus hayo a remarknhle power of impn'ssillg 
their likcn('S8 on their hybrid oO'spring; but these two 
powers do IIOt at all necessarily go together. Tbere are 
certain hybrids whiell, instead of haying, 11.'0 is I!:lUIlI, 
1111 intermed iate cllamcte,' Octwccn their two parenta, 
nlwa~"s e1<mely resemblo ono of them; nnd 81lf'h hybrid!!, 
though externally so liko one of their pure parent
speciCfl, nre with rore exceptions extremely st.;rile. So 
n:;nill among,;t hybrids which aTC uslmlly inwrmooiato 
in btructUI"O betwccn their parent!!, exceptional and 
abnormal individuals IIOmctimes are bonl, which closely 
lX'SC!mbl(> one of their pure parents;" and theg(' hybrids 
(lro ahno>-t nh\·a~·8 utterly sterile, even when the other 
llybrids mi,.,oo from seed from tho sallle enjJsnle ha'"e a 
consideroble d(>gre<l of fertility , These filet:! show how 
rompletely fE'rtility ill the hybrid is ill<iE'IJClldcnt of it~ 
extenUll 1\..'Selllblllllee to either pure parent. 

COII~idering thc sol'eml rules now given, which go,"ern 
thc fertility of first Cro8SCS ond of hybrids, wo see that 
when forllli'!, which must be coll,;idered as goo:xl nnd di~
tinct species, are united, theh fertility graduate8 from 
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!no to perfc(·t fertility. or C\'en to fcrtilit)· under certain 
t'{/Il,\ilions iii excess. 'fhal their fertility, lxc~idl's being 
(·minently susceptible to ("mnmble and UllfUYOllmble 
('Onditioll~, is innately "ariable. That it is by 110 means 
always the salllO in degree in tllO fin-t ero:;;; and ill the 
hybrids 1·I·oduced from this crl)S~, That tho (ertility of 
Ilybrids i" not related to tho degree in which they 
1'C',ocmbie ill ext('rnal appeamn('(l either parent. And 
la~t1y, that till' facility of making a lirat (,1'0>18 between 
any two Spl.'ei~ is not always goveflll1:i by their s)'s
h·matic affinity or degree of r('~cmblanco to rod! other. 
This lalt(·r I:Itnwment is clenrly pron,<l by the differencc 
in tho rt'''ult of reciprocal Cru;,.;C8 OC·tllecll til{' 811m£' two 
~i'eei('S. for, according as tho aUf' s}lt'Cit'8 or the other is 
u:!C(1 as the f'lther or tho motlic)', thf'te i:I gCll('mlly 
somo difference, and occn!lionally the widest possible 
(liITcrencc, ill the facility of effecting flll union. 'rho 
IJybrid~, morco\'cr, pl'odl\ced from I't'tiproeni cro,;scs 
"ften differ ill fertility. 

Xow do th('80 complex and sing-111m' ml,·s indicate 
that sl'{·l'i,·~ hnve been C)uJowcu with ht!'rility simply 
1.1 prt·\'t·nt tilt·ir becoming eonfoulldl~l in unturo? I 
think not. 1·'or why should tile sterility be 80 extn·mely 
different in dcg1't"f', when Ylwiolls spo(·il·,; nrc er065Cd, nil 
of which WI' must suppose it would IJo equally importnnt 
to keep from blending: together? Why ~hould the de
~rc1' uf sterility be innatelr \'I\l'inble in the indivhlu(lis 
of the smne I!pecics? "'hy SllOUld some specics Ci'088 
with f'1<:i[i1y, nll(I yet produce \·ery stedlo hyurids; und 
other I!Jlceics cross with extreme diflicuHy, nnd yet pro
dure fllirly fcrtilo hybrids? Why should there often 
I ... • so h'Tt'nt a difference in tllo rel!ult or n reciprocal 
('tl,.;,J o..,tWCt'U th., same two SI)l.'Ci('1I? Why, it Dlay 
("-en lx, nske<l, has the produetion of hybrids been 
)'Crmitt"ll? To grunt to specit·s thc spc<:inl power of 
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producing IlybriJs, and then to stop their further pro
patiation by different degrOOl of sterility, not strictly 
related to the facility of the finst llllion bctw~n their 
porenfil, seems to be a stmnge arrangement. 

'fho fore:;oing rules and facb, on tIle other hand, 
npl}CaT to me clearly to indicate that tho sterility both 
of fir.st erOS3('S and of hybrids is s.imply incidentnl 0 1' 

dependent on unknown dift'eren/X'S in their reprodue
tin) sr.-;tem~; tho differences being of ao peculiar and 
limited a nature, tllat, ill reciprocal crosses between two 
species, tlit· male sexual clement of the one will often 
freely act on the femalo sexual element of tho other, but 

( ;~~:il:l~ ~i;~I:e=rcd;I:~;i~;. aIlI!~:i~I!~ :.fl:~~b:e~l ~;: 
sterility being incidental on other differeuces, nnd not 
Il. $pecially endowed quality. As tho capacity of one 
plant to be grafted or budded on another is SO uuim
portHllt for its welfare ill II. stato of nature, I IlreSlIlllO 
that 110 ono will sUJlpose tllat this C(lpacity is a .pecially 
endowed quality, but will admit that it is iucidental 
0:1 diflerences in the laws of growth or the two plants. 
,re can sometimes see the reason why one tree will 
110t take on another, from differences in their rato of 
growth, in the hardness of their wood, in the pcriod 
of tIle flow or nature of their sap. &c.; but in II multi
tude of cases we Cilll assign no reason whatever. Great 
tli,-crsity in tho size of two l,lnllts, 0110 being woody 
and the other herbaceous, one being evergreen and 
tho other deciduous, and adaptation to widely dilfcr
ent climates, do noL always prevent tIl() two grafti ng' 
togclher. As in hybridiSiltion, so with grnfli ng, till.' 

capacity is limited by systematic affinity, for 110 olle 
has been ablo to gran trees together belonging 10 quile 
distinct families; anti, on tIn"! other hnnd, closely allied 
!!1}Ccies, and varieties of the same spccie9, can \Isunll~', 
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I.mt not invariably, be gmfted with easc. But this 
capacity, as in hybridisatioll, is by no means absolutely 
goycmed by systematic affinity. Although lllany dis
tinct genem within the same family ha\"e been grafted 
together, in other cases species of the same genus will 
not take all euch other. 'fhe pear can be grafted far 
more readily on the quince, whieh is runked us a diE-
tinct genus, than 011 the npple, which is a member of 
the same gemls. Evell difl'crent varieties of the penr 
take with difl'crent degrees of facility 011 the quince; so 
(10 different mrieties of tlle apricot alld peach on certain 
mrielies of tile plum. 

As GUrtner found that there was sometimes an innate 
difference in different individual8 of the same two "'pc· 
cies in erossing; so Sagcret believes this to be the case 
with different individuals of the same two species ill 
being grafted together. As in reciprocal crosses, the 
facility of effecting nn union is often very f(lr from 
equal, so it sometimes is in grafting; the common 
gooseberry, for instance, cannot be grafted on the 
cnrrant, whereas the currant will take, though wiih 
difficulty, on the gooseberry. 

We have seen that the sterility of hybrids, wllieh 
have their reproductive organs in an imperfect con· 
dition, is a. diflereut eusc from the difficnlty of uniting 
two pure species, which have their reproductive OrgHns 
perfect; yet these two distinct CfiSCS run to n certain 
extent pa.rallel. Something analogous occnrs in graft· 
ing; for 'l'houin found that threo species of Robinia, 
whieh seeded freely on their own roots, nuel which could 
be grafted with no great difficulty on another specieR, 
wben thus grafled were rendered barrell. On the OtllCl· 
hand, certain species of Sorbus, when grafted on other 
.pecie!!, yielded twice as mnch fl'uit as when on their 
own rools. We are reminded by this latter fact of 
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the cxtraordinary Cil...q) of niJlJl('(l~tnnll, Pil!l'!iflorn, ,~-('"' 
whidl ~I mueh lIlore freely whf'1\ fertilised with th" 
pollen of distillc·t IIpedec:, than \\"h('n fcrtili",·d with thcir 
own pollclI. 

"'0 tlm~ k,(,. tlll\l, nltlwugh thcre i~ a ('lenr nlltl 
fulltlamenlul ditrl'rcnf'O between thl' mero ndh('llion of 
grnfted slock~ (lJu! the union of tho mAle nnd femnl!' 
(·it·mcnh in tho lU"t of reproduction, yet that thf"re is 1\ 

rudo degree of I'Arnllt·1j.;," in the 1"C6ulu of grafting Bn,l 
of cro>!Sing distill('t !I[K'Cic<I. And M wo must look nt 
the ('uriO\1! AUti complex lnws govcmiug" the facility \\ill! 
which tl"CClJ ('(In be grnncd on ench other I\iJ incidental 
on unkllown dilT'"rcll('('fI in their vC'gt'lnth"o IIr"'lcm~, II) 
r bdit"\'e that the !ltill more romplex lnws sovcrnin~ 
tho fa.cility of fin<t ('l"OII@('S are inddontal on unknown 
differences in their l""('llroc.lueth·c !ly~tem'. TheM ditrer
ences, in beth eA~C!O, fullow to n certain exl('nt, ns might 
have been expl."t'h,<l, systc-mntic nffinity. by which c,"('ry 
kind of rc:wmbltlll('O and dis~irnil(lrity lx"twOC'Jl orp;1lnil' 
bdngs is ott, "mpt£'<\ to be el:p~L The fnets Ly M 

mc-nnA at'Cm to me to indirate that tb,' grt'1lkr or h'''~'r 
difficulty of either grnftillg or cl'Otl<;..ing t~ethcr "Mion", 
~pc<""ie8 has been n 8JX'<'illl endowment; Although in tllll 
l'MO of c\'OB."ing. tho difficulty if! as imporltmt for tlw 
,"mlumnco Ilml Itability of specific fonn". I\IJ ill th{' COA.' 
of grafting it is unim}}O)rtaut for tiwir "clfare. 

Ori!/m oll,l (,'nltn oj the Sfuilil:J of fir" Cru.~ a"J 
njH!JtriJI. 

( to ~:h:~: t~::~fttl:~ :l;:~:;\:~l:~oh~~ba~~~; ::~!Ii~~ 
through lIutumi 8("I('('tion slowly nl"ting on n l:!.lighlly 

I k""l'Ilf'(I dt"gte(' of fl·rtility, which At first spontmu.'Olwy 
nppcaml, like ally t1ther vorintion, ill C('rt'lin ill'lh"iduBl. 
of 0110 \"Briely when Ct"'OlStt!'(\ wilh nnQthcr Yoridy" }'uf 
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it would clcarly be ndvallltlgeou~ to tlfO mridies or 
incilJil'lIt "1)t.'C i e.~, if Ihey could be hJlt from bleuuillg, 
Oil the snllle IJrinl'iple thnt, when !Dall is ,,·Iccling Itt 
the some timo two mrieti('~, it is lI()('c~38ry that he 
~hould kcep them scpnmi<'. III the first plael', it mny 
be remarkod that di~tillct regioll>:! are often inhabited , 
by gTOupS of FI)C('ies aud by ~inglc species which when 
brought together and <'I'OSSed nre fouml to ~ 1lI0re or 
It·...s btl'ti lc; now it could clC!flrly hlwa t",('11 of no ad
valltage to bll('11 scpnmted Spl~('it'8 to IU1\'o bwll h'nuercd 
mntually skrile, nDd consequently this could not hM'C 
oc.cn effected through lIallll'l\l scl('('tioll; Imt it may 
perhn!,s 00 argued witb truth, that, if a tllle"i,'" were 
ren.lered sterilc with some 0110 compatriot, ~terility llith 
othf'lr specil'!J would proo..'lbly follow ns a nt'CI'~_ary con- I 
tingency. In tht' second place, it is 119 nnW!l oppol'ied 
to tho thoory of natuml fj('icction as to tlull of sJX'<'ial 
Cl'CIlt ion, that ill I'ceiprocnl ('rO;S1ICS tho malo ('Il'Ill('ut of 
ODe form ha9 sometimes been rendcred uUt'rly impotellt 
on 0. 8(.'<'Ond form, whibt at tho Iitlme timo th,! male 
eil"mf'ut of thi.1 8CCQlld form is enabled frody to f"rtili~c 
tho fi~t fonn. 

But in con~id"ring tho prolR\bility of natural 8dt'Ctioll 
tun"ing oo:no into action, ono great diOll'uity will Jy. 

found to lio in the existell('f) of many gru.duated steps 

f:: ;~~:~;i~~~h~ll ::;n:l ~~I~::!!~l~oo::l~~~e a~~~n~~ 1 
.bo'"c explained, that it would profit an incipient spcci<.'il 
if it "''\'to rendered ill somo slight degree sterilo whcn 
CII08IJ('(I with its pan:nt-form or with somo otlu.'r mridy; 
- tlulIl fewcr Uastardiscd and ucterionltcf\ offspring 
WOIJI,I be l'roliuc(:tl to comminglo their blnod with tho 
MWly.(.)nning Tarit.'ty. Dnt hc who will takc the 
troQble to rene,·t 011 tho stope by which this first d<'g'TeO 
ahtt'rility could be in('retl"ed through natural &election 
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to that high degTce which i;! common "ith so many 
l'lpecics, /lnd which is universal with 8p<x:iell which haw} 
b<X:1l diffen:mtinko<l to n. generic or flllnBy mnk, will find 
tho subject extmordinarily complex. After maturo 
reflection it 8('C1ll'l to mo that this coulJ not. ham been 
crrcctcd through Mtural selection; for it could nut hare 
!..>cell of (lny dire<:t ndmntnge to an indi\'idual animal 
to breed poorly with another indh'idunl of n different 
mrieLy, nnd thus to lcuve fcw offspring j consequcntly 
!llIch illd i"itinnls could lIot hll.\"o becn preserved or se
lected. With sterile neuter insects we han} renson to 
bdic\'o that modiflcations in their stmcture h:n'o been 
slowly accumulated by natural selection, from nil adrilll
tago iLa\'ing OOcn thus indirectly given to the commu
nity to which they ilClonged oyer other communities of 
the same species; but all indh'idunl animal, if rendered 
slightly sterile when crossed with some olher Yariely, 
would not thus iudil'octly give nny nd,'nntagc to its 
Ileatetst I'datircs or to ally other individuals of the samc 
"Ilriety, thm leading to their presermtioll. From the,;C 
considerations I infer, I\S fnr as animals nrc concemoo, 
that tho '"Ilrious degrees of lessened fertility which occur 
with speci('g when erossccl cannot 1Ia\'0 been slowly 
l\Ccumulnted by meal18 of lIatumI selectiOll. 

I With plants, it is possible that the Ctl~e lllay u(> 
different. ""ith very lOnny kinds, insects cOllstantly 
brin~ pollen from neighbouring plants of the same or 
of other \"arietics to thc stigma of ench flower; ami 
with somo this i~ eff .. .'cu,,<l by the wind. Now, if the 
pollclI of anyone varifoly shoul<l become by spontancous 
vil.riation in evel' SO l'llight I~ degroo Ilrcpotent oyer the 
pollen of other v!lriQtic~, so that, when dcposited by 
any menns Oil tbe stigmas of the flowers of its owu 
variety, it obliterated tho cffects of previollsly placed 
pollen of other "(lrietic . .., this would certainly 00 4ll 
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ach-allt4g<l to the variety; for it would thus C8Cflpe being 
bastardised ood deteriorated in character. And the more 
prepotent the pollen conld be rendered through natural 
seJeetion the greater the odvnntoge would be. We 
know from the rc8enrehes of Oi~rtner tllnt prepotency 
of this kind always accompanies tho sh::rility which 
follows from crossing distinct species; but we do not 
know whether prepotency is a consequence of sterility. 
or sterility a consequence of prepote ncy, If the latter 
,-iew be correct, we may infer that, as the prepotency 
became stronger throngh natural selOCtiOIl, from being 
advantageous to n species in proceM of fonnntion, so 
the sterility consequent on prepotency would at the 
same time be augmented; and the final result would be 
vilrious degrees of sterility, such as acturuly occur with 
our existing species when crossed. This SlIme "iew 
miglit be extended to animals if the femnlo before each 
birth received several males, 80 thnt tho 8CXnnl element 
of the prepotent Jnnie of her own "nriety obliterated 
all effccts from tho a.ccess of IJrevious Illnles of other 
,-arieiiea; but we baye no reason to believe, ot least 
with terrestrial onimals, that this is the case; as most 
males and females pair for each birth, and some few 
f"rlifc. 

On the whole we may conclude thnt with animnls 
the sterility of crossed species has not been slowly 
augmented through natural selection; and as this 
tterility follows the snme general lawil in the ,-egetable 
.. in the animal kingdom, it is improbable, though 
apparently po68iblc, that cI'OS&Cd plants should }Ia,-e 
been rendered sterile by II. diil'erent process from 
animals. From this considemtion, and remembering 
that species which hal'C nover C()oCxisted in tho SlIme 
oountry, and which therefore could not ha"c profited ., 
by ha"ing been rendered mutunl1y infertile, ret are .. 



314 CAUIiES OF' THE STERILITY 

sterile when crossed; and bearing in mind that in re
diJt'Ocal crosses between the Mme two species there ill 
sometimes the widest difference in tho resulting degrees 
of sterility, we must give up the belief that natural 
selection has colne into play; and we arc dl'iven to our 
former propositioll, that the sterility of first cros"es, and 
indirectly of hybrid.~, hi simply incidental on unknown 
difierenC{'8 in the reproductive systemll of the llllreni. 
species. 

We may now try and look 8. little oloser at the (}I"O

be.ble nature of these difl'ercnC<'8, which induce sterility 
in first cro!!8C8, as well as in hybrids. Pure species and 
hybrids differ, as already remarked, in the slate of their 
reproductive organs; but from what will presently 
follow 011 reciprocally dimorpllic and trimorphic plants, 
it would appear as if some nnknown bond or law existed, 
which causes the young from a union not flllly fertile 
to be themselves more or less infertile. 

In tho case of first CI'OS.!leS between pure species, the 
greater or le88 difficulty in effecting an union and in 
obtaining offspring apparently depends on several dis
tinct caulK's, There must 80metimes be a physical 
impoeBihility in tho malo clement reaching the o,·ule, 
as would be the case with II. plant having a llistil too 
long for tbe pollen-tubca to reach the O\'arium. It has 
also been observed that when pollen of one species is 
placcdon the stigma of a distantly n.Ilied speeies, though 
the poUen·tubeil protrucJe, they do not penetrate tile 
stigmatic surface. Again, tlle male element mn.y reach 
the female clement, but be incapable of causing an 
embryo to be dc,·eloped, WI seems to Ilave ~n the CMe 

with some of Thurct's experiments on :Puci. No expla
nation can be gi,·en of these facts, any more thll.ll why 
certain trees cannot be grafted on others. Lastly, an 
ombryo may be denlloped, and then perish at an early 
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lK'riod. ~l1 lis latter alt('nlnth'e lias not been lIufficiently 
attended to; but I belien-, from o~rvRtiollll commli.· 
nicated to me by Mr, liewitt, "ho has had gr('nt expe. 
riellee in hybridwng pheasauts and fowls, that the carly 
death of tho embryo ill a .ery frequ~nt causo of sierility 
ill fim Cl'068e6. Mr. Salter has recently gi,'on the results K II 14., 

of an examination or about 500 egg'll produced from 11)f 
,'arious Crosscll between three speciCil oC GnUll1l and their ~ 
hybridll; the majority or these ~ had been fertilised; 
and ill tue majority oC the (ertilised eggs, the embrY08 
had eithcr been only partially de\'eloped and bad then 
aboned, or hnd become nearly mature, but the young 
chickens had been \lunule to ureak through the shell. 
O( the ('iliekell8 which were born, more than fOIl~fifth, 
died within the first few days. or at latest WN'J..,., .. witb-
out auy ob"ions caU8(!, apparently Crom mere inability 
to Ji,'o;" 110 that from tho 500 eggs only tweh-e chickenl 
were reared, 'fhe early denth of hybrid embryos pro
hablyoecurs in like manner with I)]ants; at least it ill 
known that hybrids raised from "cry distinct spoei(!fl are 
IIOmetimCii weak and dwarfed, and perish Ilt an ('8rly age; 
of which fact Max Wichura hns recently gi\'(~n some 
IItriking eaSCIl with Ilybrid willows. It may be here 
.. ·orth noticing that in Ii!Ome cases of partllcnogenesis, 
erubrY08 produced from eggs which had not been ferti· 
1isc<1, like thOle produced by the Cl'QSSiug of two distinct 
lpeciee. 1'JBS9(l(.! tbrollgh their early stag(!fl of dfl"eloJ>-
ment and then perished; this haa beeu. obeer,'cd by 
II Jourdan with the nnimpregnated eggs oC the silk· 
moth, Until becoming acquainted with thcflO facts, I 
was Illlwilling to belie\'e in the frequent early dcath of 
hybrid eml",)'08; for hybrids, when once born, 8l1I gene--
rally healthy and long-li\'ed, 81 we &eO in the case oC 
the eommon mule. Hybrids, howe"er, are difft:rently 
circumstanced before nud after birth; when oorn and 

l':.l 
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living in 1\ country where their two parents 1i\'e, the~ 
are gencmlly placed under suitable conditions of 1if(,. 
Bnt a hybrid partakes of ollly bnlf of the nntllte 
and constitution of its mother, alld therefore before 
birth, as long ILS it is nourish~l witllin its mother's 
womb, or within tho egg or &eed pnxiured by the mother. 
it mny be exposed to conditions in some dCgre<l 1111-

8uitnblo, nlld consequently be liable to perish at (In 
early period; more especially IkS all very young beings 
are eminently sensiuwl to injurious or uunatuml COil 
ditiOia of life. But nftel' Illl, the cause more )lrolxlbly 
lies in some imperfcetion ill the original act of imprcgna. 
lioll, causing the embryo to be imperfectly doveloped, 
r~tbcr thlm in the conditions to which it is subse
quently exposed. 

In regard to tho sterility or hybrids, in which tht> 
sexual clements aru imperrcctly de\'eloped, the case i~ 
diftCrcnt. I have Ulore than once alluded to a largt> 
body or ract.s. which I hal'c collI'Cted, showing that. when 
animals and planl.i are removed rrom their natural con· 
ditious, they are extremely liable to have their r(>IJro
ducti\'o systems seriously affected. 'l'hi8, in fact, is the 
great bor to the domcstication of animals. Betw('('l1 
tbe sterility thus superiuduced and that or hybrids. 
thero ate many points of similarity. In both case!! the 
sterility is ill(lependent of general health, and is often 
a.ccompanied by cxcess of size or great luxuriance. In 
both CB9(>8 the sterility occurs in various degrees; in 
both, tho male elemcnt is the most liable to be affected; 
but sometimes the fomale moro than the male. In botll, 
the tendency goes to a certuin extent with systcmatic 
affinity. for wholo groups of animals and plants are ren. 
dered impotent by the samo unnatural conditions; Rnd 
whole groups of species tend to produee sterile hybricb:. 
011 tho other hand, one species in a group will 8Om(~ 
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times resist groat changes of conditiOllB with unimpaired 
fertility; and certain l!pecies in II. group will produce 
unusually fertile hybrids. No ono can teU, till he tries, 
whether any particulaf animnl will breed uuder confine
ment,of any exotic plant seed frooly uuder culture; nor 
can he tell, till he tries, whether uny two species of II. 

genus will produce more or less sterile hybrids. Lastly, 
when organic beings aro placed during several genera
tions under conditions not natural to them, they arc 
extremely liable to vary, whieh is ,dill!, as I belieye, to 
their reproduethe systems having been spe<'ially af
fected, though in it. lesser degree than when sterility 
ensuCil. So it is wilh hybridf', for hybrids in successive 
generations are eminently liable to vary, as every ex
perimentalist h88 observed . 

Thus we see that when organic beings are placed 
lInder new and unuatural conditions, and whell hybrid!'! 
are produced by the unnatural crossing of two spede!!, 
tho reprooucti,-e system, independently of tho general 
slate of health, is affected by sterility in Do Ycry similar 
manner. In the ouo case, the conditiolls of life have 
been disturbed, though often in so slight a degree as 
to be inappreciable by us; in the other case, or that 
of hybrids, the external conditiolls have remained tho 
same, but the organisation has been disturbed by two dif
ferent structurcs and constitutions having been blended 
into one. :For it is scarcely possible that two organisa
tions should be comfXJunded into one, without some 
di~turballco occurring ill the development, or periodical 
action, or mutual relations of the different parts and 
organs one to another or to the cond itions of life. Whell 
hybrids are able to breed inter 86, they transmit to their 
offspring from generation to generation the same com
pounded organisation, and hence we need not be sur
prised that their sterility, though in some degree \'ari-
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able, does not diminish, but is apt to inerease; tllis 
increase being perhaJls intelligible, as before explained, 
on the principles of inheritance Bnd from too cl086 
interbreeding. 'fhe above view of the sterility of hy. 
brid3 being caused by two different constitutions having 
beeu confounde<\ into one 11M Intely IJecn strongly 
maintained by )[nx \Vichura; Lut it must be olmed 
that the sterility, 80 like in every re~ped to tlmt 
of hybriru, which affects the illegitimate offspring of 
dimorphic and trimorphic plants of tho MillO speciee 
(a8 will be immediately described), makt.'II this Yiew 
ruther doubtful. 

It Illust also be owned that we t'allnot understand, 011 

thi! or ally otl1(:" ,,"jew, several facts with respect to th(> 
sterility of hybrids ; for instance, the uuequal fertility of 
hybrids produced from rccipfO('al (!r()(I!!('8; or the in· 
trense<1 sterility in tbose llybridi!l whi<-h occasionally 
and excepliollltlly r('semblo clO!!ely either IlUre parent. 
Nor do I pretend that the foregoing remArks go to Ih(l 
root of the matter: no explan!ltion is offered why all 
orgonif<m, when placed undcr unnatural conditions, is 
rendered sterile. All that I hare attempted to show, 
is that in two CD.8CS, iu some I'CfIpccts allied, sterility 
is the common rcsult.-in the one case from the con
ditions of life having' been disturbed, in the other 
ease from the organisntion or constitution having bt.",·n 
dkturbed by t.wo organisations beillg compounded into 
onc. 

It may seem fanciful, but I suspect that a similar 
pnmllclism ext{,llds to an allied yet "ery different cla!'o'l 
of faets. It is an old and alrnOflt universal belief, 
founded, I think, on a oonsid('mble body of e"idenC't', 
that slight chRflg(,1l in the condiiion!! of life are ben('
ficial to all Ihillg' things. We see thill al'tOO on by 
farmers Bnd gnrucncnJ iu their freqnent exchanges of 

c T e Complete W rl< ~ rwn nli 



CIIAP. VIII. OF FInST OROSSES AND OF lIYDDIDS. 319 

seed, tuOC!rs, &c., from one soil or climate to another, 
and wck again. During the convalescence of animals, 
we plainly soo that great benefit is dcrh"ed from almost 
any change in the habits of life. Again, both with 
plants and animals, there is abundant c,"idcnce that 
a cross between Yery distinct individuals of the same 
species, that is between members of different strains or 
sub-breeds, gh'cs vigour and fertility to the offspring. 
I believe, indeed, from the facts alluded to in our fourth 
chapter, flw,t a certain amouut of crossing is indispcns-
able even with hennapbrodites; and that cJoso inter
breroing continued during several gcnemtions between 
tIle nearest relations, (,specially if these be kept under 
tbe sume conditions of life, always induces weakness 
and stcrility ill the progeny. 

nence it seems that, on the ono hand, slight cbailges 
in the conditions of life benefit all organic beings. and 
on the other baud, that slight crosses, that is crosses 
between tllo males aud females of the &lme specie~ 
which have mried and become slightly difiDl'ent, givo 
vigour and fertility to tho offspring. But we )lflVO seen 
that greater changes, or changes of a particular nature, 
often render organic beings in somc degree sterilc; 
Md that greater crosses, that is crosses bctWl'C1l males 
lind females which have become wiaely or specifically 
different., produce hybrids which are genorally sterile 
in some degree. I cannot pcrsuarle myself that this 
parnlleJism is an accident or an illusion. Both series 
of fnets seem to be connected together by some common 
but 111l known bond, which is esscutially ro.lated to the 
l)rinciple of life; this principle apparently being that 
life, as Mr. H erbert Spencer has remarked, depends on, 
or consists in, the incessant action and ren.ction of 
"arious forces, which, as throughout nature, are always 
tending towards an equilibrium; and when this ten-
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deney is slightly disturbed by ll11ycbange. the vital (orces 
apparently gain in VO"fcr. 

Reciprocal DimlJrphum and Tn'morphum. 
This subject may be hero brieRy di8('ussed, and will 

be (ouncl to throw conaidcrable light 011 hybridism. 
Seycml plnJlta belonging to distinct ordCriI Ilrcsent two 
(orm!'!, existing together in about equal numbers, which 
differ ill no respect except in their reprodllcti,'c orgalls; 
one tonn having 1\ long pistil with short stamens, the 
other a IIhort pistil with long stamens; both with dif
ferently si1.oo pollen-grains. With trimorphic planl9 
there are three forms likewi80difTering in the lengths of 
their pi.t!tils and rrtamell8, in the size amI colour of the 
pollcn-grniI18. Bnd in IIOrne other respects; and as in 
clLCh of tbe three forms there are two sets of stnmens, 
thero are altogether six sets of stamens and three 
kinds of pistils. Those organs are 80 proportioned 
in length to each other, that, ill any two of the fonns, 
half tho stamens in each stand on a 10n!1 "itb the 
stigma of the third fonn . Now I have shown, Rnd 
the fCfIUlt bas been oon6nned by other observers, thnt, 
in order to obtain full fertility with thC8e plsnla, it 
ill DCCCll'lIlry that the stigma of the ono fonn should 
be fertilised by pollen taken from the stamens of ror
responding height in tho othor form. So that with 
dimorphic speeiee two unions, which may be callcd 
legitimalP, are fully fcrtlle, and two, which may be 
called illegitimate, nre more or 1088 infertile. With 
trimorphic species six unionll are legitimate or fully 
ferlilo, alld twelve aro illegitimate or more or less in· 
fertile. 

l'he infertility which may be observed in varioUi! 
dimorphic "lid trimorphic plallla, when they urn ill~
timately fertili8Cd, that is by pollcn taken from stamen! 
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I\Ot CQrresponding in height with the pistil, differs much 
in d(!gree, IIp to absolute and uUer sterility; just in tho 
~ame mauner as occnrs ill crossing distinct species. As 
the degrco of sterility in the latter case depends in an 
(!miuent degreo on the conditions of life being morc or 
I(!SI! favourable, so I have found it with illegitimate 
unions. It is well known that if pollen of a distinct 
species be placed on the stigma. of a flower, and its own 
pollen be afterwards, even after 0. CQnsiderable interval 
of time, placed on the same stigma, its action is so 
strongly prepotent that it generally annihilates the 
effect of the fore ign pollen; so it is with the pollen of 
the several forms of the same species, for legitimate 
pollen is strongly prepotent over illegitimate pollen, 
when both are placed all the same stigma. I aseer· 
tained this by fertilising several flowers, first illegiti
mately, and twenty-four hours afterwards legitimately, 
with pollen taken from a peculiarly COIOUTed variety, 
and all the seedlings were similarly coloured; this 
shows that the legitimate pollen, though applied twenty
four hours subsequently, had wholly destroyed or pre· 
"ented tbe action of the pre\'ionsl y applied illegitimate 
pollen. Again, as in making reciprocal crosses between 
the same two species, there is occasionally a great 
difference in the result, so something analogous occurs I 
with dimorphic plants; for a short-styled cowslip yields 
more seed when fertilised by the long·styled form, and 
Jess seed when fertilised by its own form, than does 
a Jong-iltyJed cowslip when fertilised in the two oor
responojng methods. 

In all these respects the forms of the same undoubted 
speciea when illegitimately united beha"e in exactly 
the same miLnner a.s do two distinct speciea when 
crossed. '!'his led me carefully to observe dnring four 
years many seedlings, raised from several illegitimate 
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unions. 'fhe chief result is tlJat thCfJe illegitimate 
plants, as they may be called, are not fully fertile. It 
is possible to raise from dimorphic species, both long
styled and shott-stylod illeg-itimate plants, and frum 
trimorphic plants all three illegitimate forms; 80 that 
these can be properly unitod in a legitimate mnlllleT. 
"'hen this is done, thero is DO apparent reason why 
they "hould not yield as many seeds as did their parents 
when legitimntely fertilisod. But such is not the case; 
they aTe all infertile, but in VIl.riou~ degroos; some being 
80 utterly and incnrably sterile thnt they did not yield 
during four seasons a single see<l or even a socd-cnpsule. 
'I.'heso illegitimate lllants, which are SO sterile, although 
united with each other in a legitimate manner, may be 
strictly compared with hybrids when crossed illt.er u, 
and we all know how sterile tllese latter generally are. 
When 011 tho other hand II. hybrid is crossed with either 
pUTe parent-6pceies, the sterility is usually much less
oned: and 80 it is when an iltegitimato plant is ferti
lised by II. legitimate plrmt. In the SlIme manner as 
the sterility of hybrids doos not always ruu ' pilrallel 
with tho difficulty of mnking tho first cross between its 
two parent-Bpocies, so the stllrility of certain illegitimate 
plants W8.S unusually great, whilst the stNility of the 
union from which they were cleriw)(l was by no mea.ns 
grcat. With hybrids raised. from the Mme BOO<I·eapsule 
the degree of sterility ill ionately mriable, so it is in a 
marked manner with illegitimate plants. Lastly, many 
hybrids a.re profuse and persistcut flowerers, whilst 
other and more sterile hybrids produee few flowers, and 
aro weak, miserable dlmrfil; exactly similar cases occnr 
with the illegitimate offsllrillg of ,'arious dimorphic and 
trimorphio plants, 

AltogetllCr there is tlle closest identity in character 
and behaviour between illegitimate plants aud hybrids. 

Th 
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It is hardly an exaggeration to maint(lin that the 
former aro hybrids, but produ('cd within tbe limit. 
of the snme species hy the improper union of certain 
forms. whilst ordinary hybrids are produced _ from an 
improper uniou between so-called distinct J:l1X'eic~, We 
hlwe nl!lO lliready II(!('n that thero is the cJ08e8t simi
larity in (III r('~pect8 between first illegitimate uuiolls 
nnd first crosscs betwe('n distinct species. All tllis will 
perh(lp8 be lUade more fu\ly apparent by all ilIustm
tioll: we llIay sUppo!'£' that & botanist found two weU
marked varietiC's (and such O('('ur) of the long-t!tylro 
form or the trimorphic Lythrum r;nlicaria, and that he 
dl'teMninro to try by ero«sing wh('tller thcy \\('te IIped
firally distinct. He would find thnt they yielded only 
about onc-fin.h of the proper number of 1K'Cd, and !bat 
tliC'y beha\'OO in all the other abo,'e specified f'C!Opect8 
as i£ they had been two distinct IIpecies. But to make 
the enso sure, he would mise plants from his supposed 
bybridised socci, aud he would find tbat the seedlingil 
were mbcrably dwarfed and uttorly sterile, and tlmt 
they beba\'ed in all other resped8 like ordiuflr~' hybrids. 
lie might then roainillin thflt he had actually proved. 
in flC('(lnlanco with the common "iew. that his two varie
ties were as good flnd as di.rtiuct 6jK'<'ies as any in the 
\\wld; but be would be completely mistaken. 

'l'ho facts now given on dimorphic and trimorphic 
plants are of importanco, bcca\l8O they show 1111, firstly. 
that the physiological test of Il~llod fertility, both in 
6rst Cl'Ollill'l ond iu hybrids, is no we criterion of specific 
distinction; BCcondly, because we nre thus led to infer, 
as previollsly f'CDlflrked, tbnt there IIllist bo some un
known law or bond oonnccting the infertility both of 
illegitimate uuions and of first CJ'OIJ8e'II, with the infer
tility oftbeir illegitimate and hybrid ofT~rillg; thirdly, 
because we find, and this seems to me of espocifll im-
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portance, that two or three fonns of tile snme species 
may exist and may differ in no respect, except in cer
tain characters in their reprodnctive organe,-such as in 
the relative lengths of tIle stamens and pilltils, in the 
size, form, and colour of the pollen-groins, in the struc
ture of the stigma, and in the number and size of the 
seech. With these differences and with no others, either 
in organisation or constitution, between the Stweral 
forms, which are all IlCrmaphroditee, we find tlmt their 
illegitimate unions and their ill egitimate progeny are 
more or less sterile, and closely resemble in a whole 
series of relations the first unions and tile llybrid off
spring of distinct species. We UfO thus led to infer 
that tile sterility of species when crosged. and of their 
hybrid progeny is likewise in all probability exclusively 
aue to similar differences confined to their reproductive 
systems. We nre indeed led to this snme conclusion 
from cODsidering reciprocal crosses between tbe snme 
two species, in which the male of one cannot be united, 
or can be united with great difficulty, with the female 
of the other species, whilst the CODverso cross can be 
effected with perfect facility; for tbis diffcrence in the 
facility of making reciprocal crosses aud in the fertility 
of their offspring must be attributed either to the male 
or to the femalo element in the one species having been 
differentiated, with reference to Ole other sexual element, 
in a higher degroo tllan ill the second species. That 
excellent observer, Gartner, likewise came on general 
grounds to tho snme conclusion, namely, that species 
when crossed are sterile owing to differences confined 
to their reproductive systems. 
}~inally, we aro naturally led to inquire for whnt 

useful end have plants been rendered reciprocnlly 
dimorphic and trimorphic? A wide-spread analogy 
clearly gives us the allSwer lUI fur as the immediate 
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cn1180 is concerned, nnmcly, to pl"('rent tiLe pollen of 
('lLeh flower acting on the stigma of thnt /loller. "'e 
&eO this effected ill a h06t of flowers by ULe most curious 
mechanical contL'i,'allced, IlS I have 8holl'lI ,lith Orchids. 
nnd IlS oollld be shown with many plants of many other 
orders. Thero are also numerous plants. rolled dicho
gamOIlS by C. K. Sprengd, in which tho pollen and 
stigma are flever mature at the &lme time, so that these 
tllants ctin nen:r fertilise tlLemselves. 1'hero tiro mtiny 
fluwers, which, though they IJil.\'e their litigmas and 
pollen mature together, and which do not present any 
obstacle to sclf.impregnation, yet neyerthetl!ei are 
almost always fertilised by surrounding mrietics when 
growing in the vicinity, 11.8 shown by the chaNLcter of 
their seedlings. TheIL, again, we hrwo mnny flower:! 
with separated sexes borne 011 dititiuct plants, .or on 
the same, whieh inevitably prevents sclf·fcrtili&ltion. 
Lnstly, ill flCCOrtianco with the great ]lrinriple pre· 
"ailing throughout nature, of the SIlme end being gained 
by the most diversified means, we find in dimorplLic 
and trimorphic plants, in whieh sclf-fer1iliso.tien is not 
('hocked by any of the above-specified means, that this 
has been effocted by the pollen of each flower, nnd COII

sequcntly of all the flowers of the same form, haying 
beel\ rendered more or less impotent on their own 
stigmas; 80 thnt ita action is eMily Bud wholly obli
temted by pollen habitually brought by insectB from 
other individun.ls and forms of the same species. 

lIt searching for the eauso of dimorphism flnd tri
morphism in plnntB, we mny, in my opinion, saf<:ly go 
olle step further, and conclude that the pollen htis 
been prevented acting 011 the stigmn of the BilLlle flower, 
in order to give vigour to the oft'spriug by lending to 
the union of two dktinct indi"iduflls. liut on this "iew 
it is not a little remarkable that the eud has been 
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gained, in the case of dimorpllic nnd himorpllic plants. 
at the expense of all the plnnts of the same form being 
rendered more or less sterile when united, (lid produc
ing 1110t'e or less sterile offspring. With respect to the 
steps by which it is probable thnt plants have been 
rendered dimorphic nnd trimorphic, waut of spnce pre
vents my entering on the sni.lject; but I will add tllnt 
thero is no Bpe<:ial difficulty in tll.LS having been effected 
through variability, throngh tho good gained by the 
prepatellcy of one 80rt of pollen over nnotller, and 
through the accumulative action of natuml selection. 

Fertilitll oj Varietlu wlwn Grossed, and oj tlwir Mongrel 
Offspring. 

It may be urged, flS a most forcible nrgument. thnt 
there must be SOUle essential distillction between species 
and \'aricties, Il.lld that thero must be some error in all 
the foregoing remfHks, inasmnch as varieties, howevcr 
much thoy may diner from eneh other in external ap
poorance, cross with perfect facility, and yield perfectly 
fertile oflspring. With some exceptions. presently to 
be givcn, I fully ndmit that this is the rule. Bnt the 
sui.lject is surrounded by difliculties, for, looking to 
mrieties produced under nature, if two forms hitherto 
reputed to be varieties be fonnd in any degree sterile 
together, they nre at once mnked by most nnturalists 
flS species. :For instance, the LillO and red Ilimpernel, 
which are considered by most botnnj,,~ as mrieties, are 
said by Gartner not to be quite fertile when crossed, 
and he consequently mnks them as undoubted species. 
If we thus nrgue in 0. circle, the fertility of all mde
ties produced nnder nature will assuredly have to be 
granted. 

If we turn to mrieties, produced, or supposed to Im,e 
been produced, ullder domestication, we nro still in-
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yoh'e<1 in doubt. For when it is slilled, for instcmcc, 
!hnt the German Spitz dog crosses Illoro en1<ily with t110 
fox than do other dogs, or thnt certain South American 
indigenous domestio dogs do not readily unite with 
European dogs, tho explanation which will O('('ur to 
('I'cry one, and probably tho true one, is that these 
dogs hilve descended from aboriginally distil:et species. 
Nel'ertheless the perfect fertility of so many dome.tic 
mrietiCII, differing I,idely from each other i ll nppcur
finee, for instunce tllOSC of the pigeon or the cabooge, 
is a remarkable fact; more eSIX'cially wllCn we reflect 
how milny species there are, which, though resembling 
each other most closely, are utterly sterilo "hen inter
('t'OIW'{l. Severnl considerations, however, rendcr this 
fertility of domestic varieties less remarkable, It CUll, 

in tho fi~t place, be clearly shown that mere cxternul 
c1iggimilnrity betwCCI\ two species does not determine 
their grealer or lesser degreo of sterility wIlen crossed; 
Rnd we mny apply the same rule to dOIllCI:Ilic varieties. 
In the second place, 11'0 must remember how ignornnt 
we are on the precise CRUseS of sterility, botb when 
spocies &re crossed, and when species are removed from 
their nnturol conditions. On this latter head I have 
not hnd spnce to give the many rcmarkuble facts which 
could Jun'e been udducc<1. With respect to sterility 
from cI'OS<>ing, it is good to reflect on the dill'erence in 
tho l'C8ult of reciprocal crosses, ami" on those singular 
cast's in whieh a plnut can be more easily fertilised by 
poll£:11 from a di~tinct specics than by its own, When 
"'e think o\'cr sueh cases, and on that of the differently 
coloured mrietieB of VorOOscum presently to bo givcn, 
we !UUlSt feel how ignorRnt we are, and how little likely 
it is fllat we SllOUld understand why cerlain forms are 
fertile and other fomlS nre sterile when crossed, In 
the third place, there is good evidence for belie\'ing 
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that a long rourse of domestication tends to eliminate 
sterility; I\nd if tllis be 80, we surely ought not to ex
lX'Ct to find sterility both appearing and disappearing 
under nenrly the same conditions of life. Lastly, and 
this scems to me the most important collsideration, new 
moos of animals and 1l1imts arc produced under domes
tication chiefly by man's methodical and ullcollscious 
power of selection, for his own usc and pleasure: he 
neitller wishes to select, nor could select, slight differ
ences in tho rellrodnctive Kystem, or other constitutional 
differences correlated with the reproducti\'e system. 
Domestic IlroductioWl are 1(!S8 closely adapted to cli
mate and to the other phyi!.iCftI conditiOll8 of the countries 
which they inhabit than are th()l;O in a state of nature, 
for they can generally be remoyoo to other and dif
ferently constituted countries lIith impunity. Man Sllp
plies his several varieties with the sumo foOO.; he treats 
them in nearly tho same manlier, and does 1I0t wish to 
alter their geneml habits of life. Nature acts uniformly 
and slowly during mst periods of timo on the whole 
organisatioll, in any way which may be for each crea
ture's own good.; and tbus she may, either directly, or 
more probably indirectly, through correlation, modify 
the reproductivc systems of the 8O\'eml dcsoondanu from 
auy olle species. Seeing this differenoo iu tbe process 
of selection, 118 carried on by man and nature, we need 
110t. be surprised at BOme dilTerenco in thc result. 

1 have as yet spoken as if the varieties of the same 
Ispeeies were irH'nriably fertile when intercroiSCd. But 

it is impossible to resist the o\·idellca of the existence 
of a certain amount of sterility iu tho fcw following 
('uses, which I will briefly ab:.tmct. 'I'he el'idcnoo is 
at least as good as that from which we bclio\'e in the 
sterility of a multitude of speeie8. The oYidence is, 
abo, dcrh'ed from hostile witnesses, who in all other 

© The Complete Work of Charie;..Darw'''-'' _ ___ _ 



C .. .o.P. \"IH. WIlEN CROSSED. 329 

cases consider fertility anJ sterility as safe criterions 
of specific distinction. Girtner kept during several 
years II. dwarf kind of mn.ue with yellow seeds, and tl. 

tall variety wilh red 8C(,.(Is, growing near cach other in 
his garden; and although these plants have separated 
sexes, thoy 1l0Ycr naturally crossed. Ho thell fertilised 
tllirtecn flowers of tho one with the pollen of the otllcr; 
Lut on ly a single hend pnxluced nny seed, and this one 
head produced only fi\'o grn.in8. Manipulation ill this 
case could not have been injurious, as the plants ha\'e 
8(-'panl.tcd sexes. No one, I beliel'c. hilS SlL.<rpCCted that 
these varietics of maize are distinct species; Allel it is 
important to notice that the hybrill 111an13 thml mised 
were themsell'espeifectlg fertile; so that el"CU Giirtuer 
did not venture to consider the two varietics as speci. 
fically distin(·t, 

Giro1l de Buzarcingues crossed three ,'arietics of 
gounl. which like the maize has scparnted sexes, aud he 
R8sCrts that their Illutual fertili.slLtion is by so much tbe 
less easy as their differenccs are grelltcr. How far these 
eXIN!riments mlly be trusted, 1 know not; Lut the fonus 
experimented on are ranked by Sngerot, who mainly 
founds his classification by the test of infertility, as 
mrictics, and Nnudin has come to tho same conclusion_ 

1'he following case is far more remarkllblc, and seems 
at first quite incredible; but it is tho result of nil asto
nishing number of experiments made during mUDyyeafS 
ou nine species of Verbascum, by so good an ol.oserver 
and 80 hostile n. witness as Gartner: namely, lIlat yellow 
and "hite Wl.rietics of the same species ofVerOOscnm 
when intcrerossed produce less 8(>oC{\, tluUl. docs eWler 
coloured variety when fertilised with pollen from its 
own coloured flowers. Moreover, he asscrttl that, wb('n 
yel10w aud white varieties of one species are cf'OflSt'd 
\lith yellow and white mneties of a diftind species., 
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more 8('ed is producc<i by the ('t'OI:!&'@ between the simi· 
Inrly coloured flowel'8, than between th088 which ate 
diffcrently coloured. Yet these varieties of Verboscum 
present no other di/T('rence bcai(!ca the mere oolour of 
the flo ..... er j aud olle variety call sometimes be raised 
from the seed of the other. 

]\:olrcllter, whose l\Ct'uracy hilS ~n confirmed by 
c\'cry Huhscqu('nt owrver, has pro"M the remarknble 
fact, thnt one ,'uridy of the common tobacco is mom 
fertile, when ('1'Ol'!8e(1 with a widely distillet spedes, thall 
are the other vurieti('8. lie cX!,lCrimentro 011 fiye fonns, 
wllieh are commonly reputed to be varietiCfJ, and which 
he tested by tho IJOvercBt trial, namely, by rcciproml 
crosses, Bnd he found their mongrel offBpring perfectly 
fertile. But one of these five 'I"llrieties, whpn ll.iC(1 either 
as father or motber, and efO!'8C(l with the Xirotiana gill
tinosa, nlwnYB yielded hybrids not 80 Bteriie R.B tb080 
which were producc<\ from the four otllE" varieties when 
crossed ..... ith N. glutinosa, Iience the r<'produeti\'e 
systcm of this one \llriety mlL~t M,'e been in some 
Wllliner and in 80me d<'gt'OO modified, 

}'rom these fi\('u; from tho groat diffi('uity of 88Cer
taining tho infertility of varieties in a stato of nntnn', 
for a supposed variety, if prove<! to be inf('rtile in any 
degree, would almost nniversally be ranked as a species; 
from man selecting only extenml characters in his 
domestic nrietie><, alld from not wishing or being able 
to pmdu('(l recondite and fnncti .... nal dift'erencef!l in thf·ir 
reprodllcth'e sy .. tems; from these 86\'eral collJ!iderationl 
and faetR, I do not think that the fertility of YRrietics 
call be prow!(l either to be of universal occurrence, or 
to fOfm fl. fundamental distinction between them allti 
spe<>icil. '1'ho general fertility of yaricties, colli:liderillg 
how entirely ignorant we are on the caU:;('fl of both 
fertilit y lind sterility, docs not seem to me sufficient 
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to O\'ertllrow the view taken with respect to tile very 
general, but not inmriable, sterility of first crosses be
twoen species and of their hybrids, namely, that it is 
not a special endowment, but is incidental Oil modifi· 
cations, slowly impressed, by nnknown means, on the 
reproductive systems of the parent-forms. 

llybri& and M(JI1f1reu oompared, £nilepen.dclltiy of tlleir 
fertility. 

Independently of the question of fertility, tho off· 
spring of species when crossed nnd of \'arieties when 
crossed may be compared ill r;cveral otller respects. 
Giirlner, whose strong wish it was to draw a distinct line 
between species aud varieties, could find vcry few, and, 

• ftS it seems to me, quite unimportant differences between 
the so..called hybrid offspring of species, and the so-called 
mongrel offspring of \'arieties. And, on the other hand, 
they agree most closely in mnny important reRpect!. 

I shall here di!K'uss tllis subject with extreme brevity. 
'rhe most important distinction is. that in the first gene
ration mongreL! are moro variable than hybrids; but 
Gartner admits that hybrids from species which ha\'o 
long Uccn cultivated are often mriable in the nrst gene
mtion; and I have myself seen striking instances of 
tbis fact. Giirtncr further admits that lH'brids between 
"ery closely allied species nre more vllri;ble than those 
from very distinct species; IUld this shows that the 
difference in tile degree of variability graduates away. 
When mongrels and tho more fertile hybrids are pro
pagated for severn] generations nn extreme amount of 
variability in their otTilpring is notorious; but somo few 
cases both of hybrids and mongrels long retaining ulli, 
fonnity of chameter could bo given. 'fhe variabiljty, 
howcvft, in the successive gencmtions of mongrels -is, 
J?Crhap8, greater thon in JJybrids. 
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i'his greater variability of mongrel<! than of hybrids 
does not I!QCm to me at ull surprising. For the parents 
of mongrels ure mrieties, and mostly domestic vllricties 
(,'cry few experiments having been tried 011 llaturnl 
varieties), and this implies in most cases tlmt there has 
beeu recent variability; and therefore we might expeet 
that such mriability would often continue and be super
added to that arising from the mere act oC crossing. 
'rhe sl ight degree of variability in hybrids from the fiN!t 
cross or ill the first generation, in coutrast with their 
extreme variability in the sut:ceeding generations, is a 
curious fact and <laserve8 attention. l<~or it bears on 
and corroborates the view which I havo taken on the 
Cause of ordinary variability; namely, that it is due 
to the reproductive system being eminently 8Cllsitive to . 
any change in the conditions of life, being thus often 
rendered either impotent or at least incapable of its 
proper function of producing off8prillg identical with 
the parent.form. Now hybrids ill the first generation 
are descended from species (excluding those long culti· 
"ated) which have not had tlleir reproductive systems 
in any way affected, and they are not variable; but 
hybrids themselves have dleir reproducti,'o systems 
seriously affected, and their descendants are highly 
mriable. 

But to return to our comparison of mongrels and hy
brids: Giirtner states that mongrels aro more liable than 
hybrids to revert to either parent·form; but this, if it 
be true, is certainly ouly 0. difference in degree. More
over, Giirtner expressly states that hybrids from long
cultivilted plants are moro subject to rerersion than 
hybrids from species in their natural state; and this 
llrobablyexplains the singular difference in the result!! 
tuti,'oo at by different observers: thus, Max Wichura 
doubts whether hybrids ever re,'ert to their parent-
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fonn", aud he cxperimented on ullcultimt('(1 species of 
,,·illoW8; Ilhiist Kaudin, on the other hand, insists in 
the strongest tenns all the almost unil'ersnl tendency to 
nwersion in hybrids, and he experimented chielly on 
cultivated IJlallts. GUrtner further stawe that when 
any two spedes, although moat clO8(lly allied to each 
other, arc CI"08IIC() II ith Il. third sl>ccies, the hybrids nre 
widely different from each other; whcreas, if two '{"cry 
di!!'tinct "arietietl of one species nrc croesed with auother 
species. tbe hybrids do not differ much. nut tllis con
clusion, as far as I can make out, is found('(\ all a single 
experiment; and seems directly opposed to the results 
of 8Cveml ('xpcrimcnts made hy Kull'(:lIter. 

Sneh alone are the uuimportant dilfcrellC('8 which 
Gartner is ahle to point out Oct""eNI hyhrid and mongrel 
pillute. On the other hand, tbe degrees and kinds of 
resemblance in mongrels and in hyhrids to their respec
til'o parcnt~, IIIOrc eSI>ccinlly in hybrids produced from 
uearly relnted species, follow according to Gilrtner the 
samo laws. " 'hen two species are cl'08!:iC<l, ono has 
80rnetimcs a prepoteut power of impressing its like
lieu on the hybrid; and 80 I believe it to be with 
mrietica of plall1& With animals one "ariety certainly 
ortell has this IJrepotent power ol'er another "ariety. 
llybrid plants produced from a reeiprocal C1'068, gene
mlly retlCmble each other cI08Cly; and eo it is with 
mongrela from II. reciprocal CI'Ol\!8. Both hybrids and 
mongrels ean 00 reduced to either }Jure parent-form, 
by rcpcatoo CI'088C8 in successive generatiolls with either 
parent. . 

These scycral remarks are apparently applicable to 
animala; Lut tbe mhjcct iA here Illuch complicated, 
partly owing to the existenco of 8CC()lIdary scxual 
dlAraeters; but morc especially owing to prepotency 
in trnnslllitting likeness running more strongly ill one 
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sex tlUUl in tIle other, both when olle species is crossed 
with another, and whell oue mricty is cl"OflSCd with another 
,·ariety. :For inslo.uf..'C, I think those authors are right, 
who maintain UUlt tho ll8!I has a prepotent power m"er 
the horse, 80 that both the mule and the hinny more 
rescmble the 8S8 than the horiJO; bnt that the prepo
tcncy rUIlS more strcmgly in the male-ass thun in the 
fcmalc, 80 tJ18t the mule, which is the ondpring of 
the mnJ&-a811 Rnd mare, i.s more like an ll8iI, !hUll is the 
hinny, I',bid} is the offspring of the female-a.ss and 
stallion. 

Mnch strcss has been laid by some authors 011 the 
supposed flLut, thnt it is ouly with mongrels that the 
offspring are not intermediate ill character, bnt closely 
resemble one of their parenfB; but tbis dOO8 80metimes 
oceur with hybrids, yet I grant much iC88 frequently 
with tllcm than wilh mongrels. Looking to the cases 
which I IJ!lYo collectcd of cross-ored animals closely 
resembling ono parent, the resemblances scc.m cbiefly 
l'onfined to characters almost monstrous in thcir nature, 
nnd which have IUddcnly appeared-such lUI albinism, 
melanism, deficicncy of tail or horna, or additional 
fingers IUld toes; and do not rolate to chamct('rs which 
h!we boen slowly acquired through selection. Con· 
sequeutly, sudden revl'I"8ions to the perrect character 
of either parent would be more likely to occur with 
mongrels, which are dcsoended from '''arieties oft('u 
suddenly produced and semi-moD!ltrous in charact('r, 
than with hybrids, which are dcscended from species 
IIlowly !lIld !l!l.turnlly produc~d. On the wholo, I entirely 
agree with Dr. llrosper Lucas, who, after a.rranging nn 
enormous body of facts "ith respect to animals, comea 
to the con('iU3ion, that the Iav;g of resemblance of the 
child to its parenta are the snme, whether the two 
paronts diffe!· little or much frolO each other, namely 
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in the union of indi"iduals of tho samo YBricty, or of 
different YBrietics. or of distinct specie&. 

Loying o.sido the question of fertility and sterility, in 
all otller respect& there scems to 00 a gencral and close 
similarity in tile offspring of crQS:lcd species, and of 
crossed I'arietics, ]f we look at SPCCi08 as having been 
specially created, llnd at mricties as lllll'ing 00011 pro
duced by socolldary laws, thiB similarit.y would be an 
IlIItonishing fllCt. ]Jut it hannoniscs perfectly with the 
,"jew that there is no CflSCntial distinction between species 
and varieties. 

Summar!! oj (JI/.Qpltr. 

First creeses bctw()('n forms sufficiently distinct to be 
mnked AS species, and their hybridll, are I'cry genernlly, 
Lut 1I0t universally, sterile. The sterility is of all 
degrees, flnd is often 80 slight that the two most careful 
eXI)CrimcntalistJj who have ever lil'cd, havo come to 
diametrically opposite conclusions ill ranking fonns by 
thi3 test. Tho sterility is innately I'ariaLlo ill inoli,'i
duals of the same species, and is emill('utiy SIl~eptible 
of !!lvouraLle and unfal'oumble conditions. The degree 
of sterility does not strictly follow sy~tcmatic affinity, 
but iii gol'emed by several curious and complex laws. 
It is generally differeut, and somotimes widely ditTerent, 
in reciprocal cro,;scs Ix!twcen the same two species. It 
is not (liwllYs oqnal iu degree iu a firRt cross and in the 
hybrids produced from this cross, 

In tho same mllnner as in gmfting trees, the capacity 
of ono species or mriety to take on nuother, i3 iucidcntal 
on generally unknown differences iu their vegctative 
systems, 80 in crossing, the greater or leu facility of oue 
apeci<'8 to unite with another, iB incidental on unknown 
diff~reuCCiJ in their rcproductil'e systems. There is no 
more reasoll to think !hnt species hal'e been s:pecially 
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Clldowed with \'urious degrees of sterility to prevent 
them cf'088.illg and blending' in unture, dIan to tllillk 
that trece bMO been speciallycndowoo with "arious nnd 
somcwhot analogous degrees of difficu1ty in being grafted 
together ill order to pre\'ont them becoming iuurched in 
Ollr forests. 

The sterility of first CM5SCS and of tllcir hybrid pro-
gony hns not, as fo.r 8S we can judge, been increased 
through natural selection SO as to attain that high de
gree which is uni"(!f'SIll with speciC8 wilon rendered 
widely distinct. With first crosses between pure spe
cies, in wl1ich tho reproductive sy .. tcm is ill n perfect 
condition, the sterility 800ms to depend on so,'cral 
circuIllFmnces; in some C88CS largely on the early denUI 
of the embryo, but this apparently depends on some 
imperfection ill the originsl act of impregnation. With 
11ybrids. in which tho r!!productive system is ill IUl 

imperfect condition, and in which this system 8S well 
as the whole orgnniso.tion 1188 been disturbed hy being 
oompouudod from two distinct fonns, the sterility allpa
rently is closely alJied to that which so frequently 
affects pure spe<'ies, whell exposed to unnatural condi
tions of life. 'fhis view is supported by a parallelism of 
auother kind: namely, that the crossing of fonns only 
slightly differentiated favours the vigour aud fertility or 
their offspring; and that slight ehaugcEI in the colldiliolll 
or life apparently add to the vigour and fertility of all 
organic beings. But the facta ghoen on the sterility of 
the illegitimate unions of dimorphic and trimorphic 
plauts and of their i\lC'gitimnto progeny, render it pro
bable that thero is some unknown bond connecting in 
all ca.sc8 the degree or fertility of first unions with that 
or their off~pring. The consideration of tllC5e facts on 
dimorphislll, M well lUI the resulta of reciprocal CI'Ol'lle8o 

drivo us to conclude that in all cases the primary cauae 
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of sterility, both in the parents! and in the offi.l'ring, i3 
confined to differences in their reproductivo .systems. 
But why in nUlllerous species, descended from a common 
parent-form, the reproductive system should il t all ha"o 
becomo more or less modified, leading to their mutual 
infertility, we do 1I0t know in tho least; 1I0r whether 
this hruJ been effected directly, or in correlation with 
other frtnrctural and functional modificatiOIl!!. 

It is not surprising that tho degree of difficulty in 
uniting two species, and the degree of sterility of their 
hyhrid-offspring, should generally corTCSponcl, e,'en if 
duo to distinct cawes; for both depend ou the amount 
of differenco of some kind between tho species which 
are crossed. Nor is it rrurprising that tho facility of 
effecting a first cross, and the fertility of tll(! hybrids 
thus produced, and the capacity of being grafted to
gether-though this latter capacity ovidently depends 
on widely different circumstll.nees-should all nm, to a 
certain extent, parallel with tho systematic affinity of 
the fOMns which are subjected to experiment; for system
atic affinity attempts to express all kinds of resemblancc 
between all species, 

First croeses between forms known to be varieties, or 
sufficiently nliko to be considered 88 mrietice, and their 
mongrel offspring. are very gencmUy, but not, as is so
often stated, universally fertile. Nor is this nearly 
general and pcrfc-ct fertility surprising, when wo re
member how liablo we are to argue hl n. circle "ith 
respect to v!uictiee in 0. state of nnture; and when wo 
remember thnt the greater number of varieties have 
boon produocd uuder domestication hy the selection of 
mere external differences, nnd not of diffefCnces in the 
reproductivo system. Nor should it bo forgotten that 
long-continued domestication appnrently tends to elimi
nato sterility, nnd is therefore little likely to indnee this 
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same qualit.y, Excluding tho subject. of fertility. in 
all other respects there is the doeeet gcncro.l res('Jn
blanco between hybrids aud mongrels. FinaUy, tliell, 
although we nre profoundly ignorant in o"ery case of 
the precise cause of the sterility of first erosses and of 
hybrids, tho faeta briefly given in this chnpter <10 1Iot 
seem to mo Ollposed to tho view, that there is no fun<ln
mental distinction between ElpCCies and varieties. 
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cnAPTEU IX. 

~ TilE iMP.t:RYIX'TIOS or TilE GlOOLOOIC&L Hr;ronn. 

On the at-nee of intcnllooiate \'arictird at the I~nt day-On 
thoWltureofutiuctintemloointO\'l\fictil'8;ontheifuunliJer_ 
On the \'ll<It lapae of tiwe, all infem:d from th~ rate o{ depoeitiou 
anti of dMlndation -On tllO lo.>omeIIII of our JlIIIWontological 
eollI)Ctioll8-On the dcnud"tion 01 granitic al'fM-On the inter_ 
mitlenoo of geological ("rmations-On the II.IJ8Cnoe of intermediato 
\'arietil'tl in anyone formalivn-On the 8uddcn al)l'enmua! of 
l(I\1UI" of apecite-On theirlAluuell :lppcarnucc in the lowClit 
koowll fOlrlilifcJ'QW!I ~tratlL 

b thn 8ixth chapter I enumerated the chief objections 
IIhich might be justly urged against the ,·jews main
tained in this yolume. Most of thl2cm ha,'e now been 
discussed. One, namely tho distinctness of specific 
forms, and their lIot being blended together by innu
merable transitional links, is a yery ob,'jous di/llclllty. 
I assigned reasons why such links do not commonly 
occur nt the present day, under the circumstanccs 
apparently most fuyourable for thcil' presence, namely 
on an extensive and continuous area with gmduated 
lJbysical cond itions, I endCf\\'Oured to ahow, that the 
life of each s:pec.icsdcpcll(ls ilia more important mannel' 
0)) the presence of other already dcfined organic fonus, 
than on climate; and, therefore, t119.t the 100IIy go
\'cming conditions of life do not graduate away quite 
inscnsibly liko hcat or moisture. I endeavoured, nlso, 
to show that intenllcdiate varieties, from exi:;ting in 
I,,~.;er numbers than the fonns which they connect, will 
gt'llemlly be benten Ollt and exterminated during the 
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course of further modification and improyement.. The 
main cause, however, of innumerable intermediaw linb. 
not now occurring everywhere throughout nnture dc· 
pends ou the "ery process of natural selection, through 
which new varieties continnally take the places of and 
extermin.o.w their parent-forms. But just ill ptopOl·· 
tion as this process of extermination has acted on an 
enormous scale, so must the number of intermediate 
varieties, whieh have formerly existed on the earth, be 
tmly enormous. Why then is not every geological 
formation and every stratum full of such intermediate 
links? Geology Msuredly does not reveal any sllch 
finely·graduated organic chnin; and this, perhaps, is 
the most obvious and serious objection which can be 
urged against my theory. The explanation lies, as I 
believe, in the extreme imperfection of the geological 
""",n!. 

In the first place, it should always be bonle in mind 
what sort of intennediate forms must, on my theory, 
have formerly existed. I have found it difficult, when 
looking nt nny two species, to avoid pictllring to myself, 
forms directly intermediate between them. But this is 
a wholly false view; we should always look for forms 
intermediate between each species and a common but 
unknown progenitor; and the progenitor will genernlly 
have differed in some respectB from all its modified de· 
scendants. To gi\'e a simple illustration; the fantail 
and pouter pigeons have both descended from the rock· 
pigeon; if we possessed all tho intermediate varieties 
which 119.ve eyer existed, we should have an extremely 
close series betwoon both and the rock-pigeon; but we 
shOtlld havo no "arieties directly intenuediato betWCf'1l 
tho fUlltail and pouter; none, for instance, combining a 
tnil somewhat expanded with a crop somewhat enlarged, 
the cJlnmcterliltic features of these tll'O breeds. These 
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tiro breeds, moreover, ha'"e become so much modified, 
that, if we had 110 historical or indirect evidence regard
ing their origin, it would 1I0t have beell possible to have 
detcrmined, from a mere comparison of their structure 
with thnt of the rock.pigeon, C. livia, whether they had 
descended from thi" species or from somo other allied 
apceies, such as C. OCllns. 

So "ith natural species, if we look to fonns yery 
distinct, for instance to the horse and tapir, we ham 
no reruJCn to suppose that links evcr c:xi ... tcd directly 
intcnnediate betwecn them, but between eneh and an 
unknown common parent. 'fhe ('(Immon parent will 
1111\"0 hnd in its whole organisation much gen<:rol reo 
8t;mblance to the tal, ir Ilnd to the horse; but in some 
points of structure mny have differed considerably from 
botll, e\'en perhaps more than tllCY differ from each 
othcr, Hence, in all such c~s, wo should be unable to 
recognise the parent.form of any two or more species, 
moen if we closely ('(Impnred the stnlcture of tile parent 
with that of its modified descclldanU:, unless at the same 
time we had a nearly perfect chain of the intennediate 
links.. 

It i.s jll'lt po&sible by my theory, that one of two 
living forms might ha,"e descendcd from the other; for 
instancc, a horse from a tapir; and in this case direct 
intcrmedinte links will have e:xi ... ted between them. 
nut SUell n cnso would imply that one form had re
mained for n yery long period unaltered, wbilst its 
descendants had undergono a "lLSt aUlount of change; 
and the principle of competition betwcon organism and 
orgalli~Ul, ootween child and parent, will render this a 
vcry rare e,"cut j for in all eaSC8 the Dew and improved 
fomlS of lifo tend to supplnnt the old and unhnproyed 
forms. 

By the theory of natum! selection all Ih"ing species 



:342 TilE I,APSE OF TIME. 

hrn-e been cOnllCctcd with tIle parent-species of eaell 
genus, by differences not greater tllall we see between 
the mrieties of the same species at the present day; 
and these parent-species, now generally extinct, have in 
their turn been similarly connected with more ancient 
species; and 80 on oockwards. always converging to 
the common micestor of each great class. So that the 
number of illtermediate and transitionnllillk.s, betweell 
all living and extinct species, milst luwo been incon
ceirably great. Bnt assuredly, if tllis theory be true, 
such have li"ed upon tho earth. 

011 the Lapu of Time, alt inferred from tIle rate of 
Bcpoltitwn mid extent of .Denudatilm. 

Independently of our not finding fossil remaius of 
sllch infinitely numerOIlS connecting links, it may 00 
objected, tlmt time will not have sufficed fol' 80 great 
un amount of organic cl/ange, all changes IIn,ving been 
effected Yery slowly th rough natul"ill selection. It is 
hardly possible for me cyen to recall to the render, who 
may not be a practical geologist, the facts leading t110 
mind feebly to coml)l'eilend the lapse of time. Ho who 
can read Sir Charles Lyell's grlUld wori, on tho Prin
ciples of Geology, w1lieh the futuro historiall will recog
nise as having produced a revolution ill natural science, 
yet does not admit how incomprehensibly v([st have 
boon tho past periods of time, may at Ollce close this 
volume. Not that it suffices to study tim Principles 
of Geology, or to read special troatiscs by different ob
sen 'ers on separate formations, and to mark how eaeh 
authol' attempts to gire an illadcqunte idoo of the 
duration of each formatioll or C\'en each stmtulll. A 
man must for yeal'S examino for himself great piles of 
superimposed strata. lind wftteh the sea at work grinding 
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down old roc'k.s ilml Illilking fresh sediment, Lcfol"e he 
call hope to comprehend anything of tho lapse of time, 
the monuments of which we soo nrounc1us. 

It is good to wander along lines of sca-const, when 
furmed of moderately hard rocks, and mark the process 
of c1cgradotion. Tho tides in most cascs reach the clifts 
only for a short timo twice Il day, oud the wayes cat 
into them only when they are charged with sand or 
pebbles; for there hi good e\'idence that pure watel" 
etr~ta noilling in wearing away rock. At Inst the base 
of tbe cliff is undermined, huge fn~ments fall down, 
Ilnd thC8C, remaining fixed, haY6 to be worn away atom 
by ntom, until, reduced ill si~, they can be rolled aoout 
by the wan:~, und thf'1l fire more quickly ground into 
pcbbl~, sand, or mud. But how ofton do W(l1IOO along 
tho bascs of retreating cl iffil rounded boulders, all 
thickly clothed by marino productions, ~howi ng how 
lillie they are abmdcd and hoI\' seldom they arc rolled 
about! Mor~)\'er, if we follow for a. fe\\' miles any line 
of rocky clifT, which iii undergoing degradation, we find 
that it is only here oud there, olong a short length or 
round a promontory. that the cliffs are at the present 
timo sulfering, 'fhe appearllnce of the surface and the 
,<egetation show that elsewhere yrors have elapsed since 
the wflters Wtl8JlOO thei!" base. 

H e who most closely studies tho action of the sea on 
our ~hore;j, will, I belie,'c, be most deeply impressed 
'ritll the slowness with which rocky coosta nrc worn 
away, The obsen-ations on this head by Hugh Miller, 
and by that excellent observer JUT. Smith of Jomall 
llill, aro most impressive. With the mind thus im
pressed, let any one examino beds of conglomerate mnny 
thousand feet ill thickness, which, though probably 
formed at a quicker rote than Ulany other depo:;its, yet, 
from being fonned of worn and rounded )X'bblcs, each 
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of which bears tho 8tamp of time, are good to sho\l 
how 810wly tho IDMII htu! boon aCClllliulntoo. In tho 
CordiUera I OIItimll.too ono pilo of oonglomernte at ten 
thousand feet in thickness. Let the obscn-er remcwber 
Lyell's profound remark that the thicknCSll and extent 
of sedimentary formntioJ.J.8 are tho result and measure 
of tho degradation which the carth', crust 11M elsewhere 
sufft!red. And what fUl amount oC degradation is im
plied by tho sedimentary depotriLl of many countries! 
Professor Hamsny IIns givcll me the maximum thicknc8S, 
in most CIl.8CfI from actual rnOO3Ul"Cmcnt" in a few ca8C8 
from estimate, of each fonnation in di./ftrtmt parts of 
Great Britain ; and this is tho resttlt:- ,-

Pllt.moicKn.ta(ootincludingi~beol.) u1,154 
Soooodaly Illrata 13,190 
Tertiary Itnta 2,240 

-making altogether 72.584 fect; that. ill, '"ery Ilcnrly 
thirteen and throc.qunrtol'B British mil~. Some of the 
fonnation9, which are represented ill England by thin 
beds, are thousnnds of feet in thicknC88 on tho Con
tinent. )[oroo,'er, between each suoocssi,-e formation, 
wo blwe, in tho opinion of mOllt goologilfts, enormously 
IOllg blallk periods, So that tho lofty pile of sediment
ary rocks in Britnul gives but nn inndoquil.w idea of the 
time which hM elapsed during their nccumnlatioll; yet 
what time this must Im\"e consumed! Good obiien-ers 
l1a"\"o estimated Ol.llt I19d.iment is deposited by the groot 
jUississippi river at tho rute of only 600 feet in n hnndred 
thou:IIlnd yCfirs. 1'hiIJ estimate liM no pretension to 
strict exactnees i yet, collsidering o\-er what wido spnC(":j 

very fino sediment is transported by tho currcnu of tho 
906, tho pr0ce88 of accumulation over allY one extellsin"l 
area must be extremely slo"'. 

Bllt tho amount of denudation which tho strota ham 
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in mRlIy places suffered, independently of tho rate of 
~umultlt.ion of the degraded matter, prooobly offers 
the beat evidence of the lapse of time. I remember 
11I1.\-ing been much struck with tho evidenco of denuda· 
tion, when viewing volcanic islands, which haye been 
wom by the WiWC8 and pared nil rouud into perpen· 
dicnlllr clifflj of one or two theusaud feet in height j 

for tllo gentle slope of the lava-streams, due to their 
formerly liquid state, showed nt a glance hOlv fi.r the 
hanI, rocky beds had once extended into the open ocean. 
The same story is still more plainly told by faults,
those great cracks along whieh the strata havo been up· 
heal'cd 011 one side, or thrown down on tho other, to the 
height or depth of thousands of feet j for since tho e:rust 
Cracked (it makes 110 groot differenco whether the up
helll'al was Budden, or, as moat geologists uow belicvc, 
was vcry slow and cfl'octed by mallY starts). the surfnco 
of the lund hIlS been so completely pluned down by tho 
action of tllo sea that no trace of these I'ast dislocations 
i3extcmally I-isil;le. 

Tho Cnm~1I fault. for instance, extends for upwards 
of 30 milC!l, and along this liue the l'ertical displace. 
mont of the strata has varied from GOO to 3000 feet, 
Prof. Hamsay has published an account of fL dowlithrow 
in .\Ilglcscl\ of 2300 feet; I\nd he informs me that he 
fully beliol'cs there is one ill ?lferionethshirc of 12,000 
feet; yet ill these cases there is nothing all the surface 
of the land to show such prodigious movements j the 
llile of rocks on the oue or othol' side hal'ing been 
smoothly SWOI)t away, The consideration of tllese facts 
impre:.ses the mind almost in the 81l1no manuer as 
dOl's the yain endaayour to gmpple with the idea or 
et(>mity. 

I have made the.;e few remarks because it is highly 
important for us to guin some notion, howc\"er imper· 
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feet, of the lapse of time. Durillg each year, oyer the 
whole world, the land And the water haye been peopled 
by hosts of living fOL"lll". What lin infinite number of 
gcllerution~, which the mind cannot gru.sp, must have 
succeeded each other in the long roll of years! Now 
turn to our richest geological museums, and what (L 

paltry display we behold! 

On tlI6 POOr/lUI of our Pala!olltolo!Jical Oollections. 
That our palreontological collections are very imper

fect, is admitted by e\'ery on('. The remark of that 
admirable palroontologist, the late Edward Forbes, 
should not be forgotten, nnmely, that numbers of our 
fOSilii species are known and named from single and 
often broken specimens, or from a few specimens 001 -
lected on some one spot. Only 11. small portion of the 
surface of the earth has been geologically explored, and 
no part with sufficient care, as the important discoveries 
made every year in Ellrope prove. No organism WllOlly 
soft can be preserved. SheHs and bones will decay and 
disappear when left on the bottom of the sea, where 
sediment is not accumulating. I believe we ure COll
tinually taking a most erroneous view, when we tacitly 
admit to ourseh-es that sediment is being deposited 
over nearly the whole becl of the sea, at a rute sufli
ciently quick to embed and presen'o fOMi! remains. 
'l'hroughout nn enormously large proportion of the 
oceun, the bright blue tint of tile water bespeaks its 
purity. 'rho man)' cases 011 record of Il formation crlll
fOl'mably coycred, after nil enormous interval of time, 
by anothcr Ilnd Inter formation, without the nnderlying 
bed having suffered ill the interval any wear and tear, 
seem explicable only on tlw view of the bottom of 
the sea not rarely Iyillg for ages in un unultered eOIl
dition. '1'he remains wllich do become embedded, if 
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in SAnd or gran~l, will when tho broil arc upraised 
g<~nerally bo dissoh'e(1 by the percolation of min-water 
charged with carbonic acid. Some of the many kinds 
of animnls which live on the beach between high and 
low wnter mluk seem to be rnrely preserved, FOI' 

iustllllce, tllO 8e,'crill species of tho Chthamnlinro (a 
sub'f'lmily of sessile cirri pedes) cont the rocks all over 
the world in illfinite 1lIllubers: they are all strictly lit
toral, with tho cxecption of II. single Mcditerrallean 
species. \, Jjich inhabits deep water, tuld has been found 
fossil in Sicily, whereWi not one other species has 
hitherto been found in nny tertiary formation: yet it is 
now kllown that the genus Chthamnlu;J e:<bted during 
the CllBlk period. 

With respect to the terrestrial productions which lived 
tluring the Socondnry and Palroozoic pOl'iads, it is super
fluous to state that our evidence from fossil remains is 
frogmentary in an extreme degree. For instance, llOt 
n land shell is known belonging to eitller of tllese vast 
periods, \1 itb the exception of olle epeciaa discovered by 
f'ir C. Lyell nnd Dr, Dawson in the carboniferous strata 
of North .\.merica, of which shell above a hlllldred 
.. pecimens have now beeu coUected. In regard to 
mammiferous remains, a Bingle glance at the historical 
lable published in Lyell's Manu"l wilt bring homo the 
tnttll, how accidental and rare is their preservation, far 
ootter tllnn pnges of detail. Nor is their rarity sur· 
l' rising, when wo l'Cmember how Il1rge a proportion of 
the boncs of tertiury mammnls hayo been discovered 
either in caves or in lacustrine deposita; and that not 
a cn\'O or true Iat'ustrine bed is known belongiug to the 
age of our secondary or palreozoie formations. 

But the imperfcetion in the geological record largely 
results from nnother and more important cause than 
tilly of the foregoiug; namel~', from the IIC"Cra! forma-
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Hons being separated foom each other by wide inten'ab 
of time. This doctrine hns been most emphatically 
admitted by many geologists alld palreontologists, who, 
like E. Forbes, entirely disbelieve ill the change of 
species. When we see the formations tabulated ill 
written works, or when we follow them in nature, it is 
difficult to avoid believing that they are closely cou
secutive. But we know, for instance, from Sir n. 
Murchison's great work on Russia, what wide gaps 
there are in that country between the superimposed 
fonnntiollsj 80 it is ill North America, anll in many 
other parts of the world. The most skilful geologist, 
if his attention had been confined exclusively to these 
large territories, would never have sllspected that,during 
the periods which were blank and barren ill his own 
COUlltr)', great piles of sedimeut, charged with llew and 
peculiar forms of life, had elsewhere been accumu
lated. And if, ill each separate territory, iml'dly anr 
idea can bo formed of tbo length of timo which has 
elapsod bctweenthe consecutivo formations, we may infer 
that this could nowhero be ascertained. 1'ho frequent 
and great changes in tho mineralogical composition of 
consecutive formations, generally implying great changes 
in tho geography of the surrounding lands, whence tbo 
sedimcnt has been derh-ed, accords with the belief of 
vast intervals of time hnying elnpsed between each 
formntion. 

But wo cnn, I think, see why the geological formll
tions of each region nrc almost invariably inter
mittentj thnt is, have not followed each other in close 
sequence. Scmcely nny fact struck me moro when 
examining mauy hundred miles of the South American 
coasts, which hayo been upraised BC\'cral hundred fect 
within the recent period, than the absence of any recent 
deposits sllfficiently extensi\"e to Inst for even a short 
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goological period, Along the wholo west coo.st, which 
is inhabited by a peculiar marine fauna, tertiary beds 
are flO poorly developed, that no record of scH'rnl sue
ceR.~ivo Alld peculiar marino fHUlIllS will probably be 
l,resen'ed to reflection will ex-

he \\'cbtem side of 
ons with recent or 

tertiary remains can anywhere be found, though tho 
supply of sediment must for ages ha\'o been great, from 
tho enormous degradation of the COI\.tjt,..rocb and from 
muddy streams entering tho sea. The explAnation, no 
douut, iil, that the littoral and sub-littorul deposits arc 
continually worn uway, as 80011 lUI thoyare brought up 
by tho slow aud gradual ruing of tim laud witllin the 
grinding (lotion of the coast-\\'aw'l, 

We llIay, I think, safely collclude that sedimcnt must 
be accumulated.in extremely thick, solid, or e:xtellsiw! 
mnsscs, in order to withstand tho iU('('&;(l.nt actioll of 
the waw'S, whcn first upraised lind during SU~UCllt 
03cillatiollll of Im"el. Such thick and oxtensi,"o accumu
lations of sediment may be fonuoo in two way" ; eithet· 
ill profound depths of the 8('6, in which C8!K', judging 
from tho reeoorches of E. }'orbeft, we may conclude that 
tbe bottom will be inhabited by few auimals, but it will 
not lK-, as wo now kllow from telegrophicand other deep 
soundings, barren of life; oollllt-'<J.uently the 1Ul\88 when 
npmised will give a most imperfect record of the fonus 
of life which existoo during tho period of deposition. 01', 
~ooilllellt lllay be nccumulatod to any thickness and 
extent Ol'er a shallow bottom, if it continuo slowly to 
suW<le, In this latter case, f\.8 long 88 tho rate of sub-
8idcnco and supply of sediment nearly balance each 
other, the sea will remain shallow and famumble for 
lire, and thus 11 rich fossiliferous fonnatjoD, thick enough, 
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1111(111 upraised, to rel<ist almost an)" amount of degroda
HI)/l. mny be formed, 

1 am conl'illced thai nearly nil ourancicnt formations, 
II hieb are throughout tho grooler part of their thickness 
rklt i,.jouib, hn.\'(~ thus been fonll.-d duringsub,.;,id£-nce. 
Since publishing my yiolll"fl 011 thi,. subject in UN:), I 
hal'c watched tho progrt'88 of Geology, and ha,-e been 
surprised to nole how author aner aUlhor, in trrotiug 
of this or that great fonnniion, hM come to the con
ehUlioll that it was accumulated during 8u!Jdidencc. I 
may add, that the only nncieut terti"ry formation 011 

the west eORSt of South America, wllich hllJl been bulk-y 
('lIough to re~~t such degradation 118 it. haa flS yet suf
fered, but which will hardly Jagt to a distunt geological 
age. "'OJ! certainly deposited during a downwanl oscilla
tiOl1 of le,'cJ, and tim. gailled colwdcmble thickness. 

All geological fil.Cts teU ll8 plainly thnt earh area 
hils lmdergono numerous slow oscillations of level, aud 
Ilppnrently these 08CiUatiOlls hln'c aO't..,<,led II ide f'pne~ 
Consequently formatious rich in fOi!8ils aud aufficiently 
thick and extell8il'c to reaist 8ub8equent degradation, 
may 118,'e been formed o\'er wide spact'8 during pcl"iod!i 
of /Jubaidellce. but only where the supply of sediment 
was iluflicient to kOOI) the sea shallow and to embed and 
preserve the remai ll8 before they had timo to decay, 
On the other hand, 11.8 long 88 the bed of the sea re
maiued stationary, thid: deposits could not ha'l'e been 
I",'culllulated in the .hallow parta, which are the mOtit 
fO'l'onrablc to life, f't.ill 1e88 could this hue happened 
during the alternate periods of elemtion ; or, to speak 
more accurnlelv, the beds which were illen aceumulaled 
will generally ha,'e heeu destroyed by beiug upraised 
and brought within Iii", limits of the OOftiIt-action, 

Tb686 remarka apply clliefly to littoral and Bub-littoral 
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deposits. 1n the casc of on extcnsi\'C and shallow Bea. 
stleli 08 that within a large part of thc Malay Archi
pelago, where the depth varies from 30 or -10 to 60 
fathoms, n. widely extended formation might Lc formed 
during a lX'riod of elenl.t ion, Bnd yet not suller exces
sively from dCllUdntion during ita slow uphcaval; but 
tho thickness of tho formation could not be great, fol' 
oll-ing to thc clomtory mo"ement it would be IC8:!i than 
the depth in which it was forme<l; nor would the deposit 
be much consolidated, nor becapl)L'(1 by overlyillg forma
tiUIlS, RO that it would run a good Ch1l1l(,0 of being worn 
away by 1Il1nosl)heric degradation alld by the actiou of 
th", 8f'8 during 8ubsequent oecillatiou8 of hn'el. It hM, 
howe\'er, lx>cn suggested by M r, Hopkins, that if one 
part of tho area, after rising and before being denuded, 
slibside<l, tho deposit formed dUl"ingtho rising movement, 
though IIOt thick, might afterwards become protected 
by fresh accumulations, aud thus be prcscn'ed for a 
10llg period, 

Mr, 1l0pkiu8 also expresses his belief thatsedimelltary 
beds of COllsidemble horizontaJ extent lUL\'c rotely been 
completely dCfllroyed. But all geologists, eJ:ccl)ting the 
few wllO bclic\'c that our prc';()nt metamorphic schisrs 
nnd plutonic rocks once formed the primordialllllclclis of 
the globe, will probably admit that rocks of this nature 
IUUtit ha\'ll been dcnudcd on an CllOl1nous SCtJc. l~or 

it is scarcely possible that theS<l rocks could have been 
solidified !lud crystallized whilst uncovered; but if the 
mctamorphic actiou occurre<l at profound depths of the 
ocean, the foru\Or protecting mantie may not have been 
\·ery thick. Admitting then that 8nch rocks as gneiss, 
micn-schist, granite, diorite, &c" were 01l(,:{1 lle<:e8S8l'ilr 
('()\'ered up. how cau wc accoullt for the naked and ex
tcu~i\'e areas of such rocks in man)' parts of the world, 
except 011 the belief that they hayc subsequently been 
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completely denuded of all overlying stmta? 'l'hat $11('11 
erlensim nreas do exist cannot be doubted: the gmniti1' 
region of Parime is described by lluwboldt as being at 
ICftSt nineteen times as large as Switzerlnnd. South of 
the Amazon, Bone colours an 1lr(!(L composed of rocks of 
this natur(! M equal to thllt of Spuin, Fmnce,ltaly,pnrt 
efGennanr, and the British lsllUlds, all conjoined. This 
region h(ls not -been carefully explored, but from the 
oonctlmmt testimony of travellers, the gmnitic are6 
must be wry large: thM, Von Eschwcgo gi\'cs a de
tailed section of these rooks, stretching from Rio de 
J(llIeiro for 2GO gcogmpllical milee inland in (L stroighl 
line; and J tra\'elled for 150 miles in another direction 
and saw nothing but granitic rocks. Numerous speci
mens, collected nlong the whole coast from Ilcar Rio 
Janeiro to the mouth of the Plata, a digtallce of 1100 
googmJlhieal miles, were examined I;y me, and they all 
belonged to this chum. Inland, along the whole northcnl 
bank of tllC Platn I saw, besides modt'nt tertiary beds, 
only one small putch of sHghUy metamorphosed rock, 
whieh alone could ha\'o formoo a pnrt of the originnl 
capping of the granitic series. Turning toa well-known 
region, namcly, to tho United Statcs nnd Canada, lIS 

shown in Professor U. D. Rogers's beuutiful map. I hlwc 
e!ltimated tho areas by cutting out and weighing the 
pRper, anti! find that the metamorphic (e.s:eluding "the 
eemi-mctalllorphic ") nnd granitic rocb exceed, ill tIle 
proportion of 19 to ]2':1, the wholo or the newer Pala.'O
zoic fomlations, In mnny regiolls the metamorphic 
and granitic rocks woulJ Lo BCCIl to be much more 
widely extended, ir all tbe Ik.odimentary beds were r('

moycd which rest unconformably on them, aud whieh 
could not hnyo fonned part of the original mnntie under 
which they were crystallized. Heu('(l it is proltable that 
irl BOrne parts of the world whole ronnntiollfl, marking 
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at letLSt Bub-stagcfl ill tho eevcml succes.~ive gcologiCllI 
cpochR, havo beeu completely delluded, with not a wreck 
left bebind. 

OliO rcmiU'k is hero worth a passing lIotice. During 
periods of elevation tho area of tho land and of tbe 
adjoining shonl parts of UIe BOO will be increased, and 
ncw stations will often be formed ;-a11 circumstances 
flu"oumble, as pr(wiollsly explained, for the formation 
of lIew varieti(!8 and species; but during such periods 
there will generally be a blank in tha gcologicnl record. 
011 the other hand, during subeideuC<', tho inhabited 
area and nnmber of inhabitants will decrease (excl'pting 
Oil thc shores of a contincnt when first broken up into 
8n archipelago), and consequcntly during 8ubsidt'ncc, 
though there will be much ('xtinclion, few nel,.. Tari,.ties 
or "I>cci('s will be formed; and it is during those ,"cry 
periods of subsidence, t1H~t our great dep08ite rich in 
fossils hoxo been accumulated. 

011 tlu ..t'I...O«n« of NumnYJIU Intn-m«liau r""aridiu in 
an/l 0Jl~ Sino" Formation. 

From these Beyem) cousidemtions, it Cllnl\ot be doubted 
that the geological record, viowed as a whole, is extremely 
impcrfe<:t; but if 11'0 confino our attention to nny one 
formation, it becomes much morc difficult to understand, 
why we do not ih~rcin find closely gmduated mrieties 
betwcen the allied specics which lil"ed at its commcnce· 
mf'llt Rnd at its dose. SeTcrol cases arc on record of 
the same species presenting distinct varietics in the 
upper Rnd lower parts of the Mme formation, but, as they 
tire not common, thoy may be here Imssed OI·er. Although 
ench formation has indisputably required a I'ilSt number 
of years for it.:! deposition, I can see sol'ernl reMOns why 
eMh should not includo a graduated St:ries of links 
between the species which Ih'ed nt its commencement 
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ami close; but I cannot assign due proportional weight 
to the following considcmtioll!;. 

Although cach formation may mark a very long lap66 
of yenrs, each probably iii !thort compared with the 
period requisite to change olle species into nnotl1er. 1 
n1ll aware that two palreontologists, whoso ollinions are 
w0l1hy of much deferellcc, namely Bronn and \Yood· 
ward, havo concluded that the average duration of ench 
formation is twice or thrice WI long f1S tho a'·erage 
duration of specific forms. But insuperablo difficulties, 
as it seems to me, prevent liS from coming to any just 
('Quclu,.ion on this head. When wo soo a species rirst 
appearing in the middle of nny formntion, it 1I"0uld be 
rash in the extreme to infer thnt it had not elsewhere 
pt'C\·iouslyexisted. So Ilg'l\in when we find !l species 
disappearing before the llUlt layers ha,·c be<ln deposited, 
it would be equally rash: to suppose tlJnt it then became 
extinct. We forget how smnll tho area of Europe is 
compared with the rest of the world; nor have the 
8e,'eml stagC8 of the same formation throughout Europe 
boon correlated with perfect nccuracy. 

\\'jth marine animals of all kinds, we may safely 
infer a large amount of migrntion during climatal 
£\lId othOl' changes; and whcn wo seo a specics fi rst 
allPcaring in any formntion, the probability iii tllBt it 
only then first immigmtcd into that area. It is well 
known, for intltancc. that sevcrnl species aplle'aroo some
what earlier iu the pn.lreozoie beds of North America 
thall ill those of Eurol)6; time having apparently beeu 
required for their migmtioll from tIle American to tho 
European 9('BS. In C'xlllllining the latest deposits iu 
,"urious quarters of the world, it has el'erywhere been 
noted, that some few stiiJ existing species aro cowmon 
in the deposit, but have become extinct in the immedi
ately surrounding sen; or, collversely, that some are 
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1I0W nbundant. in the neighbouring sca, 1.mt are !"are 01" 

lIi.n1cnt in thill porticular depoflit. It is an escellent 
INSOn to refleet on the 88C('ruUuNi amount or migration 
or the inhabitAnb or Europe during the glot·ittl period, 
which ronns only II. part of one ",hole geoiogicill lX'riod; 
and likewise to relied all tho great chango>! of level, 
011 the inordinately great chauge of climate, 011 the 
prodigiow lapse of time, all included within thid sallie 
glacial period. Yet it lIIay be douLted whether, in any 
quarter of the world, .sediment.ary dcposits, illdudi"9 
illnil remaill', ho,·o gone on accumulating within the 
samo area during the whole of this p:)I":ioti. It jij not) 
for instanc(', probnLle tlltlt 8(!(\iment WIl8 deposited 
during the whole of the glacial period n1'&r the mouth 
of tho Uissi.l:lllippi, within tbat limit of depth at whid\ 
mariuo animals can flourish; for we know ",hat \"Qst 
gcogrnphienl changes occurred ill other pftrh of America 
during this Bpaco of time. Whell snch bt.'ds fiS were 
depo.;;ited in shAllow water ncar the month of the Mh,
siA:;ippi during 80me po.rt of tbo glacial periodbhall ha\"e 
oc'Cn upraised, organic remains will probnbly firllt apP(,Ar 
ami dilSl.lppoor At different 10,·('ls, owing to the migmtion 
of spoci('fj And to googmphiaul changes. Aud ill the 
di.stallt future, f\. geologist) eXAmining thc!!C bftIlO, would 
be temptL>d to conclude thnt the nn:rnge durotinn of life 
of the embt.odcled f08Sil8 had been I(!ss than that of the 
~Iacinl period, instead of ha,·ing been really ffl.r greater, 
that is, 1'.xtcnding from bcforo the glacial ('llOCh to the 
l)ll'8ent dRY. 

In order to get a perfect gmdation between two fonns 
in the upper lind lower parts of the same formation, the 
dl'llO:!.it will ham to go on continuously flCeumulating 
during a very long period,80 that there may be time Buf
flcient for tho slow process of ,·al"intion; hcnce tho deposit 
will 110.\"0 to be I\. ,·ery thick one; amI tho speeice under-
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going modification will hM'e to li\'e in tho snme distric:t 
throughout this whole time, But wo hn\'O seen that il. 

thick formation, fossiliferous throughout its thickne~'1, 
can accumulate only during a period of subsidence; and 
to keep the d"pth approximately the snlllC, which is 
Ilcecssary that the 8I\1Il0 mariuo spedes mny live on tho 
same space, the supply of sediment IllU.'3t nearly coun
terbnlnuce the amount of subsidence, Dut this same 
movement of subsidence will often tcud to snbmcrge 
the area whence'the sedimcnt is dcrh'ed. and tIm::! 
dimiui;;h the supply whilst UIe downward movcmcnt 
continues. In fact, this nearly cxact balancing between 
the supply of sediment and the amount of subsidcnce 
is probnbly 1\ rare contingency; for it has been observed 
by mom than one pnlroontologist, that "cry ,thick de
posits am usually barrell of organie remains, cxcept 
ncar their upper or lower limits, 
It would seem that each sc})amto formation, like tho 

wholo pile of formatiOlli! in nny country, has generally 
been intennittent ill ita accumnlation, When we sec. 
as is 80 often the ease, a fonnatioll composed of beds 
of different mineralogical composition, we may reason
ably suspect that tile pfO<"CSS of dcposition has been 
much interrupted, as 1\ clmllgo in the currents of the 
sea and a supply of sediment of a dill·crollt nature will 
genemlly IUl"o been dnc to geogmllIiieal changes re.. 
Quiring much time. Nor will the clO8C!<t inspection of 
n formation gi,'e any iden of the time which iIB depo
sition has COU8mnt'<l. Many instanccs could be gh'cu 
of beds only 11 few feet ill thickness, representing for
mlltions, clsewhl'te thOtilJll,llds of fcct in thicknCS8, and 
which must havo required lUI ellonnous period for their 
accumulation; yet 110 one ignomnt of this fnet would 
have suspected tllC ,'ast laps6 of time represented by 
the thinner formation, Many cases could be given of 
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tll(! lower beds of a formation htH-iug I.,ccn upraised, 
dClluded, submerged, and then re-covcred by the upper 
beds of the SlIme fonuation,-facts, showing what wide, 
yet rosily overlooked, intcrmls have occurred ill its accu
mulation. In other cases we hll\'o the plnincst Cl'idcnco 
ill great fOSfliliscd trees, still stauding upright ns tIley 
grew, of many long intervals of timo and changes of 
le\-d during tho process of depoeition, which would 
never oven hll\'o been suspected, hnd not tho trees 
chouC(!(i to hl\\'o \x>cn presen'oo: thu!! Sir C. J~yell and 
Dr. Dawson found carboniferous bed!! BOO feet twck 
in Xova Scotia, with ancient root-bearing strota, ono 
obom tho other, at no less than si:cty-cight different 
1m-cis. Hellce, wben tho SlImo specics occur ot the 
bottom, middle, and top of a formation, the prooobility 
is that thoy lul.l'o not H,'ed ou the salllO spot during tho 
whole period of deposition, hut luwe disappeared aud 
reappeared, pcrl1fips many times, during tho same ge0-
logical period. So that, if sueh !!peeics wcre to undergo 
a considerable amount of modificatiou during anyone 
geoloh>lCal period, a 86Ction would not Ilrobably include 
all tho fine intermooiate 'grndations which must 011 my 
theory ha\'o existed between them, but obmpt, though 
perhaps slight, changes of form. 

It is all-important to remember tlmt lIatumlists have 
no golden nile by which to distinguish species and 
varieties; they grant some little ,'ariability to each 
&pecies, but whcn they meet with a solllowhat greater 
OmOllllt of difit.ll'('nce between nny two form!!, they rank 
both as 8peeiCfl, unless thoyaro enablM to OOUllcct them 
together by the clO6CSt iutermooiato gradations. .\ud 
this from the reasons just assigned we can seldom hope 
to effect in nul' one goologica.1 flCCtion. Supposing B 
and C to be two species, and n third, At to be found in 
an underlying nnd older bed; oven if A. were strictly 
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inf.('rmcdiute bet .... een Band 0, it would simply be 
rnllkcd 1\8 Il third and distinct FpCCiClJ, tlulesa at the S8mo 
time it could be most closely conneded with either 
one or both forms by int('nncdiate mrietiCfl. Nor 
shol1ld it be forgotten, as before expillilwd, thllt A might 
be tho /\Ctlllli progenitor of U Ilnd C, Illid yet might not 
nCC<'lolll\rily J.,e strictly intermed illte between them ill IlI1 
respeds. ::.:0 thnt wc might olJtain the parent-species 
Ilnd its Bel-ernl modified descendants from the lower 
ami upper beel" of II. fomotion, ami unless we outainoo 
IIl1merou.! tmu.s.itional gmdations, we lihould not recog
ni~ their blood-relationship, and should ronsequently 
be colllpelled to milk them all WI distinf't !!pe<'ies. 

It is notorious on what cXCC8I!ively slight <liffcrenees 
!Dllny pall\..'OlItologistg have founded their species; and 
they do this the moro readily if the specimens come 
from t1ill'l'rent sub-stages of the snmo formation. Some 
('xperi<:>lleed conchologiBtB arc 11011' sinking muny of the 
vcry fille "l)(!Cies of D'Orhigny nlld oth('I'8 into the l1lllk 

of mricties; snd on this view we do find the kind of 
evidence of change which on my theory wo ought to 
find. Look ~"'Ilin ot the later tertiary deposits, which 
iuciwle !Dally shells believed by the. majority or ustl1-
ulislit to be identical with exist ing species; but some 
exeellent llfttumlist!!, ns A~ssiz nud Pietet, maintain 
that all theM tertiary species are ~ifically distinct, 
tJlO11gh the distinction is admitted to bo very slight; 
flO that here, unless wc believe tlmt these eminent uatn
mlillts ha\'e ooen misled by their imngillntioll~, and thnt 
thes(' Into krtillry RpC(' ies really present 110 difference 
whatever from their Ij"ing represcntatin.'!l, or unless we 
belie"e that the great lIIfljOrity of lIotumlbl.s are wrong 
and thnt the tertinry species are all truly distinct from 
the recent, we ha"e ('videnoo of frequent occurrence of 
slight modifications of the kind required. If we look to 
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rather wider iuten-nIs of time, uamely, 10 distinct but 
consecutivo stages of tIle same great fornlatioll, we find 
that tho embedded fossilS, though almosi universally 
mnked I\S 8J:leeificolly different, yet afO far more closely 
relnted to ench other thall flrc the species fouud in morc 
widely sCllamtcd formatiollS; so that hero again we 
luwe undoubted evidence of change, though 1I0t strictly 
of n\riation, in thc direction reqnired by my theory; 
but to this latter subject I shall have to return in the 
following cJlapler, 

With animals and plants that propagate rapidly ami 
do 1I0t wander much, there is I'Ct\SOn to suspect, ns we 
have Comlerly se<!II, that their varieties nre generally at 
first local; aurl that snch local varieties do not 8pread 
widely and supplaut their parent. forms ulltil they h:,,-e 
been modified and fK!rfectcd in sollie considerable degree, 
.\.ccording to this yiew, the chance of discovering in l~ 
fomlation in anyone country all the eMly stages of 
transition between any two such forms, is small, for tho 
,ucccssivo changes are supposed to havc been local or 
confined to 80mc onc spot. Most marine animals hln'e 
a wide range; and we have seen that with plauts it is 
those which hCH'e tho widest range, that oftcnest present 
varicties; 80 that) "ith !>bells Rnd other marine animals, 
it ii highly probable that those which htn'e had the 
wid~t ronge, fllr exceeding the limits of tho known geo
logical formatiolls of Enrope, hal'O oftenest gil"cn rise, 
6rst to locul varietics alld ultimately to new species; 
Iud this ~"'iIin would greatly letlSCll thc ch(lllcC of our 
being Able to troce 1110 stages of transition ill any olle 
geological formntiou, 

It iii n more important collsideration, clearly l(.'8ding 
to tho same result, us Illteh' insisted 011 bv Dr, l"alconer, 
namely, thnt the perioru;- during which species hl\\-e 
k .... n undergoing modification, though l'Cfy long RS 
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measured by yeara, have prooobly been short in com
parison with tho periods during which theso Barne species 
remained without nndergoing auy clUl.uge. 'Ve may 
iufer that this hM been tho case, from there being 
no iuherent tendency in organic beillgs to become modi
fie.:l or to progress in structure, and from all modifica
tions depending, firstly on 10ng-OOlltinue.:l yariability, 
olld seeondly on chllnges in tho physiclIl conditions of 
life, or on ehfUlgC:s in tho hllhits nnd structure of com
peting species, or on the immigration of uew forms; 
lind such contingencies will supervene iu most e~ 
Ollly after long intervals of timo and at a slow mte. 
These ehauges. mOfCOver, in the organic and inorganic 
conditions of lifo will affect only a limited number of 
the inhabitan~ of any ono ureA or country. 

It should not 00 forgotten, that at the present day, 
with perfect specimens for examinlltioll, two forms can 
seldom be connected by intermediatc nlrietics, and tllUs 
proved to be the same species. until many specimcUll 
blWO been collected from many places; and in the case 
of fOl!Si1 speciea this could rarely be effected by palm
ontologists. We shall, l>crbaps, beet percei,-e tho im
prooobility of our being enabled to connect species by 
numerons fine, intermediate fossil links, by asking onr
sch-es whether, for instance, geologists at some futurc 
period will be ablo to provo that our different breeds 
of cattle, sha-p, horses, Bnd dogs havo descended from 
a siugle !dock or from se,'eral aboriginal stocks; or, 
again, wheUlcr certain sea-shells inhabiting Ule shores or 
North Amcrica, ",·hich IU'(l ronked by some conehologists 
as distinct species from their European represelltath'~ 
and by other cOllchologists as only wnietiell, nre really 
varieties, or arc, as it is CllUe.:i, specifically distinct. 
'rhis eould be effected only by tho futuro geologist 
discovering iu a fossil state numerous intcnnediate gra-
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uations; and such success is improbable in the highest 
degree. 

It bas bc<>n asserted oover and o\'er again, by "riters 
who believe in tho immutdbililY of species, tlmt g(.'Ology 
yields no linking forms. 'l'h is assertion is entirely 
erroncous. As Sir J. Lubbock has remarked, "Every 
l:!1)6Cies is a link between othcr sHied fonns." We 
eloorly see this if we take a genus haying a score 
of recent and cxtinct speeies Ilud destroy four-finIl.iI of 
them; for in tllia CIl50 no one doubts that the re
mainder will stand much moro distinct from each other. 
If the extreme forms in the gcuus hUlJpen to hilre been 
thus destroyed, the genus itself in most cases will stand 
more di.;;trnet from other allied gencra. 'rhc oomel und 
the pig, or the horiJO and the tapir, are 1I0W ob"iously 
"cry distinct forms; but if wo add the scl'cfltl fossil 
qUll.drupeds which hayo ulrcudy beell disco,·crcd to the 
familit..>S including the camel and pig, thel!6 forms be
come joined by IjllkB not extremely wido apart. 'fhe 
chllin of linking forlllS does not, howe"er, in these ctli~es. 
or ill any case, run straight from the ono Ih'ing form 
to tho other, but tll.kcB a eircuitOll.il sweep tlltough tho 
forms which li\'ed during long-past ages. Wbat g~ 
logical research hns llot revcaled is the fanner exi.:;tellce 
or infinitely numcrous gradntions, Il.8 fine 88 cxi...ting 
nrieties, connecting all known species. And this not 
bln-ing been elTected by geology is the most obviolls 
o~ tho many objeetions which lllUy 00 urged against my 
n ews. 

Hence it will be worth while to sum up the rore
going temlll"ks on the cau..es of the imperrection of the 
geological record under an imaginary illustratioll. 'I'h~ 
)lalay _hchipelago is about the size of Europe f'rom the 
North Capo to the Meditcrmnean, and from13ritllin to 
HU88W.; snd thercCore equals nil the geological fonna-

n 
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tions which have been examined with any accuracy, 
excepting those of tho United States of America. 1 
fully agree with Mr. Godwin.Austen, that the prci'('ut 
eOllditioll of the Malay Archipelago, with its numerous 
large islands separated by wide and shallow seos, pro
bably rcl)rescnts tho former Btate of Europe, whil~t. 
most of our formatiolls were accumulating. Tho Ualay 
Archipelago is one of tho richest. regions of the whole 
world in organic beings; yet if all tho species were to 
be oollected which have m"er lived there, how imper. 
foctly would they rcpresent the natural history of tho 
world! 

Bnt wo hnve every rcMOn to belio\'o that tho terT(.'8-
trial productions of the archipelago would be preserved 
ill an oxcessively imperfect manner in the fonnatiOll3 
which wo suppose to be there accumulating. I suspect 
that not many of tho strictly littoral animals, or of those 
which Jinxl 011 lIaked submarine rocks, would be em· 
bedded; and tllOse embeddf'd ill gravel or saud would 
not endure to a distant epoch. Whcn:n"er sediment did 
not accumulate on the bed of the sea, or where it did 
not accumulate nt a sufficient rate to protect organic 
bodies from decay, 110 remaius oould be preserved. 

].~ormatiollil rich in fossils, and of tbickness sufficicnt 
to last to an age as distant in futurity as the secondary 
fonnatiOIlS lio in the Po.st, would generally be formed 
in tho artbipelago only during periods of subsidence. 
These periods of subsidence would be septl.ratod from 
each otllCr by enormous illten'als of time, dnring whil·h 
the aroo would be either stationary or rising; whibt 
rising, the fossiliferous fonnatiollil Oil tile steeper shoree 
wonld be de:;troyed, almOtlt as soon ElS accumulatod, by 
tho inCCS8I\llt coast-action, as we now sec on the shores 
of South America; evcn throughout the extensive and 
shallow 11088 within the archipelago sedimentary \x.-dt 
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could not, during tho periods of elevation, be fll'Cumu
lated or great thickness, or beoorue capped and pro
tected by sulHcqnent deposits, &0 as to ha,'e a good 
chanco of cnduring to an extremely di~tallt future, 
During the periods of subsidence, there would prolmbly 
bo much extinction of life; during tho periods of eleva.
tion, there would be much mriation, but the geological 
record would then be least perfect. 

It may be doubted whether tho duration of anyone 
great period of subsidenco o,'er the wholo or part of the 
archipelogo, together with a contempolllllooUS accumu
lotion of sediment, would ncw1 tho Ilverage dumtion 
of the 8RIllO specific fonDs; and these contingencies are 
indispensable for tho presen'ation of all tho tnU\.~itional 
gradations betwecn any two or moro speciea, If stich 
~dations were 1I0t all fully Jlrt'8Cr,'cd, transitiollal 
"arictics would merely Appear ILS so mOlly distinct 
species. It is also probable tilat each great period of 
subsidenco would be interrupted by oscillatiOlls of lo,'el, 
and that slight climatal changes would inten-ene during 
such lengthy periods; and in these CIUlt'fl the inhabit
ants of the archipelago would mih"l'fttc, and uo closely 
oon5CCuti,'o record of their modifications could be pre-
8Crved ill anyone formation, 

Ycry mfilly of the marine inllnbitants of the archipe. 
lago 1I0W range thousands of miles beyond its oonfines; 
and analogy plainly leads to the belief that it would be 
chiefly these fllr-ranging spccie~ though ollly &orne of 
thrill, which would oftenest produce now \'arieties; and 
the varieties would at first generally be local or con
lini'd to ono place, hut if possessed of any decided 
advantage, or wben further modified Bnd impnrved. 
thl'y would 810wly spread and fJUpplaot their pBrent. 
"rms. When such vllrieties returned to their ancient 
bomes, as they would differ from their fomJt>r btll.te, in 
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fl noorly uniform, tllOugh perhaps extremely slight do
gree, and as they would be fOUlld embeddod iu slightly 
different. 8Ub-stages of the IlDme fonuation, tbey would, 
a.ooonling to the principles followed by many paltl!Outo
logi~ts, be milked as now and distinct species. 

If then there be 801110 degree of truth in theRO 
remarks, we ha"o 0() right to expect to find, ill our 
geolOf{icul fonnationg, an infinito number of those fiue 
tmn ... itiOllal forms which, on my theory, have COllDceted 
all the pa~t and prellC-nt epecies of the game group into 
0110 long (llid brunching chain of life, We ought only 
to look for a few links, und ench nssuredly wo do find 
---80me more distantly, somo more closely, related to 
each other; and these links, let them be ever 80 closc, 
if found in different stagt'8 of the 8flme formation, would, 
by many palo..'Ontolog:6ts, be ronked as distinct specie.;. 
nut I do not pretend thnt [should ever ha,'e suspected 
how poor a record of the mutations of lifo the 1Jc8t 
preecrved geological section would present, had not the 
diniculty of our not d.iscO\'ering innumerable tl'8llSitional 
linb between the speciCti which appeared at the com· 
mClloomcnt and c10ee of each formation, pressed 80 
hardly on my theory. 

0", tht IUddm Apptara'l~ of trlwk Group' of allkd 
Sp<M. 

Tho abrupt manner in which wbo1e groupe of spedt» 
sU(iIIenlyappear in eertaitl formatiotu!, has been urged 
by 8Cvera1 pnlmoutologi8ts-for inetltnoo, by Agn&iiz, 
Pietct, Bud Scdgwirk-ru 1\ fatal objection to tbo belief 
in tho tmnSIDutalion of species. If numerous specie.. 
belonging to the 881110 genera or familiCll, ha'\'e really 
startcd into life at once, the fact would be fatal to 
tho theory of descent with slow modification through 
Mtural sclcctiotl. E'or the developmcnt of tl. group 
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of forms, all of which ha"e de!l('('uded from somo one 
progenitor. mun have been all extr(>mely slow Jlr0ct"88j 

arid the progenitoal must ha"e lin!d long agt'8 Wore 
their modifwd descendants. But we eontinuallyover
rate the perfection of tho goological rerord. and faloely 
inf~r, bocan8Q certain genem. or families ha\"o not been 
found beneath a certain stag-e, tlu\t they did not exist 
before that stag-e. In all cases I»-ith'o paltl!OutolQb-ieal 
nid("-ncc may be implicitly trusted; negathe el'idence 
iii v .. orthlCfl8, 88 experience hM 80 onen showlI. \\'0 
rontinWllly forget how large tbo world ill, COnl)l8n'"d with 
the arm Ol'er which our geological formatiolls h/U'o been 
('1U'('fully examined; \\0 forg('t that g'I"OlIp;! of species 
lUay elsewhere ha,'e 10llg exkt('d. and ha'-o slowly mul
tiplied, before tht-y im'aJed the and~lIt archipelagoes 
ur Europe and the "Luited Slate!!. We do not make 
duo allowallCil for tho CIlQrIilOU,. intcn'lllB of timo \\hich 
ha,'o ela)lscd iJctwOCIl our ('Qn'ICl"lUi\o fOl"lliatiolls,
lOub .... ~r perhape ill many casea than tho lime required 
f,lr the ll('('urnuJatioll of each formation. Tht....e in
h'n'als ,,-ill ha,"o given time fur Ihf> mll.ltipli,'ation or 
II_'('ie. from 80me one or 80me few part·nt-formllj and 
in the 8lIC«'C<1iug formation I!uch grtoU)1II of spt.'Cit."iI will 
IIl'peAr as ir suddenly created. 

J may here rcca1J a remark fomlerly made, ualnely, 
tlmt it might require a long 1U(Y'('""ioll of ages to adapt 
an organil!lIl to 80me new aud poculiar line of life, for 
iwtanoo, to fly tlll"ough the air; and oollK'<J.uently that 
thu trnn~itionn1 forms would often long remain confined 
to 80me ono rl'b-ion; but that, when this adaptation had 
once been effected, aud a few I!]>ociee had thus acquiry."ld 
a great ad\'lllltage O,'er other organisms, a oomparati\'ely 
.Lort time would be DE.'CeI'S8ry to produce mall)' dh-er
Plllt form" ,,-Ilich would be able to 8pl't.'6d r8Jlitllyand 
widely throughout the world. I'rofC~liOr llictet. in his 
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excellent Review of this work, ill commenti ng on oorly 
tmllsitiolla! forlll8, Rnd taking bin:b fUJ fu\ iIIustmtion, 
CAnnot see how the 8tlCfi>8IIi,-o modiflcatioll! of the an
terior limbs of a 8Upposod prototype could possibly bave 
~n of any advantage. But look 8t tho penguins of 
the Southern Oeeall; have not these bird, their Cront 
limbs in this pJ'(!('i:;o intcmloointe stale of "neither true 
armll nor true wings"? Yet these birds bold their 
place victoriouiJiy in tho battle for tifo; for they erit;t. 
in intlnite numbers and of mBoy kinds. I do not sup
poso that we hero IJl!O the rro1 tmnsitiouRI grade!! 
tbrough which the wings of birds luwo passed; but 
wlmt lp<'Cial difficulty is there in bclill\-illg that it might 
profit the modifk'fl. dC8CCndants of the penguin, fir--t \t) 

become coabled to f1ap along the surface of the sea like 
the loge-rer.hcaded duck, and ultimately to rilJO from i1.$ 
surface and glide through the air? 

I will now givo Q f\lw e:uunplC8 to illustrate the 
foregoing remarks, and to show how liable we afe to 
error in mppo;Dng tLat whole gn::mpfJ of species ba,·o 
suddcnly been produced_ Evcm in IJ() short an inten-al 
as that between the first and second editions of Pktet'a 
great work 011 Pala'Ontology, pnbli~hed in IS I 1,-46 alld 
il\ IS53-5i, the conclusionH Oil tho first appcaranco and 
disnllpearonoo of several groupe: or animals ha,'e beeu 
considerably modified; and a third edition would require 
still further cbanget'_ I may recall the weU-kno1\"Il fact 
that in geological treatises, published not many Y{'8n 
ago, the wholo clllllB of mammrus W8.11 always spoken 
of 811 having abnlptly como ill at tho commencement of 
th!! tertiary &efi~ And now ono of the richest knowlI 
accumulatious of f()!<lli.! mammals, for ita thicknCS8, be-
longs to the middle or the secondary series; and true 
mammals ha1'6 bet>n di8cm-ered ill the new red sand-
8lone at nearly tho commenccment of tbis great seri8. 
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CuviC!r used to urge that no monkey oceurred in any 
tertiary stratum; but now extinct species ha\'e been 
discovered in India, South Americu, and in Europe, as 
far back as the miocene stage. Had it not been for the 
rare accidC!nt of the prescn'ntioJl of footatc!p8 in the new 
red sandstone of the United States, who would 11tH'o 
yentured to suppose that, besides reptiles, 110 less tban 
at least thirty kinds of birds, some of gigantic size, 
existed during that period? Not a fragment of bono 
has been discovered in these beds. Notwithstanding 
that tbe number of joints shown in tbe fossil impressions 
corresrKmds with tbe number in tho several toes oflil'ing 
birds' feet, some authors doubt whether the animals 
which left these impressions wC!re really birds. Until 
quite recently these authors might have maintained, 
and some ha\'e maintained, that the whole class of 
binls came suddenly iuto exi",tence during tJle eocene 
period; but now we know, on the authority of Professor 
Owen, that a bird certainly lived during the deposilioH 
of the upper greensand; and still more recently, that 
strange bird, the Archeopteryx, with a long lizard-like 
tail, bearing a pair of feathers on each joint, and with its 
wings furnished with two free claws, has been discovered 
in the oolitic slates of Solenhofen. IIardly any recent 
(Iisco'\"ery shows more forcibly than this how little we as 
yet kllow of the formcr inhabitants of the world. 

I Ulay give another instance, which, from hMing 
passed under my own eyes, has much struck me. In 
a memoir on Fossil Sessile Cirripedcs, I have stated 
that, from the number of existing and extinct tertiary 
species; from the extraordillary abundance of the indi
viduals of mally species all oyer the world, from the 
Arctic regions to the equator, inhabiting rarious zones 
of depths from the upper tidal limits to 50 fathoms; 
(rom the perfect mallner in which specimens are pre-
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served in the oldest tertiary beds; from tho cnse with 
which even a fmgment of a mlvo enn be recognised; 
from all these ci[,(,lImstanOO'J, I infetTt'd that, had sessile 
cirripedes existed during the secondary periods. they 
would oortainly hm-e been preserved and discovered; 
and os not one sl)edes had tben been disco\'ercd in beds 
of this age, I concluded that lhis g reat group had been 
suddenly developed at tJle commcncemcnt of the tcr· 
tiary 8('ries. This WllB a sore trouble to me, adding as 
1 thought one more instance of the abmpt appeamnce 
of a great group of 8J:lCcies. nut my work had llardly 
been published, when a skilful JXLlreontologist, 1L £OS. 
quet. scnt me a drawing of a perfect spedmcll of an 
llflmistakcable sessile cirri pede, which he had hiIll.8('lf 
utmcted from the chalk of Belgium. And, as if to 
make the case as striking as possible, this sc88ile cirri
pede WM a Chthamnlus, a very common, large, and 
ubiquitolls gellus, of which 1I0t 0110 specimell lms as yet 
been fOllnd ewm ill any tcrtiary stmtmn. lIence wo 
now positively ).:now that sessile cilTipcdesel:isted during 
the secondary period; aud these cirripedes might have 
been tho progenitors of our many tertiary and existing 
species. 

'J'he CRSO most frequently insisted on by palroonto
logists of the apparently sudden appearance of a whole 
gronp of 8J.>ec.ics. is tllRt of the telCQl;teaD fi ... hes. low 
dowu in tho Chnlk period. This group includcs the 
large majority of el:isting species. Lately, l>rofessor 
rictet has carried their existence one sub-stage further 
back; and some pnlroontologists believe that certain 
milch older fishes, of which the affinities nre as yct 
imperfoclly knowll, aro really tc1eostean. Aslruming, 
however, that tbo whole of them did appear, 118 Agassiz 
maiufuills, at the cOl1lmencement of the chalk formation, 
the fnet would certainly be highly remnrkablu; but I 
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cannot see that it would be an insuperable difficulty 
on my theory. unless it could likewise be shown that 
the species of this group appeared suddenly and simul
tancollsly throughout the world at this same period. 
It is almost superfluous to remark that IlaNlly any 
fossil-fish are known from south of the equator; and 
by running through Pictct's PuJreolltology it will be 
seen that very few species aro known from selemI 
formations ill Europe. Some few families of fish now 
bave n. confined range; the telooswan fish might for
merly have had II. similarly confiued range, and after 
having been largely developed in solDe one sea, might 
IJ8\'e spread widely. Nor have wo any right to BUp

pose that the seas of tho world have always been so 
freely open from 80uth to north lUi thoy aro at present. 
Even at this day, if tho Malay Archipelago were con
'-erled into land, the tropical parts of the Indian Ocean 
would form a large and perfretly enclosed basin, in 
which any great group of marino animals might be 
multiplied; and here they would rcmuin confined, Imtil 
some of the spedes became adaptt-'fl to a cooler climate, 
and were enabled to double tIle southern capes of Africa 
or Australia, and thus reach other and distant seas . 

. From thoso and similar considerations, but chiefly 
from our ignoranc(l of tho geology of other countries 
beyond the confines of Europe and the United States; 
and from the revolution in our pnlroontological ideas 
on many points, which the di.scOl'erics (If cven the lust 
dozen reaNl have eflreted, it. seems to me t.o be about 
as msh in us to dogmatize Oil the succession of organic 
Leings throughout the world, na it would be for a natu
ralist to land for five minutes on some olle barren point 
ill Australia, and then to discuss the nnmber and mnge 
of its productions. 

R 3 
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On tnt. tvdden AppMrance of Gt'OUpt oj allied Spuie. 
ill tile lowut known FouiliftrOUl Strata. 

'I'hero i.~ another and allied difficulty. which is much 
more 8Crioull. I allude to tho manner in which numbers 
of spceios of tho same group suddenly Ililpear in tho 
lowest known fossiliferous rooks. ][ost of the arguments 
wili('h htwo ronvillood me that all tho existing species 
of the anme group have descended from ono progenitor. 
apply with nearly equal forco to the earliest known 
spcciee:. For instance, I cannot doubt that all the Si· 
lurian trilobites have descended from some one crus
tacean, which DlUst have lin!(llong before the Silurian 
age, and which probably differed greatly from allY 
known animo!. Some of the most allcient Siluriflll 
Auimals, as tho Nautilus, Lingula, &c., do not dilTer 
muc11 from living species j and it emlilot 011 Illy theory 
to supposed, that these old specic!! wero tllo progenitors 
of all the 'peei€:!! belonging to tho Sflmo group which 
have subsequently appeared, for thoy do 1I0t Pre8Cut 
characters in any degree intermediate between them. 

Conaequcntly, if my theory be true, it is illdisputablt" 
that, before the lowest Silurian stratum was depJSited, 
long periods elapsed, fL!I long as, or probably far longer 
than, the whole inten'al from the Silurian age to the 
proscnt. day; and that. during these "ast, yet. quito 
unknown, periods of time, the world swarmod with 
living crrotUte8. 

'1'0 tho question why we do net find richly fossiliferous 
rocords of these vast primordial periods, 1 can give no 
satisfactory answer. Severnl eminent. geologists, with 
Sir H. l\Jurchi80n at. their head, were until recently 
oonvinced that we beheld in tho organic remaius of tho 
lowest Silurian stratum tho first. dawn of Jjfe on this 
llianet. Other highly competent judges, 113 Lyell and 
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the law E. Forbes, disputed this collC'lu"ion. We should 
lIot forget that ouly a. small portion of the world is 
knowll with accurncy. M. &rrando not long ago added 
allot her nnd lower stage to the $.iJl1rintl system. aboulld
ing with tlOW and peculiar species. HcmnlUits of 8Cyeml 
forms havo been detected in tho Longmynd beds, be
ne-nth Bnrmndo's so-called primordinl 1.one. 'The pre
seneo also of phosphatic nodulcs and bituminoUB matter 
in some of tho lowest azoic rocks, probably indicates 
the form('r ('xi",tenoo of lifo at th{'!!O periods. But now 
within tho last year the great discovery of tbe Eozoon 
in the Laurentian formation of Canada has be<>n made; 
and after reading Dr. Cnrpcutcr's dC8('ription of this 
remarknble fossil, it is impossiblo to fed any doubt 
regarding its organic nature. 'fhero are three great 
!!Cries of strata bencath the Silurinn sYbtetll in Canada, 
in tho lowest of which the EOl'.oon was found; and Sir 
W. Log-nu stntcs that their" united thicknc8.'I may pos
sibly fur surpass that of all tho succc-eding r()C'ks, from 
the base of the palroozoic series to the present time. 
'Ve are thus carried back to a pt'riod 80 far remote, 
that the flppetLmnce of tho BO-ea.lled Primordial fauna 
(of Bnrnmde) may by some bo considered a eompara
tiloely modent ovent." 'rhe Eozoon belongs to the most 
Jowly orgnnisoo of all classes of auimals, but for ita class 
is highly organised; it existed in conntless uumbers, 
and, I\S Dr. Dawson has remarked, ccrWinly preyed on 
other minute organic beings, which must have lived in 
great numbers. ~'horo is also reasoll to beliC\'e tIlat 
at tllis enormously remote period }llanta of some kind 
existed. 'rhus the words above ghocn, whieh I wrote 
in 185;1, and which are almost the samo with those 
ui!ed by Sir W. Logan, have como tnlC. Notwithstanding 
UIC:iO Fc\'ernl facts, the difficulty of 8S8igning any good 
C81ll;O for tho tlUscnce bcncoth the Silurian formatioDB of 
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Ynat piles of strata rich in fosails is very great. If the 
moet ancient beds had been generally wonl away by 
dClludation, or if their fossils had ~n wholly obliterated 
by metamorphic action, '01'0 ought to have found only 
small remnants of tho fonnations next succeeding them 
ill nge, nml these ought to ha\'o existed almost always 
in a metamorphosed COJlflitioll, Hut the descriptions 
which we now JlOMC88 of tho SiJurian deposits oyer im
mellS(} territories in Hussia and in Korth Amerien, do 
not Impport the view, that the older a formation is, the 
more it haB always gutTered the extrCluity of deuudation 
Ilnd metamorphism. 

The case at present must remain inexplieablo; and 
may be truly urged aB a valid argument against the 
\'iews here entertained. 'fo show that it may hereafter 
receive some explanation, I will give tho following 
hYlXlthe;::is. From the nature of the organic remains 
which do not appear to have inhabited Ilfofound depths, 
ill the BOvernl JormntiOlllJ of Europe and of tho United 
States; and from the amouut of sediment, miles iu 
thickness, of which the formations are composed, we 
may infer that from first to last largo islands or tmcts 
of land, whence the sediment was dcri\'ed, occurred in 
the neighbourhood of the exist ing continentB of Europe 
and North America. But we do not kllOW what was 
the state of things in the intervnls bctWC(l1l tho severnl 
successive formatiolls; whether Europe and the United 
States during t1105e intervals existed as dry laud, or as 
a submarine surface ncar land, on which sediment was 
liot deposited, or as tl lo bed of an open n.nd unfathom
aule sea. 

Looking to the existing oceans, which are thrice aa 
extensi\'e as the land, wo BOO them studded with many 
islands; but not one truly oceauic island (with the ex
ception of New Zealand, if this can be called 0. truly 
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OCCftuic i~lond) is as yet known to offord e\'ell a remnant 
of any palll!OZOic or secondary formation. Henoo we 
may perhapfl infer, that. during the pala'Ozoic and 
8fl('()Ddary periods, neither continents nor oontillental 
i~llmd8 existed where Ollr oceans now extend; for had 
Ihoy existed tllere, pala'07.oic and 9OC<ludary formatiolls 
would in all probability ham J.x.cn occlllnuinted from 
k'(limcnL derin~'(1 from their wear and tear; and would 
}18VO been at lenst portially upheaved by the otK'iIlatiolls 
of Im'el, which we may fairly ronclude must luwe inter
vened during the.;c c!lonnousl), lung periods. If then 
we lllay infer anything from tlw"o flld!!, we may infer 
that, where our ocellUS now exteud, oceans have ex
t"llded from the remotest period of "hid. we hllve Ilny 
J't'('()rdj and on the other hand, that wlJ('re continCllts 
now exi .. t, large tmcts of land ho\'o cxi:ttl'tl, ~ubjooted 
110 doubt to greut oseillutiolls of le\'el, silloo the earliest 
f'ilurillll period, 'J'he coloured lllU]l uPIX'lJ{kod to my 
"olumo 011 Cornl neefs, led me to oonchulc that the 
great oceans are still mainly areM of suWdcllce. the 
grt'6t art'hipelagoes &till areas of oeciliatiufUI of Jevel, 
IIml the oontinen18 areas of elevation. nut we have no 
1\.'0,:1011 to &l:il>ume tbat things ba\'{' thus existed from 
the I>cginning of the world, Our contincnts 8C(lm to 
ha\'e been (ormed by a prepondcrBnce, durillg many 
~illation8 of Icn.-I, of the force 9f elevation; bnt may 
Dot the arcaa of Jlrcpondcmnt mo"eUl{:lIt havo changed 
ill the laps6 of ages? At 0. period immeasurably 
Il.ntecedent to the Siinrillil epoch, contjnentll lIlay hil.\'o 
exi~tcd where oceans are now spread out; Ilnd clear 
and open ooco.ns may have cxisted whcre our contillcn18 
now slaml. Norshould we bejustitied ill ll88uming that 
if, for instance, the bed of tbe Pacific Oocan were now 
('\In\'erted i.nto a continellt, we should th~re find acdi
mentary formations in a recognisable condition older 
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thau the Silurian Strohl-, supposing BllCh to Illwe been 
fonnerly deposited; for it might well happen that strata 
which had subsided some miles nearer to the centre of 
the earth, and \I hich bad been pressed on by an enormous 
weight of superincumbent water, might hal'o tmdergone 
far more metmuorphic IlCtion than stratn which have 
always remained netl~r to tho Burface. 'l'ho immense 
areas in some parts of the world, for instance ill South 
Ameri('a, of lIaked metamorphic rocks, which mlt~t ha\'o 
been heated uuder great pressure, have always IIOOmoo 
to me to require some special explanation i and wo 
mny perhaps believe thnt wo 800 in tlleso lnrgo arens, 
the mllny fonuatiolls long nnterier to tho Silurian epoch 
iu a completely metamorphosed but likewise denuded 
condition. 

Tho 8C\"crnl difficulti<'8 hero discussed, namC'\y-that, 
though we find ill our grological formations mally links 
betweeu the species which 1I0W exist and hrwe existed, 
we do not find infinitely uumerous fine trnusitional 
(orms closely joining them all together i-the sudden 
manuer in which severnl whole groups of species first 
alll>oorod in our Eurol>oon formations i-the almost 
entire abi!cnce, as at present known, of formations rich 
in fossils beneath the Silurian strata,-are all un
doubtedly of tho roost serious nature. We see this in 
the fact that tho most eminent palreolltologists, namely 
euvier, .Agassiz, Bammde, Pictet, Falconer, E. }.~orbes, 
&c., und 11.11 om greatest geologists, IlB Lyell, Murchi
son, Sedgwick, &c., huve unanimously, often vehemently, 
maintailled the immutability of species. But it is 
e\'idellt from the recent works of Sir Ch,.rles Lyell that 
he 1I0W almOtit gives np this view i and some other 
great geologists and palreolltologists are much shaken in 
their confidence. I feel how rash it is to diffcr from tIle 
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foregoing authorities, to WI1OIU, with others, we owe 11.11 
our knowledge. '1'h056 who belie\'e timt the geological 
record is in any degree perfect, will undoubtedly at 
ollce reject my theory. }t~or my part, following: out 
Lyell's metaphor, I look at tho nn.turnl geological 
record, ne n. IJistory of the world irnpclfccUy l,ept, and 
writtell hi n. changiug dialect; of this history we posseS<! 
the last volume alone, relating ouly to two or three 
colin tries. Of this volume, only hero and there a short 
chapter has boon preserved; and of each page. only 
here and til!!TC a few lines. Each word of tile slowly. 
cllallging language being morc 01' less ditrorent ill the 
successh'e chapters, may represcut tho forillil of life, 
entombed in our consecutive but widely separated for· 
malians, which falsely appear to have been abruptly 
trn.nsfOl'Dlcd. On this view, the difficultics above dis· 
cusscd are greatly diminislled, or evoll disappear. 
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CHaPTER X. 

On the aIow 1.110.1 I~ive appearanoo of Ilt"W a]>IlCi~ Iheir 
diffffl'lllral~ofchallJre-"f'oIlCi ... onoel .... td<lnott('&PI"
Grull]ll of,pl.<:i<'fl [ollow tht""mt gtIK'flIi mlee in their a1'11('I.r-
11!>Oe alld di.I'IO' ... UOtl ... do lingle Ilx'CiN-On E:ninclion
On IrimultllllOOul chau~..,. in the Conn. of lifo throughout Ihe 
lIurld-On the amllilktl of extinct 'l)O)(:i ... W CllCh other and to 
lh'illg If'oIlCie.-()n the .lale of d<',-el(']HTlellt of ancient (urmll
On tbe ftUOOl'Sion of Ihe.rne tYIII'tI within the -.me atCtItI

!'.umnary of pn;®ill~ and ].ftRIl1 chapur_ 

LET us now 800 whether the Be"era! fucts and rules 
relating to the geological succession of organic beings, 
Letter nccord Ilith tile ('Olllillon ,joll' of tho imlllutabil ity 
of spedes, or with thut of their slow and gradual modi
fieation, through descent and natural seleetioll. 

New speciCiJ ha,-e allpoored "ery alowlr, one after 
81l0tIler, both on the land and ill tIle waters. Lyell haa 
shown that it is han.lly possible to resist the el;denco 
011 this head itl the case of the 8(l1'eral tertiary stages; 
and el-ery year tendS' to fill up tho blunks betwccn 
them, and to. make the perceutage system of lost and 
new fonns more gradual. In BOmo of the most recent 
beds, though undoubtedly of high antiquity if measured 
Ly years, only oue or two species are lost forms. and 
ouly one or two are IICW fonns, IUlI-ing appeared for 
the first time, either locally, or, Il8 far (L9 we know, on 
the faco of tho curtll. Jf we may trnst tho oheen'atiolll! 
of Phil ippi in Sicily, tIle suooessi\"o changes in the marine 

inhllbitalltB of tllat islaud havo been many and most 
gmdunl. 'I'ho secondary formatiOIl/! arc more broken; 
but, aa Bronn hili! tCmarked, neither the appearance 
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nor disnpJ>Camnce of thcir many now cxtinet spedcs 
has been simultanoous in each scpnmte formation . 

• l;IeCies of different gell('ra and clru..!('fl hll.'·c not 
changed ot the srune rate, or in tbe 88me dl'gree. Li 
the older tertiary beds a few lh-ing ~helll1 lIlay still 
be found in tho midst of n llluititude of cxtinet forms. 
Falooller has gircn fl. striking instal\OO of n similnr fl1.('t, 
in an ('xialing crorodile a&;()('iatoo with many strnnge 
lost mammals aud reptiles in tho 8uIJ...llimalayan de
potiits. The Silurian Lingula diffcrs but little from 
the living species of this ~nus; ",11t·reM most of the 
othcr Silurian Molluscs and all the (;mloctnccallS hal-e 
cbanged greatly. The productions of the land 8C('ID to 
change at a quicker mte than th08(' of the f!iCil, of which 
a striking illstnn('(l has latcly oc'f'n oben-cd ill S\\itzer
land, Thcro is some reasoll to bl>lic"c tllf1t organislUs 
ronsidored high in tho scale of llaturc, ehange more 
quickly than those that nro low: though tlu:'ro nrc ex
ccptions to this rule, The nmount of organic change, 
~ Jlict('t llll.l l"l'marked, does not J;trietly corrc!lpond 
lI'"ith the sUCC('60sion of our goolngi4'ftl formations; so 
that between ('acb two (lOnSC('utinl formatiOIl8, too fonns 
of life 1Ia,'0 fJeldom ehanged in exl1.('tiy tho SlIme degree. 
Yet if we compare any but tile most clo~ciy rl'iatcd for
mations, all tllO 81)(!('ics will be fuund to ha,'o undergone 
8OIIlO chauge. When a species hl\8 01100 di"ililpee.red 
from the fllC(l of the earth, we hM'O no rclUlolI to beHeve 
that tho snme idcntical fonn e\'cr reappears.. The 
8tronge8t apparent exccption to thi8 lattcr rule is that 
of the 9O-callcd "colonies" of ]\1. Jllmlnde, which in
trude for a period in the midBt of all older formation, 
and dum allow the pre-exi,;ting fauna to toopJlcm; Lut 
LyeU'. eXJllanution, namely, tL.at it is a case of teml)C)
rary migrotion from a distinct googrnphical Ill'O"inee, 
seems to me 8Iltisfactory, 
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These several facts accord well \\ith my theory. I 
believo in no fixed IMv of development, causing all tl10 
inhabitants of 1\ conn try to change abruptly, or simul
taneonsly, or to an equal degree. The process of Ill()(li· 
fication must be extremely slow. The \'ariability of 
each species is quite independent of that of all others. 
Whether snch variability be taken advantage of by 
natural selection, and whether the variations he accu
mulated to a greater or lesser amount, thus causing a 
grea.tcr or lesser amount of modification in the vary
ing species, depend.!! on many complex contingencies, 
---on the variability being of a beneficial nature, on 
the power of intercrossing and on tho mte of breed
ing, 01\ the slowly changing physical conditions of tho 
country, and more especially on the nature of the other 
inhabitants with which the \'arying species comes into 
competition. Hence it is by no means surprising ihat 
one species should retain the same identical form much 
longer toan others; or, if changing, that it should chnnge 
less. \\·e sec the same fact in googmphical dilltrioution; 
for instilnoo, in the land-shells and coleopterous in~ts 
of Madeira having come to differ considerably from their 
nearest allies on the continent of Europe, wherell8 the 
marino shells and birds have remained unaltered. \\'e 
can perhaps understand the npparently quicker rote of 
change in terrestrial and in more highly organised pro
ductions compared with marine and lower productions, 
by the more complex relations of the higher beings 
to their organic and inorganic conditions of life, 1\.8 

explained in a former chapter. When many of the 
inhabitants of a country have become modified and im
pro\'od, we can understand, on the principle of competi
tion, and on that of the many all-important relations 
of organism to organism, that any form which docs 
not OOeome in some degree modified and improved, 
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will be liable to extermination. lienee we can soo why 
all the species in the same region do at last, if we look 
to wide enough intervals of time, Oecome modified, for 
thoeo Wllieh do Dot change will become extinct. 

lu members of the same class the avcrnge amount of 
clmnge, during long and equal pcriods of time, muy, 
perhaps, bo neady the SfLmc; but /LEI the accumulation 
of long-enduring fossiliferons formatious depends on 
great masses of sediment hll.\·ing boen deposited on areas 
whilst subsiding,'our formations havo Uoon almost neces
sarily accumulated at wide and irregularly intermittent 
intervals of time; consequent1y the amount of organic 
change exhibited by the fossils embedded in consecutive 
formatiollS is not equal. Each formation, on tllis \·iew, 
does not mark a new and complete a('t of creation, but 
only an occasional scene, taken nlmost at bazard, in all 
ever slowly cha.nging dramA. 

' Vo can cloarly \mclorstand why fL species when Ollce 
lost should never reappelll', even if the very same condi
tions of life, organic and inorgnnic, should recur. }~or 
though the offspring of one species might be adapted 
(and no doubt this bllS occurred in inllumerable in
stances) to fill the exnct place of nnother species in the 
economy of lIature, nnd thus supplant it; yet the two 
forms-tho aid and the new-would not be identically 
the same; for both would almost certainly inherit dif
ferent chnmcters from their distinct progcnitol'8. For 
instance, it is just possible, jf ollr fantfiil·pigeons were 
all destroyed, Ulat fnnciers, by stl;ving during 10llg ages 
for the saUle object, might make a new bl'eed harclly 
distinguishable from our present fantail; but if the 
l)(ln,mt took-pigeon were also destroyed, and in nature 
we have every l'Cfk'<01l to belie\'e that the l)(lrent-form 
will genemJly be supplanted and exterminated by its 
impronxl offspring, it is quite incrediblo that n fan-
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tail, identical with the existing breed, could be roised 
from any other specips of pigeon, or 6"cn from tho 
other wcll-<!stablishcd races of the domestic pigeon, fOf 

tho newly-formed fantail would be almost suro to in
herit from its new progenitor SOUle slight cho.r8ctcristic 
differences. 

Groups of species, that is, genera and families, follow 
tho same geneml rulee in their appenmnce and dis
appearance as do s.illglo species, clulIlging more or lClOS 
quickly, and in a greater or lesser degree. A group, 
wIlen it hus ollce di:>alll>eared, nCl'cr fCappears; that is, 
its cxisten('o, as long as it lasts, is continuous. I am 
aware that there arc somo apparent exceptions to this 
rule, but tho exceptions are surprisingly few, so fow that 
E. Forbes, Pictct, and WoodWllnl (though nil strongly 
opposed to such l'iews 8.8 J maintain) admit its truth; 
and tho rulo strictly n.ccoros with my thoory, For Ill! 
all tho spceies of the same group have descended from 
some one species, it is dear that, as long Ill! any species 
of the group b!ll'e been produced, so long must some of 
iw members blLl-e existed, in order to generate either 
tho now and mod ified, or the old and unlllodifiod forms_ 
Species of tbe genus Lingula, for instance, mnst have 
continuously existed in an unbroken 8llecession of gene
rations, from the lowest Silurian stratum to tllC})re8(lnt 
day. 

We illwe seen in the last chapter t11at many species 
of i\ group sometimes falsely appear to hnxe come in 
abruptly ill a body; and I have attempted to gire an 
explanation of this fn.ct, which if true would ha.ve lJeen 
filtal to my views. But BIICh rnses are certaiuly ex
eeptional; the genoral rulo hoillg 0. gmdual increase 
in llumber, till the group reaches its lllaximum, and 
then, sooner or later, it gradually decreases. Ir the 
number of the species of a gellus, or tho number of 
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the genera of n family, bo represented by n ,'ertieal line 
of ,'arying thickness, nscendillg through the successh'c 
geological formations in which the spec.ies are fouud, 
the line will sometimes falsely appear to begin at its 
lower end, not in a sharp point, but abrulltly; it then 
gradnally thickens upwards, often keeping for tI. space 
of equal thickness, and ultimately thins out in tho 
upper beds. marking the decrease and finn! extiuction 
of the species. This gradual increase in the number of 
the species of a group is strictly conformable with my 
theory, for the species of the same genus, and the 
genem of the same family, can inerenso only slowly and 
progressively; the process of modification and the pro
duction of n number of aUied fOrlllB necessarily being a 
slow and gradual process,-one species first giving rise 
to two or three vnrieties, tlle&e being slowly converted 
into spc<'ies, which in their turn produce by equally 
slow steps other varieties and species, and 80 on, like 
the branrhing of a great tree from a single stem, till 
the group beromes large. 

OnE;ctillctWII. 
We have as yet spoken only incidentally of tho dis.

appearance of species and of groups of species. On 
the theory of natural selection the extinction of old 
forms and tho production of new and impro"ed forms are 
intimately conneeted together. 'I'he old notionofall the 
inhabitants of the earth having been swept away by 
catMtrophoB at successive periods is vory generally given 
up, e,'ell by those geologists, as Elie de Beaumont, 
~Illrchison, Barronde, &e., whose general views would 
naturally lead them to this conclusion. On the con
trary, we have every reason to believe, from the study 
of the tertiary formations, that species and groups of 
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species grndually disappear, ono after another, first 
from one spot, then from anoth('r, and filially from the 
world; in some few cases, IlOwevcr, as by the breaking 
of an isthmus and the consequent irruption of a multi· 
tudo of 1l0W inhabitanu, or by the final subsidence or 
an island, the cxtincLion may ha\"e been comparau\"ely 
rapid, l~oth single species and whole groups of species 
last for very unequal periods; some groups, as we Jlaxe 
seen, having endured from tho earliest known dawn of 
life to tho pn:!SCnt day; somo haying disappeared befoN 
tbe close of the pal8XI1.oic period. No: fixed IaIY seems 
to determine tllO length of time during which any 
single species or any singlo gellUS enduNS. 'l'hero is 
reason to belie\'e that the complete extinction of a 
whole group of spocies is genemlly a slower procC&8 
tban t.heir production: if the nppearallce anll disappear. 
ance of a group be represented, WI before, by a vertical 
line of varying thickness, the line is found to taper 
more gradually at its upper end, which marks the 
progress of extenninalion, than at ita lower end, which 
marks tho first appearance and increa9C in numbers of 
tho species. In some cases, however, the extenninatiol\ 
of wbole groups of beings, as of ammonites towards the 
Cl080 of the secondary period, has Oeen wonderfully 
sudden relatiyely to that of most other groupe. 

'fhe whole subject of the extinction of species has 
Oeen iuvo\yoo. in the most gratuitous mystery. Some 
authors have even SUI'posed that, as the individual has 
definite length of life, so have species a definite durn· 
tion. No ono I think can have marvelled wore at the 
extinction of species, t han I hal'e done. When I found 
in La. Plata the tooth of a horse embedded with th~ 
rewaius of Mastodon, l\legatberium, Toxodoll, and otber 
extiuct monsters, whieh all co-existcd with still lidng 
flhells at a very late geological period, I was filled with 
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aatonishm(1l1t; (or, seeing that the horae, since iUi intro
duction by the Spo.niards into SoUUI Americo., has run 
wild o,·er the whole country and baa incretl8ed iu 
numbers at au uUI)8mllcled rate, I a.skod mYlldf what 
coultl 10 recently hue cxtermiwatcd the former 1101118 

nnder ('()urutiona of life apparently lJO fa,·onrablc. But 
how uuerly grouudlc. WAS my &.8toni:,II1I1('IItl Pro
ft.'I)8(Ir Owen soon J'lC"f'('('inxl that ille tooth, though 80 
like illat of the cxi.,tin~ ho"*,, belonged to an extinct 
Ipories. llad this honte been It ill living, but in lOme 
dl"gf'OO mre, no nntumlist would have felt the 1("(I8t sur
prillt' at itl rarity j for rarity i. tile attribute of a \"Il~t 
number of IpeciOl of all c_"" in all CI,'UlilriCL If 
we 8IIk oul'8cln .. why tm. or that ~le("jel i. rare, we 
ant.rcr that aomf'thing it unfa'·oumble in ita ('On,litions 
of life; Lut what that aomething is, we can hardly ever 
tell. On the supposition of the f()£llSil horae still exist
ing na 1\ raro IpeeieR, wo might havo felt CX'rtll in, from 
tho analogy of all othcr mammal", e,·cn of tho 8.low
breNling eh'llhant, and from the history of the natural
;'tion of the dom~tic berM in NKith Aml'ri ..... that 
unl!er more favourable C(luditioJll it .... 00101 in a '.l'ry fc'V 
YeAM! have .locked the whole continent. But we cou1d 
not luw6 told what tho unfavounlblo ronditiOll& wero 
,,·hich ('hc('ked its increase. whcthN IIOmo ono or !!Ove
nl eontingenl'ies, and at whal period or Ihe hof'll(!'S 
lilp, and in what d~, lh,·y severally acted. H 
the (\I..ndition. had ,roue on, howcl·er alowly, bec:-om
rug Il.'!4II and 1<'81 favourable, we 88Iruf'C<lly should not 
114\·0 l:H:rcch·cd tho fnet, yet tho f088il hol"8O would cer
tainly have become rarer and rarer, and finally f'xtine!; 
-iu place being seized on by IIOme more IUcceeBful 
rompetitor. 

It i.t moo difficult ahraYiI to remember that. the 
iDereue or every Ihillg being is collatantly being 
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chcckc<1 by ullpcrccired hostilo agencies; and tbnt 
these same unperceived agencies arc amply sufficient to 
cause rarity. and finally extinctiou. So little is this 
subject understood, that I ha,-c heard surprise repeatedl~' 
cxpre:;sed at such great monsters lI!I the Mastodon and 
the more ancient DillOBnurians baving become extinct; 
EI.S if mere bodily strength gave victory in tho battle 
of life. Mere size, on the contrary, would in some cases 
determine, as has bren remarked by Owen, quicker 
extermination from the grl'ster amount of requisite 
food. Before mUll inhabited India or Africa, some cause 
must have checked the continued increase of the existing 
elephant. A highly capable judgo, Dr. Falooncr, be· 
lieves that it is chiefly insects which, from iUOOS'3ll.utly 
harassing and weakening the elephant in India, check 
ita increase; and tills was Brnce's conclusion with re
sped to the African eleillmnt in Abyssinia.. It is cer
min tllnt insects and blood-sucking bats determine 
the existence of the larger naturalised quadrupeds in 
several parts of S. America. 

We see in many cases ill the more recent tertiury 
formations, that rarity precedes extinction; and we 
know that this has ~n the progress of events with 
those animals which have been exterminated, either 
locally or wholly, through man's agency. I may repeat 
wllat I published in 1845, namely, that to admit tlUlt 
speciCB generally become rare before they become 
extinct-to feel no surprise at the rarity of a species, 
and yet to marvel greatly when the species ceases to 
exist, is much the same aa to admit that sickncss in 
tile illdiridual is the forerunner of death-to feel no 
surprise at sickness, but, when the sick mall dies, to 
wonder and to suspect that he died by some deed of 
,·iolence. 

The theory of natural selection is grounded on the 
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lJclief that cach Ilew variety. and ultimately each new 
species, is produced and maintained by having some 
Ilflmlltage over those with which it comes into compe
tition; and the consequent extinction of the less-fll,"oured 
fomlB almost inevitably follows. It is the SlIme with 
OUt domestic productiolls; whon Il. lJOW rtnd sliglltly 
impl'Ovcd variety 111\8 been ruiscd, it at first gcncmlly 
sllJlplnnta the less improved 1'IIrietics in the same neigh
bourhood; when much impro\'ed it is transported far 
and Ileal', like our short-hom cattle, and takes the place 
of other breeds in other countries. Thus the ftppcnronce 
of new forllls and tbe dil!il.Jlpcnmnce of old forms, both 
those naturally nnd those artificially produced, nre bound 
together. In flourishing groupe. the number of new 
specific forms which have been produced within 0. gil"en 
time hne at some periods probably been greatcr thall 
the number of tllO olel speeific forms wllieh Lave been 
exterminated; but \\'e know that. species II[wO net genu 
011 indefinitely incrensrr;g, Ilt lellst. during the later 
geological ('pochs, 80 that, looking to latcr times, we 
may believe that the production of new forms has 
caused the extinction of about tbe same number of 
old fonns. 

The competition will generally be most. Bevere, Ill! 

formerly explained nnd illustmted by examples, between 
the fOMns which are most like each other in all respects. 
Hence tho improved and modified descendants of a 
species will genemUy cause tIle extermination of tbe 
pnrcnt-species; and if mnny Dew forma have been de
veloped from anyone species, tllo Ilcilrest tlllics of that 
speeiel!, i. e. the species of the same genus, will be the 
most liable to extermination. Thus, as J beliel"e, a 
number or new species descended from olle species, tl18t 
is Il new genus, comes to supplant. nn old genus, belong
illg to the same fnmily. But. it mustoftcll have hnlJpened , 
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that 0. now species belonging to somo ono group will hayo 
lleized on tho place occupied by fl species belonging to 
a distinct group. Rnd thus causo its extermination; 
and if many allied fotmll be developed from the St1CCf!S&

(ul intruder, many will have to yield their Jllaccs; and 
it will generally be allied fOfms, which will Huffer from 
IIOme inherited inferiority ill common. But whether 
it be species belollging to tho same or to a du,tinct 
class. which yield tllcir plQ.OOll to other species which 
II/we been modified and impro,'oo, 0. few of the sufferers 
mnyoften long be ptc..erved, from being fitted to some 
peculiar line of life, or from illlmbiting somo distant and 
i80Inted station, where tIley ho.\'6 escaped 8Cvere compe
tition. For instance, some species of Trigonia, fl. great 
gCllus of shells in tho secondary formations. 8urvi\'C in 
the Anstrnlian IICMj and (1 few members of the great 
and almost ('xtinct group of Gilnoid fishae still inhabit 
our fresh waten. l'hereforo tho uttcr cxtillctiou of II 

group is generally, as we havo seen, a slower }lr()('ess 
tllDJI its Ilroductiou. 

With respect to the appnrently sudden exicnuina
tion of wbole families or orders, as of TrilobitCii at the 
clO8C of the palreozoic period and of Ammonites at 
the close of the secondary period, we must remember 
what has been nlrendy said 011 the probable wido illtcrvnls 
of time betwC(!n onr ooJJ.SeCutive fonuatious; and in these 
illterYals there U1l1y have been much slow extemlinatioll. 
llroreover, wlien, by sudden immigration or by unusually 
rapid development, U1any species of a now group have 
taken pos.;el:iSion of a lle\\' area, these will have exter· 
U1inllted in a correspondingly mllid manner mally of the 
older species j and the (onns which thm yield their 
places will <'Ommoniy be allied. for they will partake of 
tbe same inferiority in common. 

Thus, as it scoms to me, the manner ill which siugle 
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species fLIld whole groupil of sflC('ies become extinct, 
acoorda well witb the theory of natural selection. We 
need not ma"el at extinction; it we mu.rt marrel, let 
ilbo at our own presumption in imagining for i\ momellt 
tbat we understand tile many comllle:r. contingellcietl, 
on which tho existence of each spocies depeuds. JI we 
forget for an instant, that each speeiea tends to illcroose 
inordinately, and that 90me check is always in action, 
yet seldom pcl'C(!ived by u.s, the whole economy of 
nature will be utterly obecured. "'benm'or we can 
precisely sny why thill speciea is more abundant in in
dividuals thall that; why this spcck'S and lIot allother 
can be natumlised in a gi\'en country; thcn, and not 
till then, we Dlay jnstly feel surJ.lri.-e wby we callnot 
account for tbe extinction of any IJarlicular special or 
group of 1JlCCic& 

On til. F<>r1l14 of Lifa changillg ailllOlt .!'multaMnCll!l 
throo[Jlwut tI~ World. 

Scarcely any palroontologit"aI<Wco"cry is more striking 
than the fact, that the fortll8 of Ufo cbange almoei simul· 
tAnroul!.ly throughout the world, 'I11Us om European 
Chalk formation can be recognised in mallY distant 
l)/u18 of the world, under tho most different climate>l, 
where not a fragmcnt of tile mineral cl18lk il.$elf can 
be found; namely, in North America, in equatorial 
South .A.merica, in Tierra del Fuego, at the Cape of 
Good ]Jape, and in the peninsula of India. For at 
thcse distant points, the organic remains in certain 
beds prellCnt an uumistakcable degree or reecmblaucc 
to those of the Cbalk, It ill not that the same species 
are met ~'ith; for in eome CA8C8 not one species i. 
identically the Mme, but they belong to the same 
families, genl:m, Bnd scclions of gencra. and 90mctimes 
are similarly charactcriBOO in such trifling pointe as 
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mere BupcrficiiLl9Culpture. Moreover, other forms, which 
aro lIot found in tho Chalk of Europe, but which occur 
in tho formatioJlS either aheln) or below, are similarly 
placed at tbcso distant points of tho world. 111 the 
sovotal successive p81roozoic formations of Hussill., 
'Vcsterll Europe, and North America, a similar pnrnllcl. 
ism in the ronus of lifo has been observed by S!}vcml 
authors: 80 it is, according to Lyell, with tho 1!C'"crai 
European 8nd North American tertiary deposits. E'-eu 
if tho few f088i1 species which ate common to the Old 
Bnd New " 'orlds be kept whoUy out of view, the gell('

raJ pnratlelism in tho successive forms of life, in tho 
stagcs of the pnlroozoic 811d of the tertiary periods, 
would still 00 manifest, and the Bel'orol formntions could 
be easily correlated. 

'l'hese observations, ho\\'O'\'or, relate fA) the mnriue 
inhabitants of distant parts of the world: wc hrl.\'c not 
sufficient data to judge whethcr tllO productions of tho 
land and of fresh wator chaugo at. diJ:!tant points in the 
Barne paroUel manner. \Ve may doubt whether they 
havo thus changed: if the Mcgnthcriurn. Mylooon, 
Mncrauchenia, and Toxooon hnd been brought to EnrolKl 
from J..u Plntn, without nny information in regard to 
their geological position, no 0110 would havo suspooted 
that they 1100 co-existed witb still living sea-s.heUs; but 
!\!I these nnomalous monsters oo-existed with tile Masto
don and norse, it might at least luwe been inferred 
that they had lived during one of the later tertiary 
stages. 

When the marino forms of lifo are spokon of 88 

having ehnllgG'f1 simultaneously throughout the world. 
it must not be snpposed that this expression relatCil to 
the sarqe thousandth or hundrcd-thousaudtl1 year, or 
even that it has a very strict geological sense; for if 
aU the marine animals which \ivo at the present day in 
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]~urop~, and all tboee that. lived ill Europe during the 
I'ld!!tocene period (an enormously remote period lUI 

weasured by year&, including the whole glacial epoch), 
were to be compared with thot>e now Ih'ing in South 
America. or in Australia. the most skilful no.tnrol i.,t 
would IUl.rdly be o.blo to sny wllcther tho exililing or the 
plcillt.o<.'cllo inho.bitrultsof Europo r('~emblcd most closely 
tho.,o of tbo eouthem hemL;phcre. ~,again, 8e"erol 
highly competent. obt.ervE'1"8 believe that the e1i"ting 
I'rOOu('iiona of the CDited States are more clolldy related 
to thOlle w~ch lin'!(l in Europe during certain later ter
tiary alnges, than to thoee which now Jj,'o hero; and 
if thi. lK' 80, it is e"iJcnt thnt f~ilifcrolUl beds de-
p"·'it.t-'d at the p~lIt day on the Illiorel of Xorth 
.\meri('a would hereafter be liable to be cl~-«I with 
S/'lll(:wlult older EUropooll beds. NeH·rthok>Jl, looking 
to n remotely futuro epocll, theTO ('nil, 1 think, Le little 
donut tlwt all tho more modern marilts formatiolls, 
llallll'ly, the upper pliocene, the pil-iotol'cno and strit'lly 
modern bed,," of Europe, North and South .\mericB, and 
"\u,.tralia, from containing f..-il relllailU in lOme dpgree 
aJli ... I, an.1 from not including th.,., furms which a.re 
only fuund in the older undi:'rlying dt'IJOftitoJ, would be 
CoJrrt'Ctly ronkt'<l as simultaneous ill A gt'Ological sense. 

The fllCt of the forms of lifo changiug ilimultaneously, 
ill tho a\.M.n-e large scuse, at. di...""tant. peorlil of tho world, 
1188 greatly Iltrul'k thtJ1!6 admirable ob8crvel'8, MU. 
de \ 'cnlf.luil and d'Archiac. After referring to tho 
pflrnllclism of tho pnlroozoio forma of lifo ill \'ariou9 
1'1Irtll or Europe, they add, "If, stnlck hy this strango 
l.OI."1uelloc. we tum our attention to North Amcricn, and 
tb,·roe di.:.cover a series of anaIogolL! phl'noon'oa, it will 
81'I'INr ("il·rtain that all UIe&6 modificatiuWl of species, 
their extinction, and the introductiun of IICW ones, can· 
Ilot be owing to mere changta ill mariuo CUITCntll or 
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othcr rouses more or lcss local and tempomry, but de
pend on geneml laws which govern tho whole Rnwlal 
k ingdom," M. 13nrrande lllu~ mndo forcible remarks to 
precisely the sallie effect. It is, indeed, quito futi le to 
look to changes of currents, climate, or othcr physirol 
conditions, as the cause of thcso great mutations in tho 
forlllS of life UU'OUgllOut tho world, under the most dif
ferent climates. " 'e must, 11.8 BlIrnlnde has remarked, 
look to some specinllnw, We shnll see this more clearly 
when we treat of the present distribution of organic 
beings, and find how slight is tho relation ~twecn the 
pllysical couditions of various countries, and the nature 
ofthcir inhabitants. 
Thi~t fact or tlle parallel succession of the fOrIDI'! 

of lifo thronghout the world, is explic.'Ible on the theory 
of natural selection. New specics are formed by lIew 
varieties ariH.ing, which havo some advantage o,'('r 
older forms; and those fonn!!, which aro already domi
nant. or ha\'e some advnntBe<"e o\'cr tho other fonus in 
their own country, would D«tumlly ofienest gil'O rise to 
new varicties or incipient species. We Inn-e distinct 
evidenco on this hcad, in the plant!! which are domi
nant, that is, which are comlUonest and most \videly 
diffused, compared with othor less dominant pillUte, 11~ 
dueing the greatest number of new varieties. It is «Iso 
natural thut the dominant, varying, and fnr-sllreading 
species, which already have illl'aded to II. certain extent. 
the territories of other species. should be tbose which 
wonld havo the best chalice of spreading stil1 further, 
and of gil-ing rise in now oonntries to new varieties fInd 
species. 'fhe proc'C88 of difl'us..ion may often be very 
s.Iow, being dependent on climatnl aud geogmphic«l 
changes, or on stmnge ac<:idents, or 011 the graduill 
acclimatisation of new species to the various climates 
through which they have to }lass, but in the course 
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of time the dominant forms will generally sncceoo in 
spreading. The dilTusion would, it is probable, be 
slower with the terrestrial inhabitante: of distinct conti
nents tluUl with the mnrine inhabitants of the COlltillllOI1S 
sell. We might therefore expect to find, as we appa
rently do find, a less strict degree of parallel succession 
in the productions of the land than of the sen. 

Domillnnt species sprea.ding from any region might 
encounter still more dominant species, and then their 
triumphant coun;e, or eyen tht'ir existence, would cease. 
We know not at aU precisely what are all the conditions 
most fn.voma1Jle for tIle lllultiplicn.tiOIl of n.ny ono new 
lind dominaut species; but we cnn, I think, clen.dy 800 
thnt a number of individuals, £rom siYiog a better chance 
of the appearance of fal'ourable nrintiolls, and that 
S!"er6 oompetition with many already existing forms, 
would be highly favourable, as would be tIle pow(:r of 
spreading into new tCl'1'itories. A cCl'tnill II.n)oullt of 
isolation, recurring at long intermls of time, would 
probably be also faroumble, as before explained. Doe 
quarter of the 'World may hal"e been most fUl"ourable 
for the prodnction of new uud dominant species on the 
laud, and another for those io the wnters of tile sea. 1f 
tll'O great regions had been for a long period favonrably 
cirCUlllJjtilncro in an equal degree, whenever their inba
oitants mot, the battle would be prolonged and 8(were; 
flod some from one birthplace and 80me from the other 
might be l-ictorious. But in the course of time, 1110 
fonns dominant in the highest degree, wbcnwer pro-
duced, would tend everywhere to prevail. 

ThIlS, M it seems to me, the p(lmllcl, und, taken in a. 
large sense, simultanoous, succession of the sallie forms 
(.r life throughout the 'World, accords well witll tbe prin
eiple of new species ha\'ing Leen fomled by dominunt 
species spreading widoly nnd \'orying; t11e now species 
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thus produced being themseh'es dominant, owing to in
heritance Rnd to having already had some admntage 
over their parents or Ofer other spedes, and again 
spreading, varying, and producing other new forms. 
The old forms which are I>roton and which yield their 
places to tl16 now and virtorious forme, will generally 
be Illlied in groups, from inheriting some inferiority in 
common; and therefore, as new and imprO\'ed groups 
spread throughout the world, old groups will disappear 
from the world; and the sucecss.ion of fonns will every
where tend to correspond in their first appearanoo and 
final disappearanoo. 

Thero is oue other remark connected with thi .. sub
ject worth making. I ha,'o given my reRSOllS for be
lioving that moot of our greater formations, rich in 
fossils, were de{XlBitod during periods of subsidence; 
aud that blauk inten'alB of Vfl.8t duration occurred 
during the periods when the bed of the sea was either 
stationary or rising, aud likowise wbell sediment was 
not thrown down quickly enough to ombed and pre
serve organic romains. Dnring these long aud blank 
intervals I suppose that tho inhabitants of each region 
underwent a considerable amount of modification and 
extinction, and that thero was much migration from 
other pnrtB of tho world. As \\'(1 have reason to 
~lie\'o that large areas are affected by the samo move
ment, it is probable that strictly contomporancous for
mations havo often been nccumulated over very wide 
spaces ill tho same quarter of thc world; but we Ilre 
far from having any right to conclude tlmt this has in
variably been tho case, and that largo areas have inva
riably bcenll.ffectOO by the snme movements. When two 
formatiolls have bc€n deJlO8ited in two regious during 
nearly, but IIOt exactly, the samo period, we should 6nd 
iu both, from the causes explained in the foregoing 
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pnrtlgrnphs, the snme general succession in tho fonns of 
life; but the species would llot exactly correspond; for 
there will have been a little more time in tbe one region 
than in the other for modification, extinction, Aud im
migration, 

I suspeot tllnt cnsea of this llntlll'O oocur in Europo. 
Mr. 1!rcetwieh, in his admirable Memoirs on tho eocene 
deposita of England and Frollce, is able to draw n close 
A"eneml parallelism between the successive stages in tbe 
two countric.; but when be compares certain stages 
in Ellgl/ll1d with those in Fmnce, although he finds 
in both fl. curions accordance in the numbers of the 
spe('ies belonging to the same gcn('rn, yet tho species 
themselves differ in n manner very difficult to acooullt 
for considering the proximity of the t..,.o nreas,-nnless 
indeed, it be assumed that an isthmus separated two 
sens inhabited by distinct, but contemllOrtlnoous, faunas. 
]~~'cll has made similar obsel'vntions on Bome of tho 
later tcrlinry formations, Bnrmnde, also, SIIOWS that 
there is n SlriJ..;ng geneml parallelism in the successive 
Silurian deposits of Bohemia and Scandinnyia; never
thele8B he fiuds a surprising amount of difference in 
tho species. If the sc\'ernl fonnations in theBe regions 
llnvo not been deposited during tho snllle cxnct periods, 
-a foriUatiou in one region onen corresponding with 8. 

blank iuten'al in the other,-o.ud if in both regions the 
spociCII hn\'e gone on slowly changing during the accu
mulation of the 8e\'ernl fonUiltions and during the long 
inlcrvJlls of time betwecn them; in this cnse the several 
formations iu the two regions could be arrauged in tbe 
snme order, ill accordance with the genoml succession 
of the fonns of life, aud the order would falscly appear 
to be strictly pamllel; neyerthele8B the species would 
not be all tue snme in the apparently corresponding 
sUiges in the two regions, 
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On til' AJlulI'liu of Edinet Sp«in to each «lin, and ta 
LitingFvrmt. 

I..et l19 now look to tho Inulual affinities of extiuct 
and Ih"ing speci<'fl. 1'hoy all fall into one grand natuml 
system; and thil f8('t is at onoo explained on the prin. 
ciple or descent. The more all("ient aUY form is, the 
more, lUI a general rule, it ditrcra rrom liring forms. 
But, as Buckland long ago remarked, all roesilll can be 
cla8ited either ill nill ex.itlting groups. or between them. 
That the extinct fonnl of life help to fill up the wide 
intcrvals between exi8ting gencrn., families, and ordera, 
cannot be disputed, For if we confino our atleution 
either to the living or to the extinct alone, the scriClll is 
fur less perfect than if we comuwe both into one general 
fl"Yltem. With rc.peet to the verleurata, whole p8get! 
could be filled with 8triking illustration. from Ollr greAt 
]>alroontologist, Owen, showing how extinct animals fall 
ill betweeD existing group!. CUl'icr ranked the Humi· 
nantll and Pilchyderm!l, lUI the two mOlit distinct ordcrs 
of mammam; but Owen has discovered 90 many fO&!il 
links, that he has had to alter the whole c1nssi6rotion 
or these two ordcn!; and has placed certain pachydenn.s 
in the 88mo 8uh-onlcr with nuninan18: for exalllple, he 
dill80lves by fine gra<lntiOl18 the allparently wide differ
enoo betweeu the pig and tho camel. In regard to the 
Invertebrata, Bnrrande, and a higher authority could 
not be named, &S8crts Ulat be is every day taught UUlt, 
although palreozoic animal8 can certainly be cll\llsed 
under existing groups, yet that at thi/! ancient period 
tbcee groups were not 80 distinctly seJXlratOO. from each 
Dlher atI they are at the preeent. time, 

Some writel'S hal'e objected to any extinct 8peeiClll or 
group or 8peeiee being considered as intermediate ~ 
tween living species or groups. If by thi8 term it u 
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meant that nil extinct fonn is directly intermediate in 
all it.& characters between two Ih'ing forlll8, the objec
tion iJ nlid. But I apprehend that in " perfectly 
natural c1l\8i1ificatiOD many f088il speci(llJ would have to 
etand between li"ing species, and BOwe extinct genem. 
between living genera, even lx>tween genera belonging 
to distinct families. The mOlit common Mao, espe
dally with ro8]>eI't to ,'cry distinct groups. suc.h a8 fish 
and reptiletl, seems to be, that, supposing them to be 
di.tingll~hNl at the present day from each other by a. 
dozpn chanll'ters, tllG ancient membcra of the same two 
groupe would bo distinguished by a somewhat leS8<'r 
number of characters, so that the two groups, though 
fonnerly quite di!Stinct, at that period made some small 
allproach to each other, 

It is a common belief that the more anCK-llt a form 
i~, by 80 milch tll0 more it tends to connect by 8OIllO of 
its characters groupa IlOW widely separated from each 
other, Thill remark 110 doubt must be restricted to 
those groups which ham undergone much chan~e in 
the course of geological ages; and it would be diRku" 
to prove tho truth of tho proposition. for every now and 
thcu e,'cII a lj"ing auimal, as tllo L:>pidOl!iren, is di!
covered having afliniti(llJ directed towards very {listinct 
groI1P~. Yet if 1'10 (.'Ompare the older BelltilCil 8ud 
llatrachians, the older Fillh, tho older CephalopodA, and 
the eocene Mammals, l\ith the more recent members of 
tho IIlune cl888e8, we mlJljt admit that there is 80me truth 
in the remark. 

J~et U8 see how fur tllCse 8C"cml facts alld infeTOIlCCfl 
a<'Cord with tho theory ofdcsccnt with modification. .As 
tho suhject. is eomewhat complex, I must teqUCSlt the 
reader to tum to the diagram in tJlO fourth chaptcr, 
We may 8UJlJXl8O that the numbered leltcrtl represent 
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genera, 8ud the dotted line8 di"erging from them 
tho 8pecies in each genus. '1'le diagram is much too 
8imple, too few genera and too fcw 8pecies being 
gi"en, but thia i8 unimportant for U8. The horizontal 
Iine8 may reprt'llCnt fJUcce;si,'o geological fonnations. 
and nit the fOflIUl beneath the nppeMn08t line may 
be considered Q8 extinct. TIlo tlu'(!C existing genera, 
aI', q", pll, will form a Rmall family; 610 alld f' a 
cJOI'C-ly allied fumily or sub-family; and 010, ell, ",II, a 
third fllmily. The.e three familie!l, together with tho 
DlBlly extinct genera on the Mveral 1ines of dC&C('nt 
diverging from tho pnrent-form (A), will form nn order ; 
fur nil will haye inhcriWd somcthing in common 
from their ancient and common progenitor. On the 
priUciJllo of the oontioned tendt'ncy to dh'ergellco of 
character, wliirh '11'1\8 formerly illustrated by this dia
gram, the more recent any form is, the more it .... iJ1 
gell{'rally difTer from its ancient progt'uitor. HCII('() wo 
('8n understand tho rule that tho most ancient fOlltlila 
differ most from eJ[iJrting forms. Wo must not, how
eyer, llS3l\me that dh'ergence of character is a nCC(!8SIlry 
contingency; it depends solely on the dcscen<iallu from 
a species being lll\l~ enabled to aeize on many and dif· 
ferent 1)18.OO!I in tho economy of nature. Therefore it 
is qnite JXl8Siblc, as we hll.\"e ICCn in the ease of somo 
Silurian fonns, thnt a specice might go on being Rlightly 
m()(iified in relation to its slightly a1tcred conditions of 
life, and yet ret4in throughout a vast period the 88me 
gelleml eharacteristies. This is represented in the dia
gnl1l1 by the letter 1/'''. 

AU the many fonnl!, extinct and rocont, descended 
from (A). make, M before remarked, ono order; and 
thi.oJ order, from the continued e ffects of extinction and 
di\'ergenceof character, haa becomo divided into IIOveral 
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sub-families and familie8, 801M of which are 8\lpp06ed 
to have peris.hed at different periods. and SOlliO to ha,"e 
endured to tbe present day. 

By lookiog at the diagmm ., .. e can see that if mOllY 
of tho extinct forms, supposed to be embedded in the 
6ucecesi,'o formatiolls, were discovered at 80ycml points 
low down in the series, the tbl'(!(! cxi~ting famili08 on the 
uppermost line would be rendered less distinct from each 
other. If, for instAuce, the gt'uem 0', aS, a".F. 1I~,1M', m', 
were disinterred, th('f!O three famili~ would be 80 clOllCly 
linked togethf'r thAt they probably would hu,'o to be 
ll11itcd into ono great family, ill nearly tho SlImo manlier 
as hlUl occurred with ruminants 811d certAin pachyderms.. 
Yet he who objected to ('811 the extinct genem which 
thu8 linked the Ih-ing gt'ncr8. of three families together, 
intermediate in charncter, would be jU:!tificd, as thcy 
are intenncdiatc, Ilot directly, but only by a long flUd 
circuitous course through many \\idcly dilTcrent forms. 
If many extinct form8 were to be discoycred aoo'"o one 
of the middle horizontal linC8 or geological formatioll! 
-for instAnce, al)()\"e Ko. YI.-but uone from beneath 
this line, then only two of the families (thoso on tho 
lef't. hond, a", &c., and bl ., &e.) would ha'"e to be united 
into ono; ami there would remain two families, which 
would be less distinct from each other tlmn they were 
before the diilcm"ery of the f~i1s. So again, if the 
three families fonned. of eight genera (a.lt to mIt), on the 
uppermost lille, be 8Uppoeed to differ from C8C:h otller 
by half a dozen important chamctel'8, theu tho families 
wl,ich e.,'(isted at the period warked VI. would certllwly 
11a\'e differed from each other by a lCll8 number of eha
radel'S; for they would at th.ia early stage of descent 
ha'"o d.i,"e~l in 8 1C&8 degree from their common 1)1"0-
genitor. '11m!! it comes that allcient and extinct genera 
are often ill some slight degree intennoointo iu eLa-
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racter between their modified dcscendants, or between 
their collat€ral relations. 

In nature tho Cl1B6 will be far more complicated than 
is represented in the diagram; for the groups will ha,'C 
been more numeroufI, they will have endured for ex
tremely unequal lengths of lime, and will have been 
modified in various degrees. .As we pos8Css only the last 
volume of the geological record, and that ill a ,'ery broken 
condition, we have no right to expect, excel)" in "cry 
rore cases, to fill up the wide inten'als in the natuml 
system, and thus Ilnite distinct familiftl or orders. All 
that we ha\'e 1\ right to expect, is that those groups, 
which have within known geologiC'al periods undergone 
much modification, should in the older formations make 
some slight approach to eaeh other; so that the older 
members should differ less from each other in some of 
their characters than do ·the existing members of the 
same groups; and this by the concurrent evidence of 
our best palaxllltologim seems frequently to be the ,..,. 

'11mB, on the Iheory of descent with modification, tile 
main facli! with ret,lpect to the mntunl affinities of the 
extinct fomls of life to cach other and 10 living forms, 
acem to me explnilled ill a satisfactory manner. And 
they arc wholly inexplicable Oil any other yiew. 

On this same tllOOty, it is evident that the fauna of 
any great period in the earth's history will be inter
mediate in geneml character between that which pre
cedod and thnt which succeeded it. 'l'hus the species 
which lived at the sixth great stage of descent in the 
din.gram are tllO modified offspring of those which li,'ed 
nt the fifih stnge, and are the pareni8 of those wltich 
became siilJ more modified at the scventh stage; hence 
they could hardly fnil to be neatl y intermediate in 
clmmctcr between the forms of life aooye and below. 
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\\TO must, howc~er, aUow (or tho entire extinction of 
some preceding fonns, IUId in anyone region for tho 
immigrntion of new fonns from other regions, and for" 
large amount of modification, during tbe long and blank 
intervale between the sUCCC8Si~e fonnations. Subject to 
these allowances, tllo falUla of each geological period 
undoubtedly is iutennedi.lte iu ehnm.cter, between tho 
Jlreoeding and suct"C«ling faunflS,. I need gi,-e only one 
instanC<', namely, the maun ... .r in which tIle r(le<.~ils of tll6 
Do,-onian system, when this sYl:itelll WaH first diBcow!red, 
were at onco recognised by ])alreontologi .. ts lUI inter
mediRte in chRmcter between those of the ovcrlyiug 
carooniferous, and Imderlying Siluriau sY6tcm. But 
cneh fauna is not necessarily exactly intennediate, as 
unequal intcn-a1s of time ha'-e elap;:eJ between con
scenti,-e fonnatioll8. 

It is no real objection to the trnth of the statement 
that tIle fauna of each period a$ a wholo is nearly 
intermediate in chamcter between the pret'('ding and 
succeeding faunas. that certain genera offer c.J:C<'ptions 
to the nile. For m..tancc, mastodons aud elephants, 
wben arranged by Dr. Falconer in two IlI'ries, first 
according to their mutual affinities and then according 
to their periods of existencc, do not necord in ammge
ment. The species extremc in chnrocter are not the 
oldet>"t or the most recent; nor are thoee which are 
intermediate in cbanM'lC.r, intermediate in age; But 
l'upposing (or Il.Il inatant, in this and other such cases, 
that the record of the first nppearance and disallJlCamuoo 
of the species was perfect, we havo no reMOn to belic\'c 
that forms succesai"ely produced ncce8Sll.rily endure (or 
corresponding lengths of time; a "cry ancient fonn 
might occasionally last mu('b longer than a fonn else
where subiequclltly produced, especially in the case 
of terrestrial productions inllabiting 8Cparated districts. 
'1'0 compare small things with great: if the principal 
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!i\-illg and extinct NlCCS of the domestic pigeon were 
nrmnged as well as they could be in serial affinity. this 
arrangement. would not clOflciy accord with the oruer in 
tillle of their production, and stilt less with the order of 
their disappearance j for the pnre;lt rock-Iligeoll now 
1i\'c8; and many vnrieties between the rock-pigeon and 
the carrier llO.vc become extinct; and carriers which arc 
extreme in the important ebnractcr of length of beak 
originated earlier than short·beaked tumblers, which are 
at the oPIXl6ite cnd of the series ill this respect. 

Closely COllnccted with the statement, that the or
gnniu remains from un intermodinte formation nrc ill 

some degree intermediate ill ehnmctcr, is the fact, 
insisted 011 by all pahoontologislB, thnt fossils from two 
consecutive formations are far marc closely related to 
each other, than are the fossils from two remote forma
tions. Pictet gives as a well-known instance, the 
general resemblanoo of the organic reUlains from the 
scn~ral stages of tile Chalk formation, though the species 
are distinct in eneh stage. This fact alone, from its 
generality, seems to hM-e shaken Professor Pietct in his 
firm belief in the immutnbility of species. Ho who is 
acquninted with the distribution of existing species O\-er 
the globe, will not attempt to account for the close 
resemblance of the distinct. species in closely consecutive 
formatioUB, by tho physical conditions of the ancient. 
afOOS ba\'ing remained nearly tho same. Let it be 
remembered that the forms of life, at least. those in
habiting tho sca, ha\'e chullged almost simultaneously 
throughout the world, and therefore under the most 
different climates and conditions. Consider the pro
digious viciiioSitudes of climate during the pleistoccue 
period, which includes the whole glacial period, and 
note how littlo tho specific fonns of the inhabitants of 
the sea IlUye been affected. 

On the theory of dcscen~, the full meaning of the 
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£~t of fossil rcmaUl!l from closely consccuU\'e forma
tions, though ranked lUI distinct species, being closely 
related, is obvious. As the accumulation of each for
mation has onen been interrupted, nnd as long bln.nk 
intervals ulL\'e intervened betwcen su(.'Cessive fonnatiolls, 
wo ought )lot to expect to find, n.a I attempted to SllOW 
in the last cimpter, in anyone or in any two formations 
all the intermediate mrieties between the species which 
appeared at the commencement and c1080 of these 
periods; but we ought to find after intervals, n~ry long 
us measured by yeurs, but only modcrotely long lIB 

mensllroo geologically, closely allied forms, or, lIB they 
have been called by some authors, reIJre8entativespeciee:; 
and these assuredly we do find. We find, in short, lruch 
e,·idence of the slow and ecnrccly sensible mullition of 
specifie forms, as we have Il. just right to expect. 

On tll/J Stal/J of .Dc~'ewpment of Ancient compared willi 
LMflgFvrnu. 

We IUl've .seen in the fourth chnpkr that the degree 
of dilTercntiation and specialisation of Ole ports in all 
organic beings, when Rrri"e<1 at maturity, is the best 
standard, as yet suggested, of their degree of perfection 
or highness. We bMe also seen that, as the special
i...ation of parte and organs is an advantage to each 
being, 60 nntuml selection will tend to render tile or
ganisilLion of eneh being more specialised (lnd perfect, 
(lnd in lllis 8ellse ilighcr; not but tllO.t iL mny and will 
len.vo many crealures with simple aud ullimpl'ovcd struc
tures fitted for simple conditiOIlB of life, and in some 
C8SC:8 will even degmde or simplify tho organisation, yet 
leaving lrueh degraded beings better fitted for their new 
'walks or life. 1 n another and more geneml manner, ncw 
species will 1>ccomG superior to their predeccssors; for 

© The Comolete Work of Charles Darwin Online 



402 STATE OF DEVELOPMENT OF CHU.X. 

they will in the struggle for life have to bent all the 
older forms with which they come into clOBe competi. 
tion. 'Ve may therefore conclude tbat if lUldera nearly 
similar climate the eocene inhabitants of the world could 
be put into competition with our existing inhabitants, 
the former would be beaten and exterminated, as would 
a secondary fauna by an eocene, and a palreozoic fauna 
by a secondary fauna. So that by tllis fundamentill 
test of "icrory ill the battle for life, as well IlB by the 
standard of the specialisation of orgallJJ, modem fonus 
ought on the theory of Ilatural selection to stand higher 
than ancient forms. Is this the case ? A large majority 
of pnlreontologist8 would certainly answer in tbe affirm
ative j but in my jlldgment I canuot, after hM'ing read 
the discussions on tbis subject by Lyell, Bronll, and 
Hooker, look at this conclusion as fully proved, thongh 
highly probable. 

It is no "alid objection to this cOllClnsion or to the 
general belief that sJX'Cies in the conrse of time change, 
that certain Brachiopods have been but slightly modified 
from an extremely remote geological perio<i, although 
no explanation can be given of this fact. It is not an 
insuperable difficulty that Foraminifera have not pro
gressed in organisation, us insisted on by Dr. Carpenter, 
since that most ancient of aU epochs the Laurentian 
formation or Canada; for some organisms would haye 
to remain fitted for simple conditions of life, and what 
better for this end than these lowly organised Protozoa? 
It is no greut difficulty that fresh-water shells, as P ro
fessor Phillips lU18 remarked, havo remained almost 
unaltered from tho time when they first appeared to the 
IJrescnt day; but in this case we ean see that these 
shells will ha,·o been subjected. to less se,'ere competition 
tilan the molluscs which inhabit the far more cxtensh'e 
area of tho sea with its innumerable inhabitants. Sneh 
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ObjcetiOD8 lUI the aUoYo would be fatal to any view 
which included advance in organisation as a DecetI88ry 

contingenl 'fbey would be fatal to my 'fie'" if Fora
minifera. for instance, could be pro1'ed to have first 
come into existence during the Ln.urclltion epoch, or 
Brachiopod.s during the lower Silurinn formations; for 
if thi, were pron)(I, there wonld not have been time 
sufficient for the development of these organism, up to 
tbe standard which tbey had then reached. When once 
ad1'aneed up to any gl'feD point, there is no nccC6Sity 
on tho theory of Datuml selection for their further con
ti nued progrCS!l; though they will, during each HucceS/!.ivo 
age, hove to be slightly modified, 80 as to bold their 
plaC('tl in relation to their eball~ng rondiliOnlJ of life. 
All fJUt'h objections hinge on the question wlit'ther we 
ha1'e any sufficient knowledge of the autiquity of the 
world and of tho periods whcll tIle mnou! forms of lifo 
flrst appeared; and tJlis mny Ue boldly disJlutt'd. 

'fhe problem whether organisolion 011 the whole haa 
adx81lced is ill mallY W8)"B exceMively intnrate. The 
geological reconl, a' all times imperf.'Ci. dOOll not extend 
far enough back, aa I beliefe, to show with uumiatake
able clearneS8 that within the known hi:story of the 
world organisation hlUl largely ndvaneed. E ven at the 
1)I'CSCllt day, looking to members of the same cJlU!8, 
naturalista are not unaWmoU! ,,-hich forms are to be 
ranked aa highest: thua, IIOme look a\ the selaceana or 
sharks, from their approach in IJOme importtlllt. points of 
Itru<."tUN) to reptilcs, 118 the highest flsh; others look 
at the tel(!(lllteaDII IllI tIle highest. 'l'he gtmoids stand 
intermediate between the se1aecans and 1.(!IOOIteana; 
the latter at the preacnt day are largely preponderant 
in Dumber; bUL formerly selaceans and ganoids alOllt' 
existed; and in this case, aceonling to the standard of 
highncS8 chosen, flO will it bo snitl thnt flshcs hllre 
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ndnmccd or retrograded in organi .... ation. To attempt 
to compare ill the scale of highnCS8 members of distinct 
types seems bopelC88: who will decide ",·bether a Cllttle.. 
fish be higher than a bee-that insect wbieh tho great 
Von Baer believed to be "ill fl\('t more highly organised 
tbM a fish, although npon another typo"? In the 
complex struggle for life it is quito erodiblo tbnt cruJ;ta
cron!!, nol l'ery high in their own class, migllt beat 
CC)lha)OpodS, the highest mollu8C!l; and such crusta
CCans, though 110t highly developed, would stand Yery 
Iligli in the lK'ale of im-ertebmto animals if judged by 
tho most dccisi\'o of nil trials-the law of battle. Be
sidCfl these inhel"{'ut difficulties in deciding which forms 
aro tho most a<h-anced in organisation, we ought not 
solely to <'OmpRro the highest members of fI, c11\88 nt 
nny two dkstant periods-though undonbtedly this is 
ono and perhaps tho most important clement ill striking 
a halallco-but we ought to comparo all tllO nlC'lllbers, 
high and low, !"It tho two periods. At an !"Illcient epoch 
the highcst and lowest mollllbCS, namely, Ct!pbaiopoos 
and bmchiopods, swarmed ill numbers: at tho pn::scnt 
time both these orders lllwe been greatly reduced, 
whereas other orders, intcrmediato in gradc of orgnni
!IiItion, ha\"e boen largely increlL.!icll; consequently somo 
natumlists ha"e maintained that mollUilCli were formerly 
more highly develolK!d than at present; bnt a stronger 
cose can be made out on tho other side, by considering 
tllo \"ast reduction at tho present day of the lowest 
mo]luSC1I, lIIoro CS}lCCially as tile exisling cephalopods, 
though so few in lI11llli>cr, arc more highly orgnnised 
than their allcient represcntati\'(~ We ought alllO to 
collsider the reiati,'c proportional numbers of the high 
and low c11l8bC8 ill the population of the world at any 
two period9: if, for in9tance, at the present day there 
Ue fifty thoul!Il.nd kinds of vertebrnte animals, and if 
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we knew that ot 80me former )(>riod olily ten thoulIBlld 
kiOOs had existed, we ought. to look at thia in(,re&!le in 
Ilumber of the biglK!llt cia., which impliee a gn'ftt dis
placement of lower fonn", ... d('('iciLod ath'anee in the 
organisation of the world, whether the higher or the 
lower vertebmto had thus 11Ifl.,'1!ly inc.rea8(od, We ct\1l 

thus &CO how hopele91ly difficult it will oppor<'ntly for 
e~er 00 to t.'Omp&re ~'ith ~rf ... d. famle-, wld.,r mch 
extte.ml'ly compll'x relAtiullI\ the standard of Olpllliaa
tion of tho imperfl"<."t1y-l.:no""ll faUllM of 8ueccssire 
periods of tbe earth's hilltory. 

We sho'!l oPllrcc.ioto un.ler 0110 iWI)Qrt"llt point of 
'Tiew this difficulty tho more c1t:arly, by looking to tIle 
ca..~ of certain existing faunaa and ftoras. From tile 
e:rt.r.ordinary mAnntlr in "'hi("b Enrof""An productiom 
hue I'OOImtlyspreed over New Zea.la.nd,and hAve lI('iV'd 
on pJONl8 whic.h mUlit 11,,\'e bw>u pn::\' iuusly OC('u)lied, 
wo must bclio\'c, th"t if nil tho Ollimols Illld plnnts of 
Great Britain were I(-t free ill New ~'8IiUld, in tho 
('''Unte of time a multitu,le of llritidb funnl would be
rome t1}Orou~b11 oaturaliz..-d there, aOO wouJd l'xter
minate many of the nativ..... On tb., other hllnd, from 
the progrese of this di8plflO('ment ill New Z,·alalld, and 
from hnrdlya single inhobitaut of tbe 80utllem hemi· 
~phero having becomo wild in any part of Europe, we 
Inay well doubt, if all tho produ("tions or X ew ZMlland 
were eet free in Great Britaw. _hMber any t.'Onsiderable 
number would be enabled to eeize on places now Ol'Cupied 
I,y our nath'e plolJU alld animals. Under thil point of 
~iew, tho productions of Great Britain moy be .aid to 
be hi~ber tban thoeo of Sew Zealalld. Yet the mO"t 
.kiifnllUl.turali"t front all examination of the '1"~'iOil of 
the two oountriCl could not 118\'e fQre8O(lIl thit teflulL 

AgtUIIIlz insists that ancient animal.t rc.cmble to a 
certAin extent tho embryos of recent animal. of the 
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same classes; or that tho geologicoJ sliccession of ex
tinct (onus is in !!Orne degree parallel with the embryo
logical development of recent fonus. I must follow 
Pictet Bnd lluxJey in thinking that the tn1th of this 
doctriue is far from proved. Yet I fully expect to soo 
it hereafter confirmed, at least in regan! to Bubordinnto 
groups which have branched ofT from each other within 
compllratin!ly recent times. For this doctrine of Agassiz 
!I.CCOrdB admirably well with the theory of natural selec
tion. In a futuro chapter I shall attempt to show that 
tho adult differs from ita embryo, owing to vuriations 
supervening at a not early age, Ilnd being inherited at 
a corresponding age. This process, whilst it leaves the 
embryo almost unaltered, continually adds, in the course 
of successive generatiollB, more and more difference to 
tho adult. 

'fhus the embryo comes to be left as a sort of picture, 
preserved by nature, of the ancicnt and less modified 
condition of each animal. This view may be true, and 
yet it may nevcr be capable of full proof. Seeing, for 
instance, that tbe oldest known mammals, reptiles, and 
fish strictly belong to tbeir own proper classes, though 
somo of the8C old forms are in a slight degree less dis.. 
tinct from each other than arc the typical members of 
tbe same groups at the present day, it would be YRin to 
look for animals having the common embryological 
character of tho Ycrtcbmta, until beds rich in fossils 
are discovered far beneatb the lowest Silurian stmtum 
-a discovery of which the chanco is small. 

On the Succeuion oj tlu lame Typu witltb, the lanu Area8, 
during the later tertiar!l periodI. 

Mr. Clift many years ago showed that the fossil 
mammals from the Australian Ciwes were closely allied 
to the lh'illg marsupials of that continent. In South 
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Americn, II. siwilnr relntionship iB mll.nifCllt, ev(!n to all 
unedul'I1ted eye, in the gigantic piecos of armour, like 
th~ of the annadiUo, found in 8el'eral J)IU'{;J of r. 
Illata ; and Profe&8Qr Owen has 800W11 in th~ mOlt 
!:itriking mallner that most of the fOSt!.iI mammalll, buried 
there iu such IllllnOerfJ, are related to South American 
t)l>efl. This relatiollship is Cl'cn morn clearly seeD in 
the wonderful ooUedion of r.,..,.n bones made by llli. 
Lund and C!BU*n in the ean~. of Brazil. I W88 80 

tllul"h impre.!d with the:.e fa('(iI that I strongly insisted, 
in 1830 and 184.5, 011 this fI law of the fmcccssion of 
typclI,"-Qn "this womlcrful relationship in the 8.(Ime 
continent betw~n the d<'Rd and the lh·ing." llrofClSlfOr 
Owen IIIl8 sul.equentlyexteuded the same genemlisa
tion to the mammals of the Old World. We eec the 
Nme law in this author's I'CfltoratiOlls or the extinct and 
gigantic· birds of Now Zealand. We 8C6 it also ill the 
birds of tho caves of ilr(lzil. Ur. Woodll'nrd Iins sholl'lI 
thnt the samo law holds good with sea-shells, but, from 
til" ,ride d~lribution of mOfit genera of mollQ8('!l, it ill 
not well d.1illlayed by them. Other C&8C8 could be 
a<ld • ..J, as the relation between the extinct an(1 Ii'dllg 
itlnd-;;IH·lIs of Mndeira; Bnd between the e.,'l::tinct and 
lil'ing hrockish-water shelIs-of tho Anllo-Caspinu Sen. 

Now what does thii n:msrkable LuI" of the 8UCCC8-

~l[I or the same typee 'I'ithin the .. me areas mee.n ? 
He would be a bold man, who, after coml)(U'ing the p~ 
... 'nt climate of ..lWitraUa Bnd of IMlrti or SonUI America 
under the same Inti tude, would nttcmpt to account, 011 

tht> ono hand, by dissimilar pllysicul conditions, for the 
d~imilarity of tho inhabitants of thC8e two contincnt.e, 
and, on the other haud, by similarity or conditions, for 
the unironnity of the .me type;! in each during the 
lAter tertiary l)Crioda. Nor can it be preteoded that it 
is all immuto.ble law that IlInrfJupinia should hnH! boon 
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dlietlyor solely produced in Australia; or that Edell
tata and other American types should have lJff'1I 
8OIe1y produced ill Bouth America, For we kuow that 
Europe in ancient times was peopled by numerous mar
supials; and I IUl:ve shown in the publiCfl.tions above 
alluded to, that in America the law of distribution of 
terreRtrial mammals was formerly diffl.'f('nt from what 
it now is, Korth America fonlll.'riy partook strongly 
of the present character of the southern half of tl10 con
tinent; and the southern half was formerly more closely 
allied, thau it is fit present, to the 110rlhern half. In a 
e.imilar manner we know, from FalCOller aud Cautle,,'s 
disco,'eries. that northern India WIUI formerly more 
closely related in iu. mammals to .Africa than it is at 
the present time, Analogous fad!! could be gi"en in 
relation to tho di"tribution of marino animal!:!, 

On the theory of desccnt with modification, tIle great 
law of the long cnduring. but not. immutable. succession 
of the same tYPefJ within the samo areM, is at onco 
explained; for tho inhabitant! of each quarter of the 
world will ob\"iously tend to lea"o ill ihat quarter, 
during the next succeeding period of time, closely 
allied though in sorno d{'groe modified descendants, If 
tho inhabitant! of one contincnt furmerly differed 
greatly from those of another continent, eo will their 
modified descendants still differ in IIparlv the fame 
mauner and degree, But after ,'cry long 'intervals of 
time and aner great geographical changeR, permitting 
much inter-migration, the feebler will yield to the 
more dominant fonns, and there will 00 nothing illl
lllutllble in tl10 laws of past and preS{'lIt distribution, 

It may be askod in ridicule, whether I suppose that 
tho megntherium ami oilIer allied huge mOlbters han~ 
left behind them in South America, the sloth, armadillo, 
and anteater, 1\8 their degenerato deecelldants. This 
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cannot for an instant be admitted. These hugo ani
mals havo J...ecome wholly extinet, lind have left no pro
geny. .But in the co.H~ of Brazil, there are many 
extinct species which ure closely allied in size and in 
other characters to the species still living in South 
All1ericI~; nnd some of these fOl!8ils lllay Illwe beon tho 
actunl p"ogellitol"S of tho living speci08. It must not 
be forgotten that, on my tlloory, all tho species of the 
Silffie genus ate the descendants of 80lne ono species; 
80 that, if six genera, each having eight species, be found 
in one geological formntion, and in n. succeeding forma
tion there be six other allied or represclltath'o genCl'l\ 
with the same number of species, then we may con
dude that gcnernlly only one species of pach of tlJe 
older genera hIlS left modified descendants, which con
"titute the severnl species of the new g~llcrn; the other 
sevell species of each of tho old genera ha"jng died 
out and left 110 pregeny. 01', and thia probubly would 
be n fat cemmoner CasC!, twe er three species of only 
Iwe or throe of the six elder gellera wiU hS"e been the 
pal'('nts of the new genera; the other old species and the 
other old ",hole genera ha\'mg become utterly extinct. 
In failing ordcrs, w~th the genera and species decreasing 
in lIumbers. os. apparently is the ca8(l of the Edcnlatn 
of SoUtll America, still fewer genera. and species will 
leal'e modified blood-descendants, 

Summar!! of tlte preceding and pre8ent Ohapter. 
J have nUempted to show thnt the gcologicnl !'eeord is 

extremely imperfect; tha~ only a sillall pertien ef tlle 
globe hAs been geologically explored. with care; that 
only certain ehwCil of orgauic beillgtllun·e beeu largely 
l)n:.;cn-ed in a f088il state; that the number both ef 
specimens snd ef species, preserved in eur museums, is 
absolutely as nething colU}JIlrf(l with tile iucalculable 

T 
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nUlllber of gcneratious which must have passed away 
even dnring ~ siugle formation; that, owing to sub
sidence being almOl:lt necessary for the acculllulation of 
deposits rich in fossils and thick enough to resist future 
degradation, cnormous intermls of time ba'\"o elapsed 
between 1lI0000t of our 8uccessiye fonnatioll8; tbat thero 
has probably ~n more extinction during the periods 
of subsidence, and more Yariation during tho periods of 
elevation, and during the laUer tho record will havo 
been lel\.:j~ })!"rfectly kept; tllll.t each single fonna
tion has not ~n continuously del)OSitod; that the 
duration of each fonnatioll i3, probably, sbort compared 
with tho a\"(>rt\go duration of specific fonns; that mi
gration has ])layed nn important port in the first appear
ance of ncw fornls ill any olle area and formation; that 
widely Tlillgillg species are thOBO wilich IlIl.vo mried 
most frequently, nnd hn,'o oftenest gh-en rise to IICW 

8pe{'ies; that yarieties haye at firlit been local; and 
lastly, although ('arh species must ha\'c paBSCd through 
Ilumerow trnnsitional sta~, it is ]lrobuble that the 
periods, during which each underwent modification, 
tllOUgh muny and long as measured by years, have been 
short in comparillOn with the IlCriods, during which each 
remaincd in all unchanged condition. ,These causes, 
takell colljointly, will to a large extent explain why
though we do find mnny linke between the species o( 
the same group-we do not find intenninable mricties, 
connecting together all extinct and existing forms by 
the fincst graduatcd steps. It should also be constantly 
borne in mind that any linking mrietics between two or 
more form~, which might be found, would be ranked, 
unless the \l"llOle chain could be perfectly l'i$torro, os so 
many new aud di!:itinct species; for it is not pretended 
that we have any sure criterion by which species and 
varieties can be discriminated. 
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lIe who rejects these views on the imperfection of the 
geological record, will rightly reject my ..... hole theory. 
1.o~or he may Il8k in vaill ..... here are the numberle88 
transitional links "bieb must fonnerly ha\'e connccted 
the closely allied or reprcscntati\'o ~pecics, fOlllld in the 
rruccessivo stoges of tho snme great formation? He 
may disbelievo ill tho enormOllS illteryals of time which 
ha\'o elapsed between our consccuti\'e fonnatiolls; be 
may oycrlook how important a. part migmtion must 
have playoo., when the formations of anyone great 
region alone, lUI tllnt of Europe, are considered; he mny 
1I1-g0 the nppaf'(>ut., but often fulsely nppnrent, sudden 
roming in of whole groups of species. He may ask 
wllere arc the remains of those infinitely Ilumerous 
orgnni~ms which Illwt have existed long before the 
first bed of tho Silurian splem was deposited? W 0 now 
know that animals, and Ilrobably plonts, lived at an 
epoch immenscly remote, long anterior to the primordial 
zone of tho Silurian system, butl can answer the above 
question only by suppooing that ..... here our oceans now 
extend tile), hM'e extended for an enormous period, and 
where our eecillatillg continents now sl/lIld they ha\'c 
stood since the commencement of tho Silurian epoch; 
but that, long before that period, the world prescnted a 
widely different aspect; and that the older continents, 
fonned of formatiOIlS oldcr tban any known to us, exist 
now ollly D.8 remnants in a metamorpbO&C<i condition, 
or lie wholly buried under tho ocean, 

Passing from these difiieulties, the other great lead
ing facts in pnlroontology seem to me simply to follow 
on tho thcory of d('8('()nt with modification through 
natuml se-i('CtiOll, " -0 can thus understand how it is 
tbat now speeK-s come iu slowly and successively; how 
speeies of different classes do not necessarily change 
together, or at tbe snme mte, or in tho same degree; 
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yet in tJlO long run that aU undergo modification to 
901110 extent. The extinction of old forms is tho almOflt 
inevitable consequence of the production of DOW ConnA. 
We can understand why when a species liM 0111'0 

disappeared it never reappears. Groups of species 
increase in numbers slowly, and enduro for unequal 
period! of timo; {or tho pfOCC88 of modification is 
lIoccssarily slow, Bud depends on mnny complex cou
tingencies. Tho dominant gpooiCfJ of the larger domi
nant groups tend to leave mnny modified doaccndantA, 
and thus now sub-groups and groupe aM fonnoo. As 
these aro fonned, the species of tho less vigorous 
groups. from their inferiority inherited from a ('OIllIllQIl 

progenitor, tend to become extinct together, and to 
Ic.,-a no modified offspring on the face of the earth. 
Hut the utter extinction of a whole group of 8(X'Cic~ 
haa 80IllctimCfl boon a slow Procesf,l. from tho snn'ival o( 
R (ow de:scelH\nntll, lingering in protccted and i"Olnted 
lIituation&. When a group h9.B onC'e wholly disallpearc<i, 
it. does not reappf'I\r; (or tho link o( generation has 
been broken. 

We can un<iel'ltand how the spreading of the domi
nant (ormll o( lire, which are th086 that otlenest ,'ary, 
will in tho long run tend to pooplo tho world with 
allied, but modified, descendants; and these will !;CuC'
rally succeed ill taking the 11IllCCII of those groups o( 
lIpeeies which are their inft:riol'l in the strup:gle (or 
('xisten('('. Honet', an.er long intcnais of time, the 
productions o( the world will al11)('ar to have changed 
bimultanoously, 

We call uuderstand how it is that all the (anne o( 
lifo, anciont aud raceut, make together one groud 
system; (or all are connected by genomtion. We can 
undel'ltand, (rom tho continued tenden('y to dh'ergenoe 
o( diameter, why tho more ancient a (orm is, the more 
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it generally ditTers from UlOse now living; why ancient 
mId exunct forms often tend to fiJI up gaps between 
existing forms, someumes blending two groups previ_ 
ously classed flsdislinct into one; but more commonly 
only bringing them a little closer together. 'j'he more 
anc.ient a fonn is, the more oftcn, apparently, it dis
plays chnmcters in soille degree intermediate between 
groups now distinct; for the more allcient a form is, 
the more nearly it will be related to, and consequently 
resemble, the common llrogenitor of groups, since be
come widely divergent. Extinct forms (LTe seldom 
directly intermediate between esisting forms; but are 
intennediate only by a long and circuitous course 
through mauy other extinct and different fonns. We 
call clearly see why the organic remains of closely con
secutive formatiOIlS are more closely alliod to ench 
other, than are thosc of remote formations; for the 
forms are more closcly lillked togethcl' by generation: 
we can clearly seo why the remaius of an wtermediate 
formation are intermediate in character. 

The inhabitants of each fruccessh'e period in the 
world's history must h8.\'e beaten their prcdCce!iSOTS in 
the rn.ce for life, and fire, iu 80 far, higher in tile scale 
of uature, and llwir structure will generally have be
come more specialiscd; and this may n.ccount for that 
ill-defined yet common sentiment, felt by many 1>al8!on
tologists, that orglUlisation on the wbole has progressed 
If it should hereafter be proved that ancient animals 
resemble to a certain extent the embryos of more 
recent animals of the same class, the fact will be in
telligible. The succession of the same types of struc
tnro within the same areas during the Inler geological 
periods ceases to be mysterious, and is simply explained 
by inheritance. 

If then the geological record be flS imperfect as I 
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belio,'c it to be, Rlld it may at least be asserted that 
the f'(;C()rd call1lot he proved to he much more perfect, 
tho main objections to the theory of nutllral selection 
are greatly diminished or disappear. On the other 
hand, all the chief laws of pallOOlltol~y plainly pro
claim, as it seems to me, that species 1111\'0 been pro
duced by ordinary generation: old forms haying beeu 
supplnnted by now nnd improved forms orUCe, produced 
by the law8 of variation still acting round U9, and llfe
son"cd by Nutuml Selection. 
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CHAPTER XI. 

O~R.t.rIllC&L DUlTB[BI;T10~. 

l:>rretnt diAtributi"n cnH~"t Joe JIC('Ounlt'd fur I,y dilf''''IIOO11 in phy
.i~1 oonditi"n ... -It"I .. J11aM1 or buri,·n-.\ffiuity of th~ pro
dll(:liollB of thll .. lIle c<>utiu"nt----{it'll1m1 .. f cn'flti"n-lI~n. 
of dio:(Jcnall,y chan~ .. vf clinlll~ aud vf th~ IHl'i (If Il,e hUll], 
ami by ooc:a..io'UlI IUI'fIIP-Dit.I"n.aJ. during tho Glacial perio.l 
Ct!-(!xtffi>li"c..-it!Lthe ... ·otld. 

b oollsic1crlog tlw dj,.tribution of o~llic lxoiogs ovcr 
the face of the globe, the first grrot fn('t whi('h strikes 
us i .. , that neither the t!imilnrity nor the dk~imilarity 
of the inhabitants or mrious regiolls can be n('('ountcd 
for by the!} c:Jimntnl nud oth('r physical ('(lllditioll~ Of 
late, almost c \'ery author who bns studied the subject 
hIlS come to this colI('iWlion. 'fhe case of _\meriClL 
alone would almost suffice to prO\'e itil truth: for if we 
exclude the llortlll'fU pam wbcre the cin'umpolar land 
is almost continuous, all authon ngree that olle or the 
most fundnmental divi",ion9 in gcogrnphi('nl distribu
tion is thllt between tho New and Old "'orlds; Yet 
if we travel O\'er the \·nst American contincnt, fl~1ll 
tile central parts of the Cnited Statcs to itil extreme 
aouUlem point, we lIlel't with the most di\'ersified con
ditions; the lIl08t humid districts, Arid deeem, lofty 
mountains, grassy plains, forests, manilcs, lakes, And 
great ri\'('TS, under aLmOl>t every temperature. 'l'here is 
hardly (l. climate or condition in the Old World wbieh 
cannot he paralleled in the New-nt least as closely 
aa the 8Ilme speci~ generally require; for it iB a mOO 
rare case to find a group of orgnniBmfJ CQnfiuro to auy 
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smalillpot, having conditions peculiar in only A. slight 
dcgree; for instance, small areas in the Old World can 
be pointed out hotter than any in the New World, y<'t • 
thCllO are not inhabited by a )('CnJiar fauna or flora. 
Notwithstanding tbiB parallellilm in the conditions of 
tho Old and New Worlds, how widely different are 
their living IlrOOuctiollsl 

In the IlOnthf'nl hemisphere, if we compare large tracts 
of land in .\u.slralia, South Africa, and western South 
.\meri('n, between lalihldcs 2;}0 and 35°, we shall find 
para extremely similar in all their conditiollB, yet it 
would 1I0t be possible to point out three faunll8and Ilol'88 
more utterly dissimilar. Or again, wo may compnte 
tlw Jlrocluctioll9 or &uth America &OUUl of lat. 35° with 
thOfle north of 2;,)0, which consequently are IICparatetl by 
a Sl'a08 of tcn degree. of latitnde and live under a oon· 
siderably different climate, yet they sre incompRmbly 
Illore closely related to efLCh other thnn thcy"nro to the 
pnxiuotio1l8 of Austmlia or Africa under nearly tbe lame 
climate. Analogous fll.Cts conld be gil'en with l"CIIllCCt 
to the inhabitants or the sea. 

A IOOOnd great fact which strik61 WI in eur general 
review is, that barriers ef any kind, er obiJtaclCtl to free 
migration, are related in a close and important manner 
to tlto differellOOB betwccn tho IlroductioDlI of various 
regiOIlL We see tlti. in the great difference of nearly 
all the terrestrial productiorul of the Now and Old 
Worlds, excepting in the northern parts, where the 
land alm08t joins, and wbere, under a slightly differ
ent climate, there might have been froo migration for 
tho northern temperate forma, 81 there noW' is for the 
Itriotl1 arctic produ('tiolli. We see the Mille fact in 
tho great difference between the inhabitant.! of AUIJ
tralia, Africa, and South America under the &arne lati· 
tude: for these conntriee are aimOEIt. as much isolated 
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rrom each other 88 is poesible. On eRch continent, 
alHO, we ace tbe 8Ilme fuet; for on tho oJlposito sides 
or lofty and contillllOO8 mountain-ranget'. and of great 
deserts, and 80mctimCfJ even of large rivers, we fiud dif
ferent prodUCtiOO8; though as mountaill-chains, dcsertB, 
&c., are not 88 impassable, or likely to ha\'e endured 
80 long, as the oceans separnting cootinenta, tho dilTer
enOO8 are very inferior in degree to tl108e characteristio 
of distinct continent8. 

Turning to Ule !Ca, we find tho 8Ilmo law. No two 
Dlarine faunas are more distiurt, with hardly a fisb, 
shell, or crab in common, tlmn th080 of tho eA.!lU>rn and 
we8tem shores of South and Central America; yet 
these great raUDas are IJCparated only by tho narrow, 
but im):l8,ssable, isthmus of Panama. Weatward of tho 
ehol'('8 o( Ameriefl, a wide spnea of open ocean extends, 
\Iith not an island as a ho.lttbg-plnoo for emigrnntll; 
hero we have II. barrier of another kind, RlId as 800n RS 
this is passed we mcct in the enst~rll islnnda o( tho 
Pacific ,,"ith another and totally distinct fauna. So 
that here throe mariuo faunas range far north"'ard and 
lOulhward, in parallel lines Dot far (rom each other, 
under correspondiug climates; bllt from ~ing sepa
rated from each other by impa&;able oorrierB, either 
of land or opeu sea, they are wholly dilltinct. On the 
other hand, proceeding .till farther westward from the 
eastern islands of tho tropieal pam ol the Pacific, 1\"0 
encounter no imp88S8ble Larriers, and wo ha\'e innu
merablo islands afI ha1ting-pl8CC8, or continuous 000JIts, 
lIutil after trfl.\"eUing over a hemisphere we como to the 
shores of Africa; Dnd over this n8t space wo moet with 
no well-defined. and distinct marine fIJ,Ull.88. Allllough 
hardly 0110 shell, crab, or fi.lSh ill common to tho al)(we
named. threcapproximate faulllUI of Eastern and Wcatem 
America and the eastern Pacific wands, yet many fish 
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range from the nlcilic into the Indian Ocean, and mnny 
flhells are common to the el,stern islands of the r acilic 
and the elL8wru shores of Africn, on almost exactly 
opposite meridians of longitude. 

A third great facl, partly included iu the foregoing 
statemcnts, ill lhe affinity of the productions of the 
IRme continent or sea. tbough tile spedes themseh'ea 
nre distinct at different points and statious. It is a 
law of the widC8t generality, and every continent offers 
innumerable iUIUlncCfl. Nevertheless the naturalist, ill 
tra"elIillg, for iIlSUlIlOO, from north to 8Outh, never fails 
to be struck by tho manner ill which suroossinl groups 
of beings, specifically distinct, yet clearly related, re
place each other. no hears from dOlely allied, yet 
distinct kinds of bi.rds, notes nearly similar, and 8CC!J 

their nests similarly constructe-I, but not quito alike, 
with eggs coloured in nearly the same manner. 'l'he 
plnins ncar 1110 Strnils of )Jngelhm aro irlhabitcd by one 
trpecics of Hhca (American 08trich), and northward tbe 
plliins of La PI,lln by another speeiee of the Si'lme 
genus; and not by a true ostrich or emu, like tboee 
found in Africa and Atl!tmlia under the IRme latitude. 
On these 8Ilme plains of La Plata, we sec the agouti 
ond bizcacha, animols lun-ing nearly tIle same habits 
III our harcs and mbbils and belonging to the same 
ordcr or UodClltl, but they plainly display on American 
type of structure. We ascend tile lofty peaks of tho 
Cordillera, and we find an alpine species of bizcacha; 
we look to tbe waters, and we do not find the beavcr or 
ullt:!.k-rnt, but Ihe coypu 1\nd capybara. rodenls of the 
American type. Innumerable other instances conld be 
givcn. If we look to tho islands off the American 
IIhora, however much they may difTer in geological 
stnlctnre, the inhabitants. though ilu:!y wily be all pecu· 
liar species, are C88Cntinlly American. We may look 
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bock to plllIt ab"('R, as shown ill the last cl18pter, and we 
find American tYll('8 then proml(,Dt on the _\m('rican 
rontinent and iu the Am,·ri('O.D leas. " -e . ..oM in theM 
rada 60me dt .. ·p organic hond, I'remiling throngbout 
~pa('(land tim!', over the &"Ime o.rros or Innd and water, 
and independellt of their I)hy~ieal conditiOIl.!'. Tho 
lIatumli .. t. must feel littlo eurioeity, who is IIOt led to 
inquire what. thiB ooll,1 ~ 

This .... md, on my theory, ill simply inheritall<"e, that 
cauSo.' which 1k10llf', M fill" IW we positi\'ely know, pro
duce8 orgnni:;me quite lik<', or, as we 800 in the case 
of mrietics, n<,arly like each olher. Tho dill~illli l arjty 

of the inhabitant. of dilrcn'nt N'g"ions may 00 attributed 
to modi6calion throu~b natural.·}(-,·tion, an,\ in a qnite 
IUbordinate degree to the diNt't inilul'll('6 of different 
physical conditiOlls. 'Che d"gree of di.-imilarity will 
d"pend on the lIligmtion of the more dominant fonna of 
life from ono region into Another ha"ing been effected 
with more or lett etl8C, 0.1 periods more or It· rt'lfl()te;
ou the Ilature aD.1 numlx:r of tile fonner immigrants; 
--tmd on tlwir actiun and reaction, in Ull'ir mutual 
ItrugglCl for life i-the relation of organiflu toorgallism 
bl.'iug, as 1 have all'l.'ady oftell remarked, the 1Il000t im
portAl}t or "II relations, Thus the high imJl0rtance 
of oorriers COIllCl into play by checkillg migration; a/J 

dOOll time for the .s1ow proce. of modiHcatiun through 
natural seloctioo. Widely-ranging spe<>iee, abounding 
in indi,·iduals. whicb ha\-e already triunlllh{'(1 O\'er many 
oompetitof"iJ in thtir OW)1 widt'ly·exlell(k..J iaomCII, will 
have the beet cbanoo of aei1.ing on new pJ8('t'lI, when 
lhl'Y spread into lIew COUlltrit'R. in their II('W homel 
they v!ill be exro-J. to new conditiona, and wiU fre
qUf'lltly undergo further modifirntioD and impron'mellt; 
and thm they will become st ill further "ictorious, and 
will llroduce groupe: of modified dcsci'ndanUi. On this 



420 OEOORArruCAL D1STRIBUTIOY. CUAP. XI. 

prineiple of inheritance with nlodiflcation, we can under
stand how it is that sections of genera, whole gencra, 
and even families, are confined to the same areas, as is 
80 commonly and notoriollsly the CfiSC. 

I believe, as was rcmarked in the last dlapter, ill 110 

law of necessary development. Ail the vnrinbilityof each 
species is an independent property, and will be taken 
Mlvantnge of by natural sclection, only flO far as it profits 
the individual in its complex stnlggle for life, !IO the 
degn.>e of modification in different species will be no 
uniform quantity. If a number of specie8, after having 
long competOO with each other in their old home, were 
to migrate in a body into a new and afterwards isolated 
country, they would be little liable to modification; for 
neither migration nor isolation in themS(!lvCl! can do 
anything. '!hese principles come into piny only by 
bringing organisms into now relations with each other, 
and in a lesser degree with the 811rrounding physical 
conditions. Ail we have soon in tho last chapter tbat 
flOme forms have retained neArly the Mme character 
from an enormou.s1yremote geological period, flO certain 
species have migrated over Vll8t 8paces, and have not 
become greatly or at all modified. 

On these views, it is obvious that the several 8peciC8 
of the Mmo genus, though inhabiting the most distant 
quarters of the world, must originally have procooded 
from the same source, as they have dCl!Cended from 
the 8Il.me progenitor. In the case of those species, 
which have undergone duriug whole geological periods 
but little modification, thcre is not much difficulty in 
believing that they may hnvo migrated from tho same 
region; for during tho vast geographical and ciimatnl 
changes which will havo supervened 8ince ancient timcs, 
almost any amount of migration is possible. But in 
many othcr CI18CS, in which we have re8!lOD to believe 
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that the species of " genus hM'e been produced within 
comparati\'ely recent time!!, there is great difficulty on 
this head. It is also ob\'ious that the indi\'iduals of the 
same species, though now inhabiting distant and isolated 
regions, must haxe proceeded from olle spot, where their 
parents were first produced: for, 0.8 explained in the last 
chapter, it is incredible that individuals identically the 
&arne should hM'e been produced through natural selec
tion from parents specifically distinct. 

Sing14. Omil'u of ,"~d Oreation.-We are thus 
l)rought to the question which has heen largely dis
ct.'l8ed by naturalists, namely, whethel' specie8 ha\'o 
heeL. created at one or more points of tho earth's 8urface. 
UndOllbte<Uy there are many caseR of extreme difficulty 
in understanding bow the same species could possibly 
have migrated from some oue point to the several 
distant flUC) isolated poiuu, where now found. Never
tbelCB8 the simplicity of the view that each species was 
first. produced within 0. single region captivates tIle mind. 
He who rejects it, rejectB the t~ra caUIlt1 of ordill8ry 
generation with subsequent migration, and calls in the 
a.:,«ency of a miracle. It is universally admitted, that 
ill m08t cases the area inhabited by a spcciC!l is COII
tiuuous j and whell a plant or o.nimal inhabit8 two 
points so dh;tant from each other, or with au interval of 
such a nature, that the space could not be easily passe<l 
oyer by migration, the fact is given as fIOmelhing re
markable and exceptional. The capacity of migrating 
across tbe sea is more distinctly Jjmited in terrestrial 
mammals, tlum perhaps in ally other organic beings; 
and, accordingly, we find no inexplicable cnSC8 of the 
8I1me mammal inhabiting distant points of the world. 
No geologist will f(!(!1 any dilliculty in such cases as 
Great Britain haying been formerly united to Europe, 
and consequently po8SCssing the snme quadrupods. But 

cTh k f hrls lin 



422 OEOGRAPHICAL DISTRIBUTION. 

if the 8tl.me speciCl! can be produced. Ilt two separate 
points, why do wo not find it. single IlIllmmaL common 
to Europe and AIIstmlia or South .\.mericit.? The con
ditions of life are Ilearly the same,80 that. a multitude 
of .Europe·an animals and plants IUl\'o ~'ome Ilaturalised 
in Amerim and Australia; and somtl of the aboriginal 
plants are identically tho same at these distant points 
of the northern and southern hemisphofCfI? The an
swer, as I beliel'e, is, that mammals have not been able 
to migrate, wherellll some plants, from their varied 
means of dispcl'8lll, ha\'e migrated IlCI'088 tho mst and 
broken intersplL('o. 'fho great and striking influence 
which barriers of overy kind havo had on distribution, 
ie intelligiblo ouly on tho ,.-jew that the ~at. majority 
of ~ies have I>co<-n produced on one side alone, and 
llRVO not been able to migrate to the other side. Some 
few fumilies, many 8ub-fo.milies, yery muny genera, and 
a still greater IHIIll\x>r of seetions of genera, are confined 
to a single region; aud it has been obscrnxl by so\'eral 
naturalists, that the most natural geuera, or th~ genera 
ill which tho spe·ei('8 are most elosely related to each 
otber, are generally confined to tho I>Umo country, or if 
they haye 1\ wido range that their range is continuons. 
What a strange nnomnly it would be if a direetlyopposite 
rulo were to pro\'liil, when we go down ono step lower in 
the !!Cries, namely, to tho individual80f the SlImo species, 
and these had not. been, at ICtlSt at first, coufined to 
aome one region! 

Henoo it 8O('ms to me, lUI it has to many other 
Ili\turalist8, that tho "iew of caeh speci('fl baving boon 
produced in ono arel\. alone, and having subsequently 
migrated from that area as far ns itil powel'8 of migration 
and snbsistence under past and present conditions per
mitted, is the mo~t prolmb!e. l.:ndoubtedly many easel 
occur, in which wo ~nnot explain how the same species 
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could ha,·o 1>nSSCd from one point to tho olllcr. But 
the googmphical and c1imatal changes,. which have 
certainly occurred within f'e('('nt goologiea.l times, muat 
hflVC interrupted or rendered dilSC'OutiuuollS the funuf'rly 
eoutinuous ronge of many sl}('('ies. So that we are to

ducc<l to consider whcther tho exceptiolls to continuity 
of range are 80 numctOUlJ and of 80 gm,-e 0. nature, 
that we onght to give nl) the belief, renden.od probable 
by geneml considerations, that eaeb speciell bus been 
produced within one area, aod has migrated thence &8 

far as it ooulcl. It would be hopclCIISly tcdious to 
discuss 0.11 tho oxceptionn1 cascs of tho snmo specic", 
now living at distant and scpo.mted points; nor do I 
for a moment pretend that aoy explanation could be 
offered of many such CIUM'S. But after IIOme preliminary 
remark8, J will di.;clli\d a few of the mo:;t striking c1a&;e11 
of facts; namely, the existence of the same I!pocies on 
the summits of distant mountaiu-ranges, Ilnd at di:stant 
points in the arctio and antarctic regions; and 8C('(luclly 
(ill the following chapter), the whledistrihution orfreah
wfltcr productioUB; and thinlly, the OCt't1fTt:lu'e of the 
I8me te~trin1 speciet on islands aud on the mainland. 
though sepamk<d by hnndreds of milCfl of open &'a. If 
tho existence of tho same speciCfl at distant and il!Olatcd 
points of the earth's !lurface, ean in many illldances be 
explained on the ,-iew of each species ha'"ing migrated 
from a single Liirlbplaoo; then, oonsidering our ignor
ance with respect to fonner climatal and geogrnphical 
chunges nnd vnrioU! occlUlionol menns of tmn91>ort, the 
belier that this hM been the uuiversallnw, IlCCms to me 
inoompo.raLly the saf<.'Bt. 

III di8clWing this subject, we shall be enabled at the 
I8me time to consider a point equally important for U8, 

namely, whether the 86'-eral dilitinf't ~(X'CiC8 of a b'Cnus,. 
which on my theory have all ul'IlC(!udocl from a common 

I W Ii< f I ~ rwin nli 



424 GEOORAPIIICAL DISTRIDUTIOS", CH.lI'. Xl. 

progenitor, can have migrated (nndergoing modification 
during some part of their migration) from the aleD 
inhabited by tllCir progcnitor. If it can be shown to 
be almost ilwariably the ease, thnt a region, of which 
most of its inhabitants are closely related to, or belong 
to tho sarno genera. with, the species of a second region, 
hag prooobly received at some former period immigrants 
from this other region, my thoory will be strengthened j 
for we cun clearly nnderstand, on the principle of modi
fication, why the inhabitants of a region should be 
related to those of another region, whence it hag been 
stocked. A yoleanic island, for instance, upheaved and 
formed at the distance of a few hundreds of miles from 
a oontinent, would prooohly receiye from it in the oourse 
of time a few oolonists, and tlleir descendants, though 
modified, would still be plainly related by inheritDllce to 
the inhabitants of that continent.. Cages of this nature 
are common, find fire, ag we shall hereafter more fully 
see, inexplicablo on the theory of independent creation. 
'l'his view of the relation of species in one region to 
those in another, docs not differ much (by Bubstituting 
the word variety for species) from that lately advanced 
in an ingel!.ious paper by Mr, Wallace, in which he 
oonc1udes that" every species has oome into existence 
ooincident both in space and time with a prfHlxistillg 
closely allied species." And 1 now know from corre
spondence, that this ooincidence he atfributes to gene
ration with modification. 

The provious remarks on " single and multiple ccntres 
of oreation " do not directly bear on another allied ques
tion,-namely, whether all the individuals of tbe same 
species h/l\'e descended from a single pair, or single 
}H~·rmaphrodite, or whetber, ag BOrne authors suppose, 
from many individuals simultaneously created. With 
organic beings which never intercross (if such exist), 
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each species, on my theory, must havo dcscended from 
II. sueccsaion of improved varieties, which can never 
have blended with other individuals or varieties, but 
",ill have supplanted each other; so that, at each suc
cessive stage of modillcation and improvement, all the 
individuals of each variety will have descended from 
a single parent. But in the great majority of cases, 
namely, with all organisms \\hich babitunlly IInite for 
eReh birth, or which often intercross, I believe that 
during the slow process of modification the individuals 
of the species will have been kept Marly uniform by 
illtercrossillg j so that many individums will have gone 
on simnltaneously changing, and the whole amount of 
modification will not llll\"~ been due, at each stage, to 
descent from a single parent. To ilImitrate wbat I 
mean: our English rac~borses differ from the borses 
of every oUler breed; bnt they do not owo their supe
riority nnd ditreronce to desnent from nny single llUil', 
but to continued care in selecting and training many 
individualg during each generation. 

Defore discnssing the three classes of facts, which I 
have selected as IJre8Cntillg the greatest amount. of diffi
cult yon the theory of "single CClitres of· croation," I 
lHust BUY 0. few \Vol·ds on tl10 means of dispersul. 

Mean, of Dnper,al. 
Sir C. Lyell and other authors have ably treated this 

subject. I can give here only the hriefest abstract of 
the more important facts. Change of climate must. 
Imve had a powerful in/luence 011 migration: a region 
when its climate was different may have been 0. high 
rood for migration, but now be impassable; I shall, 
however, IJresenUy ha.ve to discuss this bmnch of the 
Bubjeet. in somo detail. Changes of le\'cl in the land 
must also ha.ve been highly illHucntial: a narrow isthmus 
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now scparatcs two marine faunns; submerge it, or let 
it formerly have been submerged, and the two faunns 
will now blend or Illay formerly have blended: where 
the sea now extends, land may at a fOfmer period have 
connected islands or poss.ibly even contincnts togethcr, 
and thus have allowed terrestrial productions to pass 
from one t.o the other. No geologist will dispute that 
great mutations ofleve! have occurred within the period 
of exi.:lting organisms. Edward :Foroos insisted that all 
the islands in the Atlantio must recently have been 
connected with Europe or Africa, and Europe likewise 
with America. Other authors have thus hypothetically 
bridged O\'cr cw!ry ocean, and hM6 unit(l(i almost every 
island to some mainland. If l'llde<!d tbe argumcl\ts used 
by ForOO9 are to be tru.-;ted, it must be Il.Ilmitted that 
scarcely a single island exists which hM not recently 
boon united to some colltiuent. This view cuts the 
Gordian knot of the dispersal of the same species to tile 
Illost distaut points, find removes Illany a <limeulty; but 
to the best of my judgment we tire not authorized in 
admitting sllch enormous geographical changcs within 
the period of existing species. It seems to me tbat we 
have abundant evidence of great oscillatiolls of leyel in 
our continents; but not of such \"nst changes ill their 
position and extension, ns to have united them within 
the recent period to eaeh other and to the sc,"eral inter
vening oceanic i~lands. I freely admit tbo former ex
istence or many islands, now buried beneath the sea, 
which may have served as halting-plnces fOf Illnnts 
and ror mnny animals during their migration. 10 tho 
coral-producing oceans such siluken islands are now 
marked by rings of cornl or atolls standing o,'er them. 
Whenever it is fully admitted, ns no doubt it will some 
day be, that ench species haa llrocooded from n. single 
birthplace. and when ill til!} course of time we know 
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something definite about the means of distribution, we 
shall be enabled to speculate with security on the former 
extellsioll of the lund. Bu~ I do not beliem that it will 
ever be proved that within the recent period continents 
which are now quite eepamtc, ha,e been coutinuously, 
or almost continuously, united with each otber, and with 
the many e.-usting oceanic islands. Severnl facts in 
distribntion,-sncb as the great difference in the marine 
fauJllliJ on the opposite sides of almost every continent,
the close relation of tho teltiary inhabitants of several 
lnnds and moen seas to their present itillauitnnts,-the 
degree of affinity bctween the mammals inhabiting 
islands with those of the nearest continent, being in 
lmrt determined (ns we shall hereafter see) by the 
depth of the intervening ocean,-these and other such 
facts seem to me opposed to the admissiOll of stich 
prodigious geogmphicnl revolutions witllin tho recent 
poriod, us are neccssitnted Oil the viow ndwl.llced by 
l!~orbes and admitted by hiiJ many followers. The natnre 
ami relative proportions of the inbabitants of oceanie 
is1ands likewise seem to me opposed to tbe belief of 
their former continuity with continents. Nor does tbe 
almost universally volcanic composition of such islands 
favonr the admission that they arc the wrecks of sunken 
continents ;-if they had originally existed as mountain
rouges ou the land, some at least of the islands would 
have been formed, like other moltutain-summits, of 
granite, metamorphic sellists, old foss.iliferous or other 
such rocks, instead of consisting of mere l)iles of vol-
canic matter. • 

I must now say n. few words on wllat are called acci
dental means, bllt which more properly should he called 
occasional means of distribution, I shall here confine 
myself to plants. ]n botanicru works, this or that plant 
j,. stated to be ill adapted for wide dissemination; but 
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for transport 8CJ'OSB tho IJCIl, tho greater or lese facilities 
may be said to be almost wbony unlmo"'11. Until I 
tried, with Mr . .Berkeley's aid, a few experiments, it 
was 11m l:n'cn known how far 8e<'ds could rea6t the inju. 
rious action of sea-water. 1'0 my 8ufllfise I found that 
out of 87 kinds, 64 germinated after lUI immersion of 
28 days, and a few survived an immcttlioll of 137 days. 
It de:sern!fl notice that certain OMOri! were far more in
jured than others: nine Leguminosro were tried, and, 
with on6 exception, they l'Cf!i .. too the 881t-.water badly; 
seven speeies of the allied oruers, liydrophyllacero and 
Polemoniaccre, were aU killed by a month's immersion. 
For eoo\'cnicnce' sake I chiefly tried small seeds, without 
the capsule or fruil; aol1 as all of these sank in a few 
days, theyoould not hlL\:e been floated across wide spaces 
of the fICo, whether or not they were injured by the snit· 
water. A.fterwards I tried some la~r fruits, capsules, 
&e., and some of th(lB(l floated for a long time. It is 
well knowlI wllilt a difference thero is in the buoyancy 
of green and seasoned timber; and it occurred to me 
that floods might WMb down plants or branches, and 
that the&O might be dried on the be.nks, and then by a 
fresb rise in the stream be ""ashed into tbe eea. lIence 
I was led to dry stems Rnd branchC8 of 91 plants with 
ripe fruit, and to place them on eea-water. 'l'he ma
jority snnk quickly, but some, which whilst green floated 
for a very IJhort time, when dried floated much longer; 
for instanoo, ripe hazel-nuts Bnnk immediately, but when 
dried they floatoo for 90 days, and afterwards when 
IliRlltoo thoy germinated; an aspnmgus-plaut with ripe 
berries floated for 23 day8, when dried it floated for 
85 days, and the seros afterwards germinated; the 
ripe aceds of HelO8Ciadillm Milk in two days, when dried 
thoy floated for ahove 90 days, and afterwards germi
nated. Altogether, out of the 94 dried plants, 18 Boated 
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for above 28 days, and some of the 18 floated for a 
\'cry much longer period. So that ItS t+ scOOs germi
nated aftcr an immersion of 28 days; and as H plants 
with ripe fruit (but not all the StlOle species as in the 
foregoing experiment) floated, after beiug dried, for 
obo\'e 28 days, as far as wo may infer anything from 
these scanty facts, we may conclude that the socds of 
,11'~ plants of any country might be flooted by sea
currents during 28 days, and would retain their power 
of germination, In Johnston's Physical Atlas, the a\'e
roge rote of the se\'eml Atlantic CUlTCnts is 33 miles per 
diem (some currents funning at the faW of 60 miles 
per diem); on this M'emge, the seeds of -I,'. plants 
belonging to one country might be flooted across D2l 
miles of sea to nnother country; and wlu'U stranded, if 
blown to a favourable spot by an inland gale, tlwy 
would germinate, 

Subsequently to my experiments, M. ]\fartens tried 
similar Olles, but ill a much better manner, for he 
plnced tIle seeds ill a OOX in the actual sea, 80 that they 
were alternately wet and exposed to tlle air like really 
flooting IJ1auts. lio tried D8 seeds, mOl!tly different 
from mi ne; but I}o chof!e many large fruits and likewise 
seeds from lllnnta which livo !lenr the sea; nnd tbis 
would hove fa4'oured the a\'erage length of their flota
tion and of their rcsistance to the injurious action of the 
MIt-water, On the other hand, he did not previously 
dry tho plants or branchcs with the fruit.; and this, as 
we have seen, wOllld have caused some or them to ha\'e 
floated much longer, 'fhe result IIIlS that -If of his 
8C(.'(ls flooted for 42 days, Ilml were then capablo of ger· 
minahon, But I do not doubt that plants exposed. to 
the wa\'CS would float for Il less time than those pro
tected from violent mo,'cment 08 in our experiments. 
l'herefore it would perhaps be safer to assumo that the 
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8OC>ds of about -I.'r plants of 0. flora, o.fter llll.\'ing been 
driocl, could be flooted across a epnce of sell. 900 miles 
in width, and would then germinate. The fact of the 
larger fruits often floating longer than the small, is 
interesting; as plants with large seeds or fruit could 
hardly be transported by any other means; and Alph. 
de Cnndolle b!\!l shown that such plants generally hnve 
restricted ranges, 

But seeds may be occnsionally tmnsportcd ill another 
manner. Drift timber is thrown 111' on most islands, 
e\'tm 011 those in the midst of the widest tX'e'nns j and 
the natives of the coral-islands in the Encific procure 
stones for their tools, solely from the roots of drifted 
trees, these stoncs being a vahmble royal tax. I find 
011 cxnmination, that when irreglllnrly shaped stoues 
nre embedded in the roots of trees, small parcels of 
enrth aTe ,'ery frequently enclosed in their intcrsticel! 
and behind them,-so perfectly that not a particle 
could be washed away ill the longest trnnsport: out of 
one small portioll of earth thus completely enclosed by 
wood in nn oak about 50 years old, three dicotyledo
nOllS plants germinllted: I am certain of the accuracy 
of this observation. Again, I can show thnt tllO car
cascs of birtls, when floating on the sen, sometimes 
escapc being immediately de"oured j and seeds of mnny 
kinds in the crops of Hooting birds long retain their 
,itality: peas aud vetches, for instance, are killed by 
e"en a few days' immersion in sea-water; but some 
taken out of the crop of a pigoou, which had llootoo on 
artificial salt-water for 30 days, to my surprise nearly aU 
germinated. 

Li"ing birds can hardly fail to be lligllly effective 
1Ie"'Ollts in tho transportation of seeds. I could give 
many facts sho'ring: how frequently birds of many kinds 
are blown by gales to vast distances across the ocean. 
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We may .(>Iy a.tlmo that und,·f .n,-II t'in'uml"tanf'el 
Uh'ir rate of flight would oft.-n t.e 3.) mil .. au bour; 
and IOml!' .utl~,~ hue gi1'eo a fllr hij:!Jf'r rttimate. 1 
I,,'-e nen'r 11:. n au iOI,iiance or uutriti .. u • .,...J, )lIlftiing 
through the illt('8linCI! of 0. loinl ; Lut hnnl k't'<ls of fruit 
paM uuilljured through 6\'('11 tho digCIIlh-o orgBlls of a 
turkey. JII the roUnMI of two moutbM. I pi/'kloJ up in 
my gant.·n I:.! kinWl of..-edl., oot or tLe ('.J:I'rcment 
of IllDaI1 Li"~ •. nd these .-m.>d pt,n',(·t. aod lOme of 
them, .hi,·11 '11ft-roe tried, go'fmin.t<.J. Hut th.t following 
filet is IIJON iWI'0rtant: tbp.cl'OIHIof Linls do lIot IIOCrcte 
gnstric jukl', and do not in th~ lelUlt illjur<' .... I know 
by trULl, the gt.·mliulltinu of 8'\11; nu", an.-r • bird hat 
(ound and 111,,'00""<1. Luge 1I11'I'1y o( (u(IlI, it WltOIIilil'"e1y 
..... n.'J iliat aU the grau. do u .. t 1- into th.- JZizzard 
(ur tllrch'e or ('\'en eiA'bll'en hount. A Linl in this ill· 
krml might clUlily be blown to tho di~hu)('u of r..OO milCII, 
Rllll hawiu aru known 10 look out (or tin·J binlll, alld 
t1.f' cullh'nt. of their tom et'Op' mie:ht tlml " .... Iily get 
.... ttt·,..J, i"<,w~' hawks and 0'..1. l...,lt tilt-ir I'~" .OOIt", 
and, ant'r an iutcrnl of (rom t.('ln!! 10 tw- Dty boo" 
d~rgt, 1,,·I1."l.Ilo w-hil"b, .. 1 know {mm e.J.l'f'rimenlt 
mado in tho ZoolO',;ical Gn.nIl·n8, includo ~'(Iol capable 
or gcnninntion. Some.-US of tbe oat, ",bt'llt. millet, 
OiInary, bt·ml'. clover, and Lot-t ~Nmill8tw an..-r ha\-inJ!: 
been (rum l'Aclvo to t.'·1I1y-oo(' hoW1l in tb" Itomaciu 
of dif!"'~llt 'Iirda o( prey; and t.o ..... Ia of llf'!:t sre'A 
.fief having' ll\lll'u thus retained fur two day. aud four
k'tll bOllra.Fn..·~h-wBtcr flsll, 1 lind, cut 8f'(:ds o( mallY 
land e..nd wlltl"r plant.: flah ILI1I frequcntly d,·wurcd by 
birtlJ., and dUlii tbo .. od. mij.tht he mJII'I" .rtrd from 
laro to I'~' 1 (",.-eJ many kinJa of ..w. illto the 
"mat·hs of dl'ell tiah, and th.·n p'"e their Loolif'il to 
Ialling-t'6/.{ll.., sturb. aud IM'lit'8lll; th~ Linl", afk'r 
an illtcmd of Ulony hOUri. eithcr rej.X'tt...u. the ik.'<.'(}s in 
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pellets or passed them in th('ir excrement j and severnl 
of these seeds retained their power of germination. 
Certain seeds, however, wero always killed by this 
p"""""-

Although the beaks and foot of birds aro gcnernlly 
quite clean, earth sometimes adheres to them: in one 
case I remm'ed sixty-ono gmins, and in another case 
tlfenty-two groins of dry argillnceous earth from one 
foot of a partridge, and in tho eurth thero was a. pebblo 
quite as largo as the seed of a I-etch. Thus seeds might 
occasionally be tmnsported to great distanccs; for mUlly 
fuets could be given showillg tllUt soil almost every
whero is charged with seeds. 1 will givo ono caso;
l\£r. NOlliol\ sent me tho leg of Il red-legged partridge 
(Caccnbis nlfa) which had been wounded aud could 1I0t 

fly; round the wounded leg and foot a. ball of hard 
('arth had colieck-<l, and this when removed weighed six 
and a half ounces. This earth llad been kopt for three 
years, but when broken, watered and placed under a 
bell glass, 110 Icss thall 82 plants sprung up from it: 
these consisted of 12 monocotyledons, including the 
common oot, and nt least one kind of grass, and of 
70dicotyledon~, which inciuded,judgiug from the young 
loaves, at least three distinct species. With such facts 
before us, call \\'0 doubt that the many birds which aro 
annually blown by gales MJ'()88 great BpnCes of ocean, 
IUld wllich annually mig-mta-for instance, the millions 
of quails across tho Mcditermncnn-mllst occasionally 
transport a. few scros embedded in dirt adhering to 
their fed? But I shall llresentiy have to recur to this 
subject. 

As icebergs aro knowIl to be sometimes loaded with 
earth and stoues, aud have oven carriod brushwood, 
bones, 8nd the nest of a land-bird, it can hardly be 
doubted that they must occasionally, as suggested by 
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Lyell, haye transported seeds from one part to another 
of the arctic and antarctic regions; and during the 
Glacial period from one part of the now temperate 
regions to another. In the Azore!', from the large 
number of plnnl8 common to Europe, in compariSOtl 
with tile species in the other Atlantic islands which 
stand llearcr to the mainland, and (as remarked by 
Mr. n. C. Watson) from their somewhat northern cha
rueter in comparison with the latitude, I suspected that 
these islands had been partly stocked by ice-borne 
seeds, during the Glacial epoch. At my request Sir 
C. Lyell wrote to l\f. llartung to inquire whether he 
had obsen'ed erratic boulders on these islands, and he 
answered that he had found large fragmeUI8 of granite 
and other rocks, which do not occur in the archipelago. 
Henco we may safely infer that icebergs formerly landed 
their rocky hurthens on the shores of these mid-ocean 
isldnw, dnd it is at ICflSt possible that they may have 
brought thither the seOOs of northern plants. 

Considering that these sel'ernl means of trnnsport, 
and that seyernl other means. which without doubt 
remain to be discovered, have been in action year after 
year, for lens of thousands of years. it would I think be 
a marvellous foot if mnny plants had not Ums become 
widely tmnsportcd. These means of transport are some
times called aocidental, but this is not strictly correct: 
the currents of the SCll. are lIot accidental, nor is the 
direction of prel'alent gales of wind. It should be ob
served that scarcely any mOOllS of transport would carry 
seeds for l'ery great distances; for seeds do ' not retain 
their vitality whcn exposed for a great length of time to 
the action of scn.-water ; nor could they be long carried in 
the crops or intestines of birds. These means, however, 
would !>umoo for occasional trausport across tmcts of sea 
some hundred miles in breadth, or from island to island, 
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or frpm a continent to 0. neighbouring island, but not 
from one distant continent to another. The fiOrM of 
distant continents would not by such moons become 
mingled in RUY great degree; but would remain us dis
tinct R8 we now BOO them to be. 'l'he currents, from 
their course, would never bring seeds from Korth 
America to Britain, though they might and do bring 
seeds from the \Yest Indios to our westen. shores, where. 
if not killed by so long an immersion in salt-wate-r. 
they could not enduro our climate. Almost every year, 
one or two land-birds are blown across tho whole 
Atlantiu Oeeall, from North America to the western 
shores of Iroland and England; but seeds could be 
transported by these rare wanderers only by one means, 
namely, by dirt adhering to their feet, which is in itself 
a rare accident. Enm in this case, how small would 
tile chance be of a seed falling on {nvourable soil, find 
coming to maturity! But it would be 0. groat error to 
argue that because a well-stocked island, like Great 
ilritain, has not, as far as is h."IlOWIl (aud it watlld be \'ery 
difficult to prove this), received \\ithin tho Inst few 
centuries, through QCI'..asioll!l.l means of tranRport, im
migrants from Europe or any other continent, tbat 
a poorly-stocked island. though. standing mON remote 
from the mainland, would not receive colonists by similar 
means. Out of twenty seeds or animals transported 
to an island, even if far le.'J3 well-stocked than Britain, 
perhaps not more than one would be so well fitted to its 
new home, as to become llaturalised. But this, 8S it 
seems to me, is llO ,'alid argument against what would 
be etrootcd by occasional means of tran~porl, during the 
10llg lapse of geological time, whilst an island was being 
upheayed, and before it had become fuUy stocked with 
inhabitants, On almost bure land, wilh few or no de
structive iusects or birds living there, nearly every seed 
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which chanced to arrive, if fitted for the climate, would 
be sure to germinate Bnd survh"e. 

DilpertaJ durlng tile Olatial Peri«l. 
The identity of many 1)lan18 and animals, on moun4 

tailHlUlllmits, separated from each other oy hundreds of 
milCll of lowlltnds, where Alpillo speei('fJ oould 1I0t pos
sibly exi .. t, is ono of the mo.-I. IItriking C88C8 known of 
the .. mB species li\·ing at distant point&, without the 
apparent posoil'ility of their ha,"ing migrated from olle 
!,oint to tbo other. It ill indeed a relllltrkaole fact to 
see 80 mony 1)lan18 of the Iitl.mo slX'Cies li\-jng 011 the 
sllOwy regions of tho A1~ or Pyrcll(,e>I, BUll in the 
('xtreme Il(,rthcm porte of Europa; but it is far more 
remarkable, that the plants on the White J(ountains, in 
the United States of America, are all the same with 
thOl!6 of ]~abrru:lor, nnd ncarly all tho MIll(\, a& wo hear 
from .Asa Gmy, with tlwee on the loflictlt mOllntaiua of 
Europe. Eren "" long ago Ail IHi, such facts led 
Gmelin to c(lnclude that the same "pe<'i61 must have 
been iudcpend'·lltlycrcated atSt.-n·ral distinct points; and 
we might IUl.\"e remained in thj,J saIDI' belief, hllu not 
A~~iz and othcnI called yiviJ attention to the Glacial 
period, which, lUI we shall immediately lIt'{', "ffords a 
tlillll'le eJ:l'lnnntiol1 of thestl fa.cta. We have evidence 
of alm08t erery conl!ei,·"ble kind, organic and inorganic, 
that, within a '·ery recent goologicnl period, cenLra1 
EUrQl)O Ilnd North America suffered Wider Iln arctic 
eiimllto. The ruins of 0. hOU8O burnt by firo do not 
tell their wle more plainly, Ulan do the mOllntains of 
Kootland aUll Wales, with their 800red lhmks, polished 
I.lUmOOl, and perched boulders, of the icy stroolD.9 with 
whicb their "alleys were lately fill(oJ.. So greatly has 
the climnte of Europe changed, that in Northern Italy, 
gigantic morniuC/I, left by old glaciers, nro now clothed 
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by tho ville and maize. Throughout a largo pnrt of the 
United States,. erratic boulders, and rocks scored by 
drifted icebergs and COQ.Bt-ice, plainly reveal 8 former 
oold period. 

The fonner influeuce of the glacial climate on the 
distribution of tho illl18bito.llt8 of Europe, 8S explnillcd 
with remarkable clearness by Edward Forbes, is sub
stantially as {oUowa. But we shall follow tho changes 
more readily, by supposing a new glacial period to como 
slowly Oil, snd thou 1>M8 away, as formerly occurred. ~\S 
tho cold came 011, nud lUI each more southern zono became 
fitted for Indio hoings and ilI·fitted for their former 
more temperate illhubito.nts, the latter would be SUI~ 
planted 81ld arctic productiolUl would take their places. 
Tho inhabitants of the more temperato regiollB would 
at the 8Ilme time tmvel southward, unless they were 
stopped by barriers, ill which case they would perish, 
'fho mountains would become CO\'cred with snow and 
ice, and their former Alpine inhabitants would descend 
to the plaiu& By the time that the cold had reached 
its maximum, we should have a uniferm arctic fauna 
and flora, covering the ceutral parla of Europe, as far 
80uth as the Alps and Pyrenees, and evon stretching 
into Spain, 'fho 1I0W temperato regions of the United 
States would likewise be covered by arctic plants and 
auimfl.ls, a.nd these would be Ilcfl.rly the saIDO wilh thoso 
of Europe; for the present circllmpolfl.r inhabitauts, 
which we suppose to have everywhcre travelled south
ward, are remarkably uniform round the world, 'Ve may 
suppose that tho Glacial pcriod came on a little clutier 
or later in North America tban in Europe, 80 will the 
southcm migration there have been a littlo earlicr or 
later; hut this makes no difference in the final result. 

As the warmth retumed, the arctic forms would re
trcat northward, closely followed up in their retreat by 
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tho productions of tho moro tempcrnto regions. And 
IlfI tho SIlOW melted from the bascs of tllO mountains, 
~he arctic fonus would seizo on tho cleared and thawed 
ground. always ascendulg, lUI the wllnnth increased lind 
the snow still further doollpeared. higher and higher. 
whilst their bretllren were pnrsuing their northern 
jonrney. lIenee. when the wannth had fully returned, 
tho 8time species. which bad lutc1y li,-ed together in a 
body ou tho EUroPCM nnd North American lowlands. 
would be found in tho arctic regions of the Old and New 
Worlds, and isolated on many mountnin·summits far 
distant from each other. having been exterminated on 
allle880f heighls. 

Thns we caD understand tho identity of many plants 
at points so immensely remote as 011 the mountains 
of the United States 611d of Europe. We can thus also 
understand the fu.ct that tho Alpino plilllts of each 
mountain-rango nre more especially related to the arctic 
forms living dnc north or nearly due north of them: for 
tho first migration when the cold came on, Rnd the re
migration on tlle returning warmth, would generally 
have been dne /IOuth and north_ The Alpine plants, for 
example, of Scotland. as remarked by hlr.II. C. Watson, 
nnd thO&O of the PyrcllCC8, as remarked by 1llunond, aro 
more especially allied to the plnnts of northern Scan
dinavia; tbose of the United States to Lnbmdor; those 
of the monntaill8 of Siberia to the arctic regions of that 
country. These views. grounded as they are on the 
perfectly well-e.scertained occurrence of a former Gla
cinl period, seem to me to el:plain in so 8IltislilCtOry 
a manllCr the present distribution of the Alpine and 
Arctic productions of }:Ilropo BDd America, that when in 
other regions we find the same species 011 distant moun
taiu-summits, we may almOlrl. conclude, "ithollt other 
ericlcDcc, that 8 colder climate formerly permitted their 
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migration ncro;;s the intervening lowlands, now become 
too warm for their existence. 

All tho arctic forms wovoo first southward aud after
wards bookwarda to the nortIl, in unison with the changing 
climat(l, they will not have boon exposed during their 
long migrations to I1ny great divorsity of temperature, 
Qnd IlB they will all have migrated in a body together, 
their Illutual relations will not have been much disturbed. 
Hence, in accordance with the principles inculcated 
in this volume, these forms will not have been Jjablo to 
wu('h modificatiou. But with the AJpioo prexluctiolls, 
left iwlnled from the moment of the returning wnnnth, 
first at the bases and ultimately Oil the summits of 
tho mountains, the ease will have been solllewhat dif
ferent; for it is not likely that all the snmc arctic spe
cies wilJ Imvc been left on mountain-ronges far distant 
from each other, nnd hnve snm,'ed there ever since; 
they "ill, nlso, in nil probability, have becomo miugled 
with ancient Alpine sJlccies, which Illust have e:o::iJ;ted 
011 the mountains before the oommen('ement of the 
Glacial epoch, ami which during its ooldest period will 
have been temporarily drin'n down to the pining; they 
will, also, havo been c:o::poscd to somewhat difierent c1i. 
matal influences. i'heir mutual relations will thus IlI"'o 
be<!11 in some degree disturbed; consequl'ntiy they will 
hal'e been liable to DlOtiifieation; and thi!! we find hag 
been tho case; for if \ve compRre the present Alpine 
plalll.il and animals of the several great European 
mountain-ranges ouo with another, though many· of tho 
species still remain identicnlly the Mme, somo exist as 
varieties, some fl8 doubtful fonns or sub-BlX!<!ieB, and 
some fl8 certainly distinct yet closely alliod species 
repl'CS('nting each other 011 the Beveml ranges_ 

In illu~tmtillg what, as I beliel'e, actually took place 
during tho Glacial period, I have assumed that at its 
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commencement tim arctic productiolls were na uuiform 
round the polar rt'gi01l8 as they are at the Pre&<'ut day. 
But the fOJ'('going r<'marks 011 distribution apply not 
Ollly to strictly arctic forms, but 0.1130 to many sub-arctic 
and to some fcw northern temperate fonll9, for some of 
these are the 88me on the lower mountnin-sloflC9 lind on 
the plains of North Amerien and Europe; and it may 
be naked how I accouut for this degree of uniformity 
in the sub-arctic and temperate forms rouud the world, 
at the commencement of the G lacisl period. At tho 
pre8Cnt day, the sub-arctic and northern temperate 
productioll8 of the Old Bnd New Worlds are 8Cpamted 
from each other by the whole Athmtic Ocean and by 
tho northern part of the Pacific. During tho Glacial 
period, when the inhabihUlts of tile Old and New 
Worlds lived farther southwnrds than they do nt pre
sellt, they must hnve ~1I still more complct01y sepa
rated from eaeh other L~' wi,ler spaces of o<'('an; so 
tl1at it may well be Bskc..l how the same "pecit'8 could 
have entered two regiolls then SO widely separated. The 
explanation, I beliere, lies in the natutc! of the climate 
before the commencement of tile Glacial period. During 
this, the nower Plioccne period, when the majority of 
the inhabitllullI of the world were Specifieally the same 
8.8 now, we have good reason to believe that the c1jmate 
was wnrmer than at tho present day. Renoo wo Dlay 
suppose that the organisms which now live uuder lati
tude 60", during the Pljoccue period lived farther north 
under the Polnr Circlc, in latitude 66 '.67"; and tlmt 
the PreBCut arctic productions tJlen li\'oo on tho brokell 
land still nearer to the pole. Now, if we look at a 
terrestrial globe, wo fK'e that under tho Polar Circle 
there is ahnOllt continuoU3 land from western Europe, 
through Siberia, to eastern America. And to this con
tinuity of the circumpolar land, and to the consequent. 
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froodom under fL more favourable cl imnto for illtcrmigro.
tion, 1 ottributc a OOll8idcmble degree of uuiformity in 
the BUb-arctio aud northern temperate productions of 
the Old aud New Worlds, at a period anterior to the 
Glacial epoch. 

Belicviug, from reasons before alluded to, tlJat QIII' 

continents have IOllg remained in nearly the same rela· 
tive position, though subjected to large, but partial 
oscillations of level, I am strongly iuclined to extend 
tho above view, and to infor that during ROme still 
earlier and still warmer period, BUch as tho older Plio
cene period, a large number of the SIlIllO plauts and 
fLuimais inlmbited the allUOlit continuolls circumpolar 
land; and that these lliauts and animals, both in tho 
Old fWd New Worlds, began slowly to migrate 8Outh
wards 8J! the climate became lees warm, long before the 
commencement of tho Glacinl period. We now see, as 
J believe, their descendants, mostly ill II. modified COil· 

dition, in tbe central parts of Europe and the Lllited 
States. 011 this yjew we call Ullderstalld the relation
ship, with very little identity, between the productiolls 
of North America aod Europc,-a relntiollBhip which is 
highly remnrkable, ~n.siderillg the distance of the two 
arelll!, and their separation by the whole Atlilntic Ocean. 
We COIl further ullderstilud the singular fact remarked 
Oil by se\'erol obsencrs, that the productions of Europe 
and Americn during the latter tertiary stages were more 
closely related to each otber than they nre at the pr&
sent time; for during these warmer periods the northern 
pnrta of the Old and New Worlds will havo been almost 
continuously united by land. serving na a bridge, sinoo 
rendered impassable by cold, for tbe intcrmigmtion of 
thcir inhabitants. 

During the slowly decreasing warmth of the Pliocene 
period, a~ soon as the species in commOIl. which inha,. 
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bitod tlle New and Old Worlds, had migrated south 
of the Polar Circle, they would have been oompletcly 
cut off from each other. 1'his separation, M far as 
the more temperate productions arc eoncemed, took 
place long ages ago. And as tLe plants and animals 
migrated l!Outhward, they would have been liable to 
become mingled in the ODe great region with the nativo 
American productions, and would have had to compete 
with them; and ill tile other great region, with those 
of tho Old World. Consequently we have here every
thiug favourahlo for much modification,- for far more 
modification than with the Alpine productions, left 
isolated, within a much more recent period, ou tho 
sel'erai mountain-ranges and on the arctic lands of 
Europe and N. America. llenee it has come, tbat 
when we compare the noll' living productions of the 
temperate regions of the New and Old 'Vorlds, we find 
very few identical species (though Asa Gray lIas lately 
shown tbat more plante aro identical than was formerly 
supposed), but we find in every great class many forms, 
which some naturalists rank as geographical races, and 
others as distinct species; and a host of closely allied 
or represcnta,fivo fonns which are ranked by all natu
ralists as spe(hficnlly distinct. 

As on the land, so in the waters of the sca, a slow 
southern migration of a marine fauna, which, during 
the Pliocene or even a somewhat earlier period, was 
nearly uniform along the continuous shores of the Polar 
Circle, will. account, on the theory of modification, for 
Illany closely allied forms 1I0W living in Illarine areas 
completely sundered. 'l'bus, I think, we can Iluderstand 
the prescnce of some still existing and of some tertiary 
closely allied forms Oil the eastern and western sllOres 
or tempcmte North America; and the still more striking 
case of many closely allied crustaceans (as described in 

u 3 
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Dana'lI admimbJe work), of som('< filth And other mArino 
Animalll, in the llcditermneAn and in tho !!Cas of 
Japan,-tbese two AreM being now completely k'pa
rated by the breadth of B wholo continent. and 111 a 
wide 8paoo of ocean. 

Th686 Ca8O!I of c10e0 relationship in Illany 8pecies 
either now or formerly inhabiting tho seM ()Il the 
eastern IlIld weetern shores of North America, the 
Mediterranean and Japan, and Ule temperate Itmd8 of 
North America and Europe, are inexplicable ()n tho 
tboory of creation. '''0 cannot maintain that IIIch 
Spooi08 havo been c.reated alikc, in correspondence with 
tho ncarly similar pbyllical conditions of the arcflfl ; 
for if ,,'e compare, for instance, oortain parts of South 
Amerira with perla of South Arriea or Awlralia, we 
190 countries cloeely similar in all their phyliica1 oondi
tiona, but with inhabitants utterly dil!l:limilar . 

.M1mdaml GlacialJ)eriod. 

]Jut. we m1l8t. return to our more imme4iate mbit'et. 
1 am convinced that. Forhe!!'1! view may be largely ex
tended. Iu Europe we meet with the plainest eyjdence 
of the Glacial period, from the wClItenl 8hores of Uritain 
to tho Oural rnnge, and southward to the 1l yrclloel. 
We may infer from the frotCll mammals and nature 
of the mountain v~tatiOD, thllt. Siberia was similarly 
affected. in the Lebanon, acrording to Dr. llooker, 
perpetual snow formerly covered the central axis, and 
fod glaeiers whkh rollPd 4000 reet dowl! its ,-alleys. 
Along tho llimnlaYR, at points 900 mile! apart, glaciers 
have left tbe marks of their fonner low descent; Bnd 
in Sikkim, Dr. Hooker IIRW maize gro..,.-jng on gigantio 
ancient moraiuC8. Southward of the great continent. 
of Aaia. on the opposite side of tllO equator, we now 
know, rrom the cxc<!lIcnt rescarchce or Dr. J. HMst. and 
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Dr. H ector, that enormous glaciers formerly descended 
to a low level in New Zealand; and the same plants 
found by Dr. Hooker 011 widely !K'parated mountains in 
this i.sland tell the @(Ime story of a former cold period. 
From facta lately communieated to me by the Hev. 
W. B. Clarke, it appears abo that there are clear traccs 
of former glncial action 011 the mountains of the SQuth
eastern oorner of Australia. 

Looking to Americn; in the nortllem half, ice-bomo 
fragments of rock luwe be<>n ob.icrvcd on the oostern 
side as far 80uth 1\8 lat. 3(?-3r', and on the shores of 
the Pacific, where the c1inlfl.ta is now 80 different, as 
far 80uth all lnt. 46<0; erratic boulders have. al80, been 
noticed on the Uocky Mountains. In the Cordillera 
of equatorial South America, glaciers once extended 
far below their prcscll' leveL In Central Chile I cx
amined a vast mound of detritus with grent boulders, 
crossing the PortilJo \,alley, which 1 now fully bclie"6 
to have been due to ioo-actioll; but we shalJ hereafter 
have mlunble infonnation 011 this subject from Mr. D. 
l"orbes, who informs me thnt he found ill the Cordillero, 
from lat. ] 30 to 30" S., at abont tllO height of 12,000 
feet, strongly-furrowed roCks, reeembling tllO/!C with 
which he was familiar in Norway, and likewise great 
masses of detritus, including groo\'ed pebbles. Along 
this whole space of tl16 Cordillera true gl/l.Cicrs do llot 
uow ('xist evcn at much more oonsiderablo heighU!. 
]~artber south ou both s:ides of the continent, from lat. 
410 to tho 8OuthernmOflt,eItremity, wa have tho clearest 
evidence of former glacial action, in hugo boulders 
transported far from their parent source. 

We do not know that the Glacial epoch ,,"1\8 strietly 
simultanoous at these several ftlr-distallt points on 
opposite sidcs of the world. llut we havo good evi
deuce ill almost every case, thnt the epoch formed 
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part of tJle I"tolt geological period. We ha\'e, OlIO, 
6.IC'CliclIt evidencc, that it endured ror an enormous 
timo, sa mCftlUroo by years, at each point. 'l'he cold 
may ha'"e come Oil, or have ceased, earlier at one point 
of the globe than at another, bul, 8(!Cing that. it endured 
for a long time at. each, and that it W88 contemllOra. 
nOOU8 in a geological aense, it acem. probable tl18t it 
wsa, during a part at least of the period, o.ctually lIimul
taneou.s throughout the world. Without IOIDe distinct 
e\'idence to the contrary, wo lDay at loast admit sa 
probable that the glacial action was silDultancoul on 
the eastern alld western sides of North Amoriefl, ill tho 
Cordillera under the equatorial, trollical, and warmer 
temperate zones, and on both .ides or the 80Ulhem 
portiun of the continent. H this be admitted, it is 
difficult to a,'oid believing that the temperature of the 
wholo world was Rt thil period Himultaneou;dy cooler. 
Hut it would Huftke for my purpOf!lQ, i f the temperature 
were at the same lilllo lower along certain brood belu 
of longitude. 

Ou this view of the whole world, or at least of broad 
longitudinal ht!lta. baving been simultaneoully colder 
from pole to )lOle, much light eRn be thrown on the 
llreecnt distribution of idcntical nnd lI\lied species. In 
America, Dr. Hooker has ahown that between forty lind 
fifty or the flowering plants of Tierra del Fuego, ronning 
no inconsiderable INillft. or its scanty flora, are common 
to Europe, enormowiy remote 81 the.;o two poinu are; 
and there are many clOliely allied II>ooiC8. On the lony 
mountaius or equatorial America a host of peculiar 
lpocies belonging to European genera occur. On the 
Organ mountaini or Bmz.il, IOmo few European tern· 
lIe.mte, lOme antarctic, and !lOme Andean genera were 
found by Gardner, which do not exilJt in the low inter
"ouing hot oouutrice; aud I havo been inrormed that 
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Agassiz lUll) lately discovered plain marks of glacial 
action on these samo mountains. On tho Silla of Ca
rnccas tho illustrious Humboldt long ago foulld species 
belongjpg to genera charncteri~tio of the Cordillem. 

in Africa, several forms characteri.;tic of Europe and 
8Omo fow Teprosentati\'cs of tho flora of tho Cape of 
Good Hope OC<!ur 011 tho mountains of Abyssin.ia. At 
the Capo of Good Hope a \'ery few Europcall species, 
belioved not to ho\'o bc<!n i.ntroducod by m(ln, and on 
tho mouutains Beveral representativo l!:uropeall forms 
are found, wllich have not been discovered in tho inter
tropical parts of Africa, Dr. Hooker had also lately 
shown that so\'eml of the plants living 01\ the upper 
parts of the lofty island of Fernando llo and on the 
11eighhouring Camcroon mountains, in the Gulf of 
Guinea, are closely related to thoso on tho mountains 
of Abyssinia, and likewise to thOBO of tcmperate Europe. 
It now also appears, lUI 1 hear from Dr. liooker, that 
80me of tbC86 samo temperate plants have been dis
covered hy tho Um', R '1'. Lowe on tho mountains of the 
Capo de Verdo i3landl!. 'l'his extension of the same 
tempcmte forms, almost under tho equator, aeross the 
whole continent of Africa and to the mountains of the 
Cape de Verde archipelago, is one of the most astonish
ing facts ever recorded in the distribution of plants. 

On tbe llimalaya, and on the isolated mountain
ranges of the peninsula. of India, on tbe heights of 
Ceylon, and on the \'olcallic cones of Ja\'a, many plants 
occur, either idontically the same or representing each 
other, and at the same time representing plants of 
Europe, not found in tho intervening hot lowlands. A 
list of the genera of plants collected OIl the loftier 
peaks of Jam raises a picture of a collection made 011 

a bill in Europe I Still more striking is the fact that 
peculiar 9Outhero Austro.lian forms aN rcpre.sented 
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by Illants growing 011 the sUlUmita of the mountains of 
Borneo. Some of th('!lO Australian forms, as I hear from 
Dr. Hooker, cxtend nlong the heights of the peninsula 
of Malncca, and are thinly srntk'rcd on the ono hand 
over India, and on the other hand as far north 88 

JapRtI. 
On the southern mountains of Australia, Dr. F. 

Muller bail discovered several European speeies; other 
species, not introJllced by man, occur on Ole lowlands; 
and a long rut can be given, as I am informo<i by Dr. 
Hooker, of European genem, found in Australia, but 
not in tile intermediate torrid regions. In the admirable 
'llltnxluctioll to the :Flom of New Zealand,' by Dr. 
lIooker, analogous and striking facts are given in 
regard to the plants of that largo island. lienee we 
100 that, tllroughout the world, plants growing on the 
more lofty mountains, and on the temperate lowlnnds 
of the northern IIIHI southern hemispheres, lite some
times identically the S/lme; but much oftener they are 
lpecifically rlil!tinct, though plainly related to each other 
in a remarkable manner. 

This brief abstract applies to plants alooe: BOme 
atriclly analogous fllcts could bo giYcn on the distribu
tioJl of terrestrilll allima18. In mnrine productioJls, 
similar CiUIC8 occur; as an example, I may quote a 
remark by the highest authority, Prof. Dana, that If it 
is certainly a wonderful fact that New Zealand should 
have a closer resemblance ill ita crustacea to Great 
Britain, its antipode, than to any other port of the 
world." Sir J . Jlieharosou, also, speaks of the .reap
pearance on the shores of New ZCll.land, Tasmania, &c., 
of northern fomll of fish. Dr. llooker informs me 
that twenty-five BPeci08 of Algoo are common to New 
Zealnnd and to Europe, but have not been found in the 
intermediate tropico.lscas. 
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It should be observed tllat the northern forms found 
on the mountain-ranges of the intertropical regioDs 
and in the southern parts of the southern hemisphere 
are not arctic, but belong to the temperate zones; 118 

Ur. H. C. Watson has recently remarked," in receding 
from polar towards equatorial latitudes, the Alpine or 
mountain floras really become less and less fll"Ctic." Of 
theBe forms, some few are identical with northern tem
perate spedes, or are mrieties of them, whiJ,;t others aro 
ranked by all naturalists as closely allied to, hut specific
ally distinct from, their northern repreS(!utatiyes. 

Now let us see what light can be thrown on tIle fore
going facts, all the belief, supJXlrted as it is by 0. large 
body of geological e\'idence, that the whole world, or 
a large part of it, was simultaneously colder during the 
Glacial period than at present. 'J'he Glacial period, 
as measured by years, must hM"o been very long; and 
when we remember o\'er what vast spaces somo natu
ralised plants and animals have spread within 0. few 
centuries, this period will have beeu ample fo r any 
amount of migration. As the cold came slowly on, the 
tropical plants and animals will have retreated from 
bot h sides wwards the equator, followed in the rear by 
the temperate productions, and these by the ardic; but 
with the latter we afe not now concerned. The whole 
problem of what will have occurred is ex~essively com
plex. 'fhe prohablo existence before the Glacial period 
of a pleistocene equawrial flora. and fauna, fitted for a 
hotter eiimato than any now existing, must not be over
looked. This old equatorial Hom will have been almost 
wholly destroyed, and the two pleistocen~ sub-tropical 
floras, commingled and rednced in number, will tben 
llave formed the equatorial florn. Thero will nl80 pro
bably haye been during the Glacial period great ehangcs 
in the precise nature of the climate, in the degree of 
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humidity, &e.; and mrious animals and plants will 
have migraled. in different proportions and at different 
roles. So thai, altogether during the Glacial period 
the inhabitants of the tropics must have been greatly 
disturbed in all their relations of life. llenee they will 
have suffered much extinction; how much no one can 
say; perhaps fo rmerly the tropics supported as many 
species as we now see crowded together at tIle Cape of 
Good lIope, and in pnrts of temperate Austmlia . 

.As we kuow that many tropical plants snd animal! 
CRn withstand a considerable alllonnt of cold, many 
might have escaped extermination during a modcroto 
fall of temperoture, more especially by esmping into 
the lowest, most proteck-d, and wannest districts. Nor 
must it be o\'erlooked that, as the cold will ha\'e como 
on \'ery slowly, it is almost certain that many of the 
inhabitants of the tropics will have become in some 
degree acclimatised; in the same manner as the sarno 
spocies of plant when living on lowlands and llighlnnds 
certainly transmit to their seedlings different constitu
tionru powers of resisting cold. Nevertheless, it cannot 
be denied that all tropical productions will hun) greatly 
sutTered, and the chief difficulty is to understand how 
they can havo escapod entire annihilation. On the 
other hand, the temperote productions, after migrating 
ncarer to the equator, though they will have been 
placed under somewhat new conditions, will have 8uf
fered less. And it is certain that many temperate 
plants, if protected from tIle inroads of competitors, can 
withstand a much warmer climate thsll that proper to 
them. n oncc, it seems to me possiblc, bearing in mind 
that the tropical productions were in a sulfering state, 
alld could not have presented a fi rm front against in
trUllers, thnt a certain numbt-r of tho more \'igorous snd 
1I0mwnllt temperate forms might have penetrated the 
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native ranks. and ho."e reached or even crossed the 
equator. 'fho invlIBion would, of course, have been 
greatly fll.\"Onred by higb land, and perhaps by a dry. 
climate j for Dr. Falconer informs me that it is the 
damp with tbe heat of the tropics which is so des
tructive to perellnial plants from fL temperate cl imate. 
On tho other hand, tho most humid and llOttest dis
tricts would have afforded an asylum for the natives. 
The mountain-ranges north-lVest of the Himalaya, and 
the long line of the Corilillem, seem to htwe affordecL 
two great lines of itwaaion: and it is 0. striking fact,. 
communicated to me by Dr. Hooker, tho.t all the 
flowering plants, about furty-six in number, common 
to 'rierra del Fuego and to Europe, stili ex~t in North 
America, which must have laiu 011 the line of march. 
We might of course speculate 011 the lund ha\'ing 
been fonnerly higher than at present ill "arious ports 
of the tropics, whore temperate forms apparently ha"e 
crossed; but as the lines of migration luwe been 80 
numerous, such speculations would be rash. nence I 
am forced to believe that in certain regions, lIB in India, 
BOrne temperate productions entered and ctoBSed. e,'cll 
tho lowlamb of the tropics at the period wben tho cold 
was most intcllsc,-whcn arctic fonn,s in Europe had 
migrated over at least twenty-five degrees of latitude, 
and co'-ered the land at the foot of the Pyrenees. At 
this period of extreme cold, 1 i>elie,-c that the climate 
under the equator at the level of the sea WIl8 about the 
sume with that now felt there at the height of from 6"e 
to Bix thoUSil.ud feet. During this the coldcst period, 
largo Spc1C<!8 of the tropico.l lowlands wcre prolxtbly 
clothed with a mingled tropico.l alld tempemte vegeta" 
tion, like that now growing with strange luxuriance at 
tllO base of the llimalaya, at the height of four or five 
thOllSUnd (eet, as so graphically described by lIookcr. 
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So again, on tho island of Fernando Po, in tho Gulf of 
Guinen, Mr. Mann found tempemte European fonna 
first beginning to appear at the height of about five 
thOU80nd feet. On tho mountains of PRllfl.ma, at tho 
height of only two thousand feet, Dr. Seemanll found 
the v~ctation like that of :Mexico, .. with forms of 
tho torrid 7.000 hnmlOoiously blended with thoso of tho 
tcmpemtc." So that under certaill conditiolls of climate 
it is certainly possible that strictly tropico..1 fonns might 
have co-existed for an indefinitely long period mingled 
with temperate forms. 

At ono timo I had hoped to find ovidence thnt t1l0 
tropics in some 11!Lrt of tuo world had escnped tho 
ohilling effects of the Glncial period, and had afforded 
a safe refuge for the suffering tropi<'8.1 protiuetiolll!. 
'Va ('.a.nnot look to the penil1J!llia of India for such a 
refuge, tl.!I temperate forma have reached nearly all i18 
isolatad mOllnlain-rangcs, Ill! W(!1l1l8 Ceylon j \\'0 cannot 
look to t110 !lfalay archipelngo, for on the volcanic 
cones of Java wa see European fonn!l, and on the 
heights of Borneo tempemte Australian productions. 
If we look to Africa, we find that not only soma tem
perate European fonus have 1)flSBOd through Abyssinia. 
along tho casrom sido of tho continent to its I!Ollthern 
extremity; bllt we now know that temperate forIIUI 
have likewise tr.l\-cllcd ill tL UanS'I'el'86 direction from 
the Dlol~ntains of Abyssinia to Fernando Po, aided 
perhape in their march by east and west mnges. which 
tllere is some reason to believo tmml'SO the continent. 
But oven grunting thnt somo ono largo tl'opical region 
had rctnined dul'iuS' the Glacial period its full warmth, 
the supposition would be of no avail, for tIle tropical 
fonns therein pl'(!8ClTcd conld not ha'-e tra'-eUed to the 
other great tropical regioDa within so short a period 
all haa elapsed since the Glacial epoch, Nor are tho 
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tropicnl productions of the whole world hy any means 
of 80 uniform 1\ character Il.'I to appear to have p~ 
ceeded from anyone harbour of refuge. 

l'he en.stcro plains of tropical South America ap
Ilflrently have suffered least from tho Glacial period; 
yet even here t.hem arc on the mountains of Brazil a 
fow southem and nOl'iliCnl temperato aud some Andean 
forms, which it appears must havo crossed the continent 
from tllO Cordillcr.!; and some forms all the Silla of 
Camccas, which must bave migrated from the samo 
grent mountain-ehain. But Mr. Bates, who hll.'l studied 
with such care the insect-fauna of the Guillno-Ama
zonian region, has argued with much force IIgllinst any 
r~ent refrigeration in this great region; for ho shows 
that it abounds with highly peculiar endemic Lepidop
terOiIS forms, thus apparently contradicting the belief 
in much recent extinction near the oquator. ITow fal' 
llis lucte Call be explained on tho st1ppositiou of the 
almost entiro annihilation dllring tho Glat'itll period 
of a pleistoceno equatorial fauna adapted for grealer 
heai than any now prevailing, and ilio formation of 
the present equatorial fauna by tho commingling of 
two fonner subo-tropical faUDas, I will not pretend to 
say. 

Notwithstanding these severnl difficulties, we are led 
to believe tllnt a considerable uumber of plants, a. 
few terrestrial animnls, and some Inarino productions, 
migrnted during the Glacial period both from the 
northern ancl from the soutllern telll!}()l'ute zonee into 
tIle in1'el'tropicnl regions, tlll<1 tllnt Bome of them even 
crossed tho equ~tor. When iJ10 hent retuTIlc<I, these 
temperate fonns will nntllfully ha\'o ascended the 
higlH!r mOtwtaills, being extenniuated on tho low
lands; and the greater number will have re-migrnte<l 
uorthward or southward tawards their former homes. 
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nu~ any temperate formll which had reached and 
crossed the equator would have travelled still further 
from their homes into tho more temperate latitudes oC 
the opposite hemisphere. Although wo have reason to 
believe from geological evidence that the arctie shells 
underwent acnrccly any modification during tlleir long 
southern migration and re-migration northward, the 
CiISO may liM'O been wholly different with the intruding 
northern forms which seUJed themseh'es on the inter
tropical monntains and in the sonthern hemisphere. 
'These being surrounded by strangers will have had to 
compete with many new forms of lifo; and it is p~ 
bnble tllnt modifications in their structure, habits, and 
constitutions will ha\'e profited them. '11m3 many of 
these wanderers, though still plainly related by inherit-
8noo to their brethren in tho northern hemisphere, 
llowexist in their Ilew homes lUI well-marked vluieties 
or as distinct species. So it will have been with 
intruders from the south. 

It is tl. remarkable fact, strongly insisted on by 
Hooker in regard to America, and by Alph. de Candolle 
in regard to Australia, that lDany more identical plante 
and allied ronns have migrated from the north to tho 
south, than in n reversed direction, 'Ve sec, however, 
n few southern vegetable forllls on the mouutains of 
lloruoo and Abysainia. I suspect that this prepon
dCn\llt migration from the north to the 90uth is duo 
to tho greater extent of lam! in tIle north, and to 
tile northern forms luning existed in their own homes 
in greater numbers, and haviug consequently been ad
vallOO(1 through natural selection and competition to a. 
higher stage of perfection or dominating power, tllfin 
the southern fom18, And thus, when tIley became com
mingled during the Glacial period, the northern Cormll 
will have been enabled to bent the less power(ul80ulhern 
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forms. Just· in the same Dlanucr as we see at the 
present day, tlltlt very many j~uropefln productions 
cover the ground in La Plata, and in IL lesser degree 
in Australia, and have to a certain extent beaten the 
natives; whereas extremely few southem forms have 
become naturalised in any part of the northern hemi· 
sphere, tllOugh hides, wool, and other objects likely to 
carry sceds have been largely imported into Europe 
during the last two or three -centuries from La Plata, 
and during tIle last tllirty or forty years from Australia. 
'fhe Neilgherrie mountains in India, hO\l'ever, offer a. 
partial exception; for here, as I hear from Dr. Uooker, 
.Amtralian fonns ato rapidly sowing thelllseh'es and 
becoming naturalised. Before the Glacial period, no 
doubt the intertropical mountains wero stocked with 
endemic Alpine forms; but these haye almost onry
where yielded to the more dominant forms, generated 
in the larger areas and more efficient workshops of 
tIle north. In many islands tile native prodnctions 
are nearly equalled, or even out-numbered, by those 
which have become naturalised tllCre; and if the 
uath'es have not been actually exterminated, their 
lIumbers have been greatly reduced, and this is the 
first stage towards extinction. A mountain is an island 
on the laud; and the intertropical mountaillil before 
the Glacial period must ham been completely isolated; 
and I belieye tLat the inhabitants of these islands on 
the land have yielded to those produced within the 
larger areas of Ule uorth, just in the same way as the 
productions of teal islands hMe everywhere yielded 
to continental forms lately naturalised there through 
man's agency. 

I am "ery far from gupposing that all difficulties in 
regard to the distribution and affinities of the allied. 
species, which li\'e ill the northern and southern tern-
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pernta zones and on tho mountains of the intertropical 
regions, al'e removed on the views abovo given. It is 
extremely difficwt to understand bow 0. mst number of 
peculio.r forms coufined to the tropics (.'Ollld ho.ve been 
therein preserved during the coldest part of the Glacial 
pel'iod. 'I.'he number of fOl'ms in A.ustralia, whieh arc 
related to European temperate forms, but \\hieh differ 
so greatly that it is impossible to believe that they 
could have been modified since the Glacial period, 
perhaps indicates somo much more ancient cold period, 
evon as far back as tLe miocene ago, in accordance 
with the recent speculations of certain geologist.'!. So 
again, as I am informed by Mr. Butes. the strongly 
marked chamcter of several species of Carabus, in· 
habiting the southern parts of America. indicntes that 
their common progonitor must have beon introduced 
at some early period; and other analogous facts could 
be gi ven. The exact liues and means of migration 
during the recont Glacial period cannot be indicated; 
nor tho reason why certain species and not others ho.\'o 
migmted; why certain species have been modified and 
have given rise to now groups of fonus, and others have 
remainoo unaltered. \V 0 cnnnot hope to oxplain sueh 
facts, until W8 Clln suy why one species nnd not another 
becomes nnturalised by mAn's agency in 0. foreign lund j 

why one species ronges twice or thrice as far, and is 
twice or thrice Il8 common, as o.notber species within 
their own homes. 

I have said tbat mnlly difficulties remain to be solved; 
some of the lllost remarkable are stoted with admirublo 
clearness by Dr. nooker in hie botanical works on tho 
a1ltal'ctic regions. These cannot be hero discussed. I 
will ollly say that, as far as regards tha occurrence 
~f identical species at JXlints so enormously remote as 
Kerguelen Land, Ne\v Zealand, nnd Fuegia, I believe 
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that towards the close of the Gla('ial period, icebergs, 
as .!'ugg<'flted by LyeU, have been larg(' ly oollccmcd in 
thdr dispersal. But the existence of severol qllite 
distinct IJpcci(!8, belonging to genera exclush'ely con
fined to tho south, fit these and other <lilltant points of 
the southern hemisphere, is, on the theory of dcscent 
with modification, a far more rcmarkable cl\8O of diffi· 
cliity. For somo of these spcciea nre 80 distinct, that 
we caullot /lUpposo that there has l~:n time since the 
commCIlC('mcllt of the n1aeial period for tllcir migra
tion, and for their subllC(}ucnt modification to tho 
IlOCCSSRry df'grec. The factI lJ(lCm to mo to indicate 
that peculbr amI "cry dirlil1clsl)(!('i(~ ha,"o migrated ill 
radiating Jines from some commoll centro; alld I am 
inclincd to look in the southern, rut ill tho northern 
hemisphere, to a fonner and warmer period, before the 
eommeneemellt of the Glacial period, wholl tho allturetio 
lauds, now covered with ice, supported Il hi~llly JX!Culiar 
and i..o;olalP<1 flom. I suspect that IJcfore tiJis flora was 
ext('nninnled by tho Glacin.l epoch, a (ew forms were 
willl'l)" lIk<pet"'l:led to .arious points of the ~\Itheru hemi
~Jlhere by oc'CMionil.l means of trouSI)()rt, and by the 
aill, lUI haiting-places., of DOW sunkl'D il'llallw. By thest! 
mcaus, as I bdicye, tho southcrn shorl's of A merica, 
Au~tralin, allli New Zealand, became slightly tinted by 
Ole ..nllle IlCl'ulinr forms of yegetnble life. 

Sir C. Lyell iu n striking pnSdilg;J has sPQculated, in 
languugo ullll081 idcntical with mine, 011 the effects of 
great alkrnatious of climate on geographical distri
bution. 1 belieye that the world has recelltly felt olle 
of his great eycles of change; and that 011 this view, 
t'ombilll'<l with modification through nntllml sclcdion, 
a multitude of CBets iu tho p~lIt di",tribution both 
of the Sfl,mo Dud of allied fonns of life can be ex
Illaine<l. 'fho living waters may be eaid to h9.\"o flowed 
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during ono short period from the north and from the 
south, and to have crossed at the equator; hnt to 
have flowed with greater force from the north, so as to 
have freely innndated ,the south. As the tide leaves 
its drift in horizontal lines, though rising higher on 
the shores where tile tide rises highest, 80 have the 
living waters left tllcir living drift on our mountain
snmmits, in a line gently rising from the arctic lowlands 
to a great height nnder the eqnator. The various 
beings thus left stranded may be compared with savage 
races of man, driven lip and surviving in the mountain
fastnesses of almost every land, which sen'e as a record, 
fun of interest to us, of the former inhabitants of the 
surrmUlding lowlands. 

© Th I Work of Charles Darwin Online 



enoL!'. Xif. FnESH-WATEn l'RODUCTlOSS. 457 

CHAPTER XII. 

GWORAPmc . .!.L DISTUrnCTIOY-.o:mlinuW'. 

Di:slribution of ftwlh-water IJroductiolUl- On the inhabitants of 
~nic ilIland8-Abecnoe of llalmchillna aud of tem'lltriai 
lHamma~thQrelatiOllortheinhabilaulllofu.landalo 
IhOlle of the neareBt mainland_On oo!onisalionfromthencareet 
IIOIITOO with 8ub6cquent modification-Sumnuuy of the last and 
presentcllaplcr. 

Fr18h-water Producticm. 
As lakes ~nd ri.er-aystems are separated from each 
other by barriers of laud, it might have been thought 
that fresh-water productions would not have ranged 
widely within the sbme country, and, Iltl the sea is 
apparently (l. still more impassable barrier, t1mt they 
neyer wouId have extended to distunt countries. But 
the case is exactly the reverse. Not only have many 
fresh-water species, belonging to quite different classes, 
an enormous range, but allied species pre"ail in f.L 

remarkable lllIlnner throughout the world. I well re
member, when first collecting in the fresh waters of 
Brazil, feeling much surprise at the similarity of the 
fresb-water insects, shellil, &e., and at the dissimilarity 
of tlle surrounditlg terrestrial beings, compared witb 
thost;ofBritain. 

But this power in fresh-wa.ter }lrOOuctions of ranging 
widely, though 80 unexpected, can, I think, in most 
cases be explained by their having become fitted, in 
a manner highly useful to them, for short and fre
quent migmtiolle from pond to pond, or from stream 
to stream; and liability to wide dispersal wouId follow 

x 
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from this capacity as an almost necessary consequence. 
We can here consider only a few cases. In regard to 
fish, I believe that the same species never occur in the 
fresh waters of distant continents. But on the Bame 
continent the species often rilllge widely and almost 
capriciously; for two river-systeuis will have some fish 
in COlllmon and some different. A few facts seem to 
favour Ule possibility of their occasional transport by 
accidental means; like that of tho live fish not rarely 
dropped by whirlwinds in Indin, and the vitality of their 
ova when removed from the water. But I nm incliued 
to attribute- the dispersal of fresh-water fish mainly to 
slight changes within the reccnt period in tho level of 
the land, having caused rivers to flow into each other. 
Instanccs, also, could be given of this huying occurred 
during floods, without any chaugo of level. We have 
evidcllce in the loess of tho l~hille of considerable 
changcs of level in the lnlld within it very recent geo
logical period, and when the emfnce was peopled by 
existing land and frosh-water shells. The wide difference 
of the fish on opposite sides of continuous mountain
ranges, which from an early period mnst have parted 
river-systems and completely prevented their inoscnla
tion, seems to lead to this same conclusion. 'Vith 
respect to allied fresh-water fish occurring at very distant 
poil\ts of the world, no doubt there are many cases 
which CUllllot at present be explained; but some fresh
wator fish belong to very ancient forms, nnd in such 
caecs there will Laye been nmple time for great geo
graphical changes, and consequently time and mOiUlS 
for much migration. In the second place, Balt-wnter fish 
CAn with care be slowly accustomed to live in fresh 
water; and, a.ooording to Valenciennes, there is hardly 
a single group of fishes confined exclusively to fresh 
water, 80 that we may imagine that a mnrine member 
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of £I fresh-water group might !mvel far along the shores 
of the sea, and subsequently become modified and 
adapted to the freah waters of a distant land. 

Some species of freslHI'ater shells have a very wide 
range, and allied species wbicb, on my theory, are de
scended from a common parent, and must have pro
ceeded from a single source, prevail throughout the 
world. Their distribution at first perplexed me much, 
as their ova. are not likely to be transported by birds, 
and they are immediately killed by sea-water, as aro 
the adults. I could not even understand how some 
llaturalised species have rapidly spread tllroUghout the 
same country. But two facts, which I have observed 
-nnd no doubt many others remain to be observed
throw some light on this subject. When a duck sud
donlyemerges from a pond covered with duck-weed, I 
have twice seen these little plants Ildhel·ing to its back; 
and it has happened to me, in removing a little duck
weed from ono aqllarium to another, Umt I hll.ve quite 
unintentioOll.lly stocked the one with fresh-water shells 
from the other. But another agency is perhaps more 
effectual: I !!Uspended a duck's feet in an aquarium, 
where many ova of fresh-water shells were hatching; 
find I found that numbers of the extremely minnte and 
just-hatched shells crawled on the feet, und clung to 
them so firmly that wIlen taken out of the water they 
could not bo jarred off, though o.t a. somewhat more 
advanced age thoy would voluntarily drop off'. These 
just-hatched molluscs, though aquatic in their nature, 
survived on the duck's feet, in damp air, from twelve 
to twenty hours; nnd in this length of time a duck or 
heron might fly at lell8t six or seven hundred miles,and 
would bo sure to alight on a pool or rivulet, if blown 
across sen. to lin ocennic island or to any other distant 
point. Sir Charles Lyell also informs me that a Dytiscus 

x 2 
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1m.!! been caught with an Ancylus (a fresh-water shell 
like a limpet) firmly adhering to it; and n wnter-beetle 
of the same family, a Colymbetes, once flell' all board 
the' Beagle,' when forty-five miles distant from the 
nearest land: how much furlher it might have flown 
witb a favouring gale no aile cun tell. 

With respect to lllallbl, it has long been known what 
ellormou'l ranges many fresh-water, and even marsh
species, have, both over contincnts nnd to the most 
remote oceanic islands. :I"his is strikingly shown, as 
remarked by Alph. de CsndolIe, in large groups of 
terrestrial plants, which have only a vcry few aquatic 
members; for these latter seem immediately to acquire, 
as if in consequence, a very wide range. I think favour
able means of dispersal explait\ this fact, I have before 
mentioned that earth occasionally, thongh rarely, nel
heres in some quantity to the feet and beaks of birds. 
Wading birds, which froq\wl\t tho muddy edges of 
ponds, if sudden ly flushed, would be the most likely to 
have muddy foot. Birds of this order, I call show, are 
the groatcst wanderers, and are occasionally found all 
the most remote and barren islands in the open ocean; 
they would not be likely to alight on the snrface of the 
sea, so that the dirt would not be wllBhcd off their feet; 
and when making land, they would be sure to fly to 
their natural fresh-water hannts. I do 110t beliel'e that 
botanists are aware how charged the mud of ponds is 
with seeds: I have tried Bel'emI little experiments, but 
will here give only the most striking case: I took in 
February three table-spoonfuls of mud from three dif
ferent points, beneath water, 011 the edge of a little 
pond; tllis mud when dry weighed only Ot ounces; I 
kcpt it eovered np ill my stndy for SL",{ months, pulling 
up and counting each plant as it grew; the plants were 
of many kinds, aud were altogether 537 in number; 
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Rnd yet the viscid mnel was all contained in a breakfast 
Clip I Considering theso fnets, I think it would be an 
inexplicable ciremnsUlnoo if watcr-birds did not trans
port the seeds of fresh-water plants to V/.\lst distanc<!8, 
and if consequently the mnge of thcse plallts was not 
\'cry great. The snme agency may hU\'e come into 
play with the cggs of some of the smnllcr fresh,water 
animals. 

Other and unknown agencies probably have also 
I'luyed a part. J hM'e sUIted tfult freah-water fish cat 
!lOme kinds of seeds, though they reject many other 
kinds after having swallowed them; (l\'cn !:mall fish 
8111\1101v seeds of moderate size, 8S of the yellow water
lily a.ud Potamogcton. Herons and otller bini", century 
after century, hare gone on daily del'ouring fish; they 
then Ulke flight and go to other waters, or are blowll 
across the SOil.; nnd we have seen that seeds retain their 
power of germination, when rejected in pcllclil or in 
excrement, many hours nfterwards. When 1 saw Ole 
great size of the seeds of that fino water.lily, the 
Kclumbium, and remembered Alph. do Candolle's r.,:. 

marks on this plnnt) I thought tllIl.t its distribution mu..;t 
remain quito inexplieable; but Audubon states that he 
found the seeds of tIle great southem water-lily (pro
Lably,according to Dr. ilooker, the Nchlmbium luteum) 
in 8. heron's stomach; nlthough I do not know the fact, 
yet. nnalogy mnkes me believe that IL heron fl);ng to 
auother pond a.ud getting a hearty meal of flsh, would 
probo.bly reject from its stoI1lll.eh a pellet contain.ing 
tllO 8C(.'<is of the Nclumbium undigested; or the 800<18 
might be dropped by tho bird whilst feeding its young, 
in the same way ns fish are known som(Jtimcs to be 
dropped. 

In considering these scveral mooU! of distributiun, 
it should be fCmembered thut when a pond or stream 
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is Hret formed, for instonce, on " rising islet, it will be 
unoccupied; and a single 80Cld or egg will have.ll. good 
chance of succeeding. Although there will alwaYI be 
a struggle for Life between tho indi,·idua)s of the speciee. 
however few, already occupying any poud, yet, lUI the 
number of kinds is email, compared with those on 
the lond, tho competition will probably bo 10.\111 se~'cre 
between aquatic than between terrestrial species; con· 
ecquently an intruder from the waters of a foreign 
country, would have a bQttcr chanoo of seizing on a 
place. than in the cnse of terrestrial colon~ ". e 
should also remember that some, pcrhapa many, fresh· 
water productions 01'0 low ill tho scale of n.ature, and 
that "'0 haye reaaoD to believo that luch low beings 
change or become modified Icsa quickly than the high; 
and this will give longer timo than the a,'eragEI for the
migration of the same aquotic 8[ICCics. Wo should lIot 
fotl,ret the llrobabiJjty uf lIlany siwes having formerly 
rangod &8 continuously os fresh-water productions ever 
can range, over immclUle areas, and haloing 8ubllequently 
become 6%tinc~ in intermediate regions. But the wide 
distribution of fresh-water plants and of tbe lower 
animaLa, whether retuining the Mme i(iellticnl form 
or in flOmo dogroo modifiod, I beliove mainly depends 
on tho wide dispersal of tbeir IIOOda and eggs by animal8, 
more especially by frcdh-water birds, which hal'e large 
powers of iligbt, and naturally travel from Olle to an
otber and oflcn distant piece of water. Nature, like 
a careful gnniener, tbull takes her seedB from a bed of 
a particular llature, aud drope them in another equally 
well fitted for them. 

011 the InhabUanu of Octanie I.laJllu. 

We now come to the last oCthe three cll\88C8 of facts, 
which I bavo selected os presenting the greatest amount 
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of difficulty, on ille "iew that all the ind ividuals both 
of the rome and of allied species have desccnded from a 
single parent; and thCl'('fore have nU procccdod from 
0. oommon birthplacc, notwithstanding tl18t in the course 
o( time they ha"e oome to inhabit distant poiuts of the 
globe. I haYe, already stated that I caullot honestly 
admit Forbes's view on continental cJ:tcusions, which, 
jf lcgitimately (ollowed out, would lead to the belief 
that within the recent period all existing islands have 
becn nearly or quite joined to BOrne continent. This 
view would remO\'e mauy difficulties, but it would not 
explain all the facts ill regard to illBUiar produclioOB. 
In the following remarks I slla11 not confine myself to 
the mere question of dispersal; but shall consider some 
other facts, which bear on the truth o( the two theories 
of independeut crention nnd o( desceut witb modi· 
/leation. 

The species of 11.11 kinds ,,-hich inhabit occanit' i!;llands 
are (ew in number compared with those on equal eonti· 
nental o.rcas: Alph. de Cannolle admits this for plants, 
and Wollaston (or insecta. New Zealand, for instanct', 
with its lorty mountains and di,·eraificd statiou8, ex
tending ovcr 780 miles of latitude, together with the 
outlying islnn<ls of Aueklnlld, Campbell, and Chatham, 
contain altogether ouly 060 kinds of flowering plants j 
if we compare this modem1e number with the species 
which swe.rm over equal areas in 8Outh-wCI>tern Aus
tralia or at the Cape or Good Hope, we must admit 
that something quite independently of nny djfferenoo 
in physical conditions bas caused 80 grent a dif
fercnce in number. Even the uniform county of 
Cambridge has 8-17 plants, and the little island of 
AnglC8C1I. 764, but a few fCrDB and a few introduced 
plants are included in these numbers, and the com
parison in some other respects is not quite fair. We 
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have evidence that the barren island of Ascension 
aboriginally possessed less than hn.lf·n'"<lozen flowering 
plants; yet many have now become nnturolisod on it, 
M they have Oll New Zealand and on e'-ery other 
oceanic island which cnn be named. In Sf. Helena 
there is reason to believe that the naturalised plants 
and animals have nearly or quite cxtcnninnted many 
native prodnctiona. lie who admits the doctrine of the 
creation of each separnte species, will have to admit 
that a sufficient number of the best adapted plants and 
auimals were not created on oceanic islands; for man 
hlU unintentionally stocked them from "arious sources 
far more fully and perfectly than did ullture. 

AlthOllgh in oceanic islands the number of the inha.
bitants is scanty in kind, the proportion of endemic 
species (i.I, thOfle found nowhere else in the world) is 
often extremely large. If we compare, for instanct', the 
numoor of the eudemic land-shells in Madeira, or of 
the endemic birds in the Galapagos Archipelago, with 
the Dumber found on any continent, and then compare 
the area of the islands with that of the continent, wo 
shall 800 that this is true. ThiB fact might I!fIXe 
becn expected on my theory, for, lIS alrendy explained, 
epeeiee OC{'/Ulionally arriving after long intermla of time 
in a new and isolated district, and ha\'ing to compete 
with Dew associates, will be eminently liable to modi· 
fication, and will often produce groups of modified 
descendrmts. But it by no means follows that, because 
in an island nearly all the epooics of ono class are 
peculiar, those of another class, or of another scction of 
tho same class, am peculiar; and tbis difference seems 
to depend partly on tho epecioe which do not booome 
modified having immigrated with facility and in a body, 
so that their mutual relations hal-o Dot been much 
disturbed; and partly on the frequont arrival of nn· 
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modified immigrants from the mother-country, and tJJe 
consequent intercrossing with them. WitJI respect to 
the effects of this intercrossing, it should be remem
ber<;<{ that the offspring of such crosses would almost 
certainly gain in vigour; SO that even an occasional 
cross would produce morc effect than might at first be 
anticipated. '1'0 give n few examples: in the Galapagos 
Islands there are 26 land-birds; of these 21 (or perhaps 
23) are peculiar, wherellll of the 11 marine birds only 2 
are peeuliar; and it is obvious that marine birds could 
arri\'e at these islands more easily tban land-birds. 
Bermuda, Oil the other haud, which lies at about tbo 
same distance from North America as the Galapagos 
Islands do from &uth America, and which has a very 
peculiar soil, does not possess one endemic land-bird; 
and we know from Mr. J. M. J ones's admirable account 
of Bermuda, that very many North American birds 
occasionally visit this island. Almost every year, as 
I am informed by Mr. E. Y. Harcourt, many European 
find African birds are blown to Madei1'll; this island is 
inhabited by 99 kinds, of which one aloM is peculiar, 
though very closely related to a European fonn; and 
throe or four otJler Bpe<'ies aro confined to this island 
and to tho Canaries. So that the two islands of Ber
muda and Madeira havo been stocked by birds, which 
for long ages have struggled together in their former 
homes, and hM'o become mutually adapted to oach 
other; and when settled in tileir now homes, eaeh J..ind 
will havo been kept by the otheNl to its proper placo 
and habits, and will consequently have been little liable 
to modification. Any tendency to modification will also 
hBl'e been chocked by intercrOSBing with the unmodified 
immigmnts from the mother-cOlllltry. Madeim again is 
inhabited by a wonderful number of peculiar land·shells, 
whereas not ono speeies of sea-shell is peculiar to its 
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shores: now, though we do not know bow sea-shells are 
dispersed, yet we can see that their eggs or larvre, 
perhap9 attached to seaweed or floating limber, or to 
the fcet of wading-birds, might be transported far morn 
easily than land.ghells. across three or four hundred 
miles of open sea. The different orders of insects in 
Madeira. apparently present aualogollS facts. 

Oceanic islands are sometimes deficient in animals 
of certain whole classes, and their places are occupied 
by animals belonging to other classes j thug in the 
Galapagos Islands reptiles, and in New Zealand gigan
tic wingless birds, take the place of mammals. Al
tbough New Zealand is here spoken of ail an oceanic 
island, it is in somo degree doubtful whether it should 
be 80 mnkoo.; it is of large sizo, and is not separated 
from Australia by a profoundly doep sea: from its 
geological character and the direction of its mountaill
ranges, the Rev. W. B. Clarke has lately maint.ained 
that this island, tUl well as New Caledonia, should be 
considered as appurtenancCl! of Australia. In the plants 
of the Galapagos Islands. Dr. Hooker has !;hown that 
the proportiotlll.l numbers of the different ordel"il are 
very different from what they are elsewhere. All BUch 

cases are generally accounted for by tbe physical condi
tions of the islands; but Ow explanation is not a little 
doubtful. Facility of immigration seems to have been 
at least t1i important tUl the nature of the conditiollB. 

Many remarkable little facts could be given with 
respect to the inhabitants of remote islands. For ill-
8tanco, ill certain islands not tenanted by mammals, 
lOme of the endemic plants have beantifully hooked 
seeds; yet few relationB are more striking than the 
adaptation of hooked seeds for transportal by the wool 
and fur of quadrupeds. This CfI.B(j presents DO difficulty 
on my view, for a hooked seed might be transportod to 
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Il.n island by some otber mCll.llS; and the plaut then 
becoming slightly modified, but still retaining its hooked 
seeds, would form an endemic specjes, having 88 useless 
an appal<lao"C aB any rudimentary organ,-for instance, 
IlB the shri\'elled wings under the soldered elytm of 
mllny insular beotles. Again, islands often posscae trees 
or bushes belonging to orders which elsewhere include 
only herbaceous species; now trees, as Alph. de CaI!
dolle has Bhowu, generally have, whate,'er the calISe 
lllay be, confined ranges. nonce trees would be little 
likely to rOllch distant oceanic islands; ami lln herb
acoou~ plaut, though it might havo no chanco of suc
ceBsfully competing on 0. continent with many fully 
developed trees, when established on an island and 
ha"ing to compete with herbaceous plants alone, might 
readily gain an advllntage over them by growing taller 
alld overtopping them. If so, Ilatural selection would 
often tend to add to the Btaturo of hcrbllCCOus plants 
when growing on oceanic iBlands, to whatever order they 
belonged, and thus convert them first into I"uahes and 
ultimately into trees. 

Ahsence of Batracltians and Terratrial Mammals <m 

Oceanic I8lands. 

With respect to the absence of whole orders on 
oceanic islands, 130ry St.. Vincent long ago remarked 
that Batrachialls (frogs, toads, newts) have nover been 
found on any of the IUfUly islunds with which tho great 
occnns are studclod. I havo takcn pains to verify tll.is 
assertion, and hnve found it strictly true, with the ex
ception of New Zealand, of the Andaman Islands, and 
perhaps of the Salomon Islanda. But I have o.1ready 
reW1\rked that it is doubtful whether .New Zealand 
ought to be classed as an oceanic island; and this is 
still more doubtful with respect to the AndnUllln and 
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Salomon groups. This general absence of frogs, toads, 
and ne'>'1& OD 80 many occanic islands cannot be ac
counted for by their phy!rical conditions; indeed it 
seems tlUlt islands are poouliarly well fitted for thaso 
animals; for frogs have boon introduced into Madeira, 
the Azores, and :\Io.uritius, and have multiplied so !l8 

to become a nuisance. But 88 theso animals and their 
spawn nrc known to be immediately killed by sea-water, 
thero would be great difficulty in their transportal acf'Ofl8 
the sea, and therefore on my view we can St.'C why they 
do not exist on any oceanic island. But why, on the 
theory of creation, thoy should !lot have been ereated 
there, it would be very difficult to explain. 

Mammnls offer another and similar case. I have 
carefully searched the oldest yerages, but ha,"e not 
finished my search; as yet I have not found a, single 
instance, free from doubt, of a terrestrial mammal 
(excluding domesticated animals kept by tl10 natives) 
inhabiting an island situated above 300 miles from a 
continent or great continelltal island; and many i,:;louds 
situated at a much less distance are equally oorren, 
'1'ho Falkland Islands, which IU'(l inhabited by a wolf
like fox, como nearest to an oxception; but tllis group 
cannot be considered l\.S oceanic, l\.S it lies on a bank 
connected with the mainland, distant from it about 
280 miles; moreover, icebergs formerly brought bout· 
ders to its western shores, and they mlly hll"o fonnerly 
trallsported foxes, as 80 frequently !lOW happells in the 
arctic regiolls. Yet it cannot be snid that small islands 
wi ll not !'Cupport small mammals, for they occur in mnny 
parts of Ule world on "cry small islands, if close to 
a continent; and hardly fln island ctln be named on 
which Ollr smaller quadrupeds have 1l0t become Datural· 
ised and greatly multiplied. It Cllnllot be said, on tho 
ordinary view of creation, that there has not been time 
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for the creation of mammals; many volcanic islands 
are sllfficiently ancient, us shown by tho stupendons 
degr(Ldation which tlleY have suffered, and by their 
tertiary strata: thero has also been time for the pro
duction of endemic species belonging to otber classes; 
and on continents it is known that mammals appear 
and disappear at II. quicker rate than other and lower 
animals. 'l'hongh terrestrial mammals do 1I0t occur on 
oceauic islands, aerial mammals do OCCIII' on almost 
cvery island. New Zealand possesses two buts found 
nowhere else in the world; Norfolk Island, the Viti 
Archipelago, the Bonin Islands, the Caroline [Jod Mari
allno Archipelagoes, and Mauritius, all posseSi> their 
peculiar bats. Why. it may be asked, has the supposed 
creative force produced batl'! and no other mammals on 
remote islands? On my ,jew this q\l(~stiOll can easily 
be answered; fat' no terrestriulmammal can be trans
ported neross a wide space of sea, but buts c..'1n fly 
across. Bats ha\'e bec1I seen wandering by day far over 
tho Atlantic Occan; amI two North American species 
eithor regularly or occasionally visit Bcnnudll, at the 
distance of 600 miles from the mainland I hear from 
Mr. Tomes, who hIlS specially studied this fumily, that 
many of the same species have enormous ranges, and 
aro found 011 eontincnta and on fa!' distant islands. 
Hence we have only to SIIppose tlll\t such wandering 
species have been modified through natural selection 
in their llew homes in relation to their new position, 
and we can understand the presenee of endemic buts on 
islands, with the absence of all terrestrial mammals. 

Besides the absenco of terrestrial mllmmals ill rela
tion to the remoteness of islands from continents, thero 
is also a relatiou to n certain ex.tent independent of 
distance, between tho depth of the sea separating an 
island from the neighooming mninlolld, and the pre-
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sence in both of the SlLlne mammiferous species or 
of allied species in a more or less modified condition. 
Mr. Windsor Earl has made some striking observatioll8 
on this bead, since fully confirmed by I1Ir. Wallace's 
admirable researches, in regard t.o the great Malay 
Archipelago, which is traversed near Celebes by a space 
of deep ocean; and this space separates two widely dis
tinct mammalian faunas. On either side the islands are 
situated on moderately deep submarine banks, and they 
are inhabited by closely allied or identical quadrupeda. 
I ha\'e not as yet had time to follow np this subject ill 
all other quarters of the world; but as far as I have 
gone, the relation generally holds good. We see Britain 
separated by a shallow channel from Europe, and the 
lllammals are the same on both sides; we meet with 
analogous facts on many islands separated by similar 
channels from Australia. 'fbe'Vest Indian Islands stand 
on a deeply SUbm(H'ged bank, nearly 1000 fathoms in 
depth, and here we find American forms, bnt the species 
and even the genera are distinct.. As the amount of 
modification in all cases depends to a certain degree 
on the lapse of time, aud as during changes of level 
it is obvious that islands separated by shallow chan
Ilels arc more likely to have been continuously united 
within a recellt period to the mainland tLmn islands 
separated by deeper channels, we enn understand the 

• freqnent relation between the dellth of the sea. amI 
the degree of affinity of the mammalian inhabitants of 
islands with those of a neighbouring continent,-an 
inexplicable relatiou on the "iew of independent acts 
ofercation. 

All the foregoing remarks ou the iulULbitants of 
oceanic isiands,-namcly. the scarcity of kinds,-the 
richness in endemic ionna in parti.cular classes or sec· 
tiOIlS of elasses.-tbe absence of whole groups. 88 of 
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batrn.chians nnd of terrestrial mammals notwithstanding 
the presence of aerial bats,-tbe singular proportions of 
certain orders of plants,-berbar-eous fonns having been 
developed iuto trees, &c.,-seem to me to accord better 
with tho view of occasional means of tro.nsport baving 
been largely efficient ill the long course of time than 
with tho view of all our oceauic islands having been 
formerly connected by continuous land with the Dearest 
coutinent; for on tbis latter view the migration would 
probably ha.ve been more complete; and if modification 
be admitted, aU the fOnllil of life would have been more 
equally modified, in accordance with the paramount im
portanco of the relation of organism to organism. 

I do Dot deny that there are many and serions diffi
culties in understanding how several of the inhabitants 
of the more remote islands, wbethor still retaining the 
same specific fOfm or modified &11Oe their arrival, could 
have·reuched their present homes. But tho lll'obability 
of many islands baving existed as hnlting-places, of 
which not a ,",wck now remains, must not be over
looked. I wiil here give a. single instance of one of 
the cases of difficulty. Almost all occll.llic islands, 
even the most isolated and smallest, are inhabited by 
land-sbells, generally by endem.ic species, but sometimes 
by species found elsewhere. Dr. Aug. A. Gould has 
gh'en several interesting cases in regard to the land
shells of ilie islands of the Pacific. Now it is notorious 
that land·shells are very easily killed by snit; their 
eggs, at least such as I have tried, sink in sell-water, 
and arc killed by it. Yet thero must be, on my view, 
some unknown, but highly eftlcient meaus for their 
transportal. Would the just-hatched young occasionally 
crawl on and adhere to the feet of birds roosting ou tbe 
ground, and thllil get transported? It occurred to 
me that lalld-shellB, wLen hyberullting and hoxing a 
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membranOllB diaphragm over the mouth of the shell, 
might be floated in chinks of drifted timber across 
moderately wide arms of the sen. And I found that 
soverol species did in this state withstand uninjured an 
immersion in sea-water during so\'en days: one of these 
shells W[lS tho Helix pomatill, and after it had again 
hybcrnate{l I put it into sea-water for twenty days, and 
it perfectly recovered. During this length of time it 
might hare been carried by a marine current, running 
at all a\'erage rate, to a distance of 660 geographical 
miles. As this llelix has a thick calcareous operculum, 
I remm'ed it, and when it had formed a DOW mom
brallous one, I again immersro it for fonrleen days in 
sea-water, and it recovered and crawled away. Baron 
Aucnpitaino has recently tried similar experiments: he 
placed 100 land-shells, belonging to ten spcci~, ill a 
box pierced with holes, and immersed it for a fortnight 
ill the soa. Out of the hundred shells, twenty-seven 
reco,·crcd. '1'he presence of an operculum SCCIIlB to 
have beeu of importilDce, tlB ont of twel\'e specimens 
of Cyclostoma elegalls, which is thus furnished, eleven 
re,·j\'ed. It is remarkable, seeing how well llelix 
pomaHa with me resisted the salt-water, that not one 
out of fifty-four specimens belonging to fonr species of 
llclix tried by Aucnpitaine, recovered. 

O,l tlu Relation, of tlu Inhabitant, of I,lancU to tlwBe of 
tile neared Mainland. 

The most striking and important fact for us in regard 
to islandB, is tho affinity of tlleir inhabitallls to those 
'of the nearest mainland, withont being actuaUy the 
same species. K umerollil instances could be given of 
this law. I will gl,"e only one, that of the GalnpllgoB 
Archipelago, situated under the equator, between 500 
Ilnd 600 miles from the shores of South .\meriCIl. Here 
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ulmoat every product of the land lind water bears the 
Illlmistakcuble smmp of the American CQIlUllent. 'l'here 
are twenty-six_ land-birds, and twenty-onc, or, perhaps, 
twenty-three, of these are mnked as distinct species, 
and are snpposed to luwo been created hero; yet tlle 
close affinity of most of these birds to American spcdes 
ill every character, ill their hnbits, gestnres, end tones 
of voice, wus llllLnifest. So it is with the other allimnl~ 
nnd with a large proportion of the plants, as shown by 
Dr. Hooker in his admirable Flora of this a,·ehipelago. 
The naturalist, looking at the inhabitAnts of these vol
canic islands ill tho Pucific, distant severnl Illlndred 
miles f.rom the continent, yet feels that he is staudingon 
American land. Why should this be 80? why should 
the epec.ies which are supposed to have been created in 
the Galapagos Archipelago, and llowhero else, bear so 
llhLin a etallip of affinity to those created in America? 
'1'hore is nothing in the conditions of life, in the geo
logicnl nature of tho isll1nds, in their height or climate, 
or in the proportions in which the seveml cla...'<SCs are 
associated together, which resembles closely the con
ditions of the South .A merican coost: in fact, there is 
a considerable dissimilarity in all thasc respoets. On 
the other lmnd, there is a considerable degt·ce of re
semblance in the volcanic llature of .the soil, in the 
climate, beight, and size of the islands, between the 
Galapagos and Calle de Yerde Archipelagoes: but what 
an entire and absoluto "<lifference in tbeir inhabitants! 
The inhabitants of the Cape de Verde Islands are 
rein ted to those of Africa, like those of tho Galapagos 
to America. I believe Ulis grand fact can receive no 
sort of explanation on the ordinary view of independent 
creation; whereas on tllO view here maintaincd, it is 
obvious that the Galapngos Islands would be likely to 
receive colonists, wllether by occasional means of trans. 
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port or by formerly contimlOus land, from America; 
and the Cape de Verde Islands from Africa; nnd tJlat 
such colonists would be liable to modification i-the 
principle of inheritance still betraying their original 
birthplace. 

Many annlogous fncts could be given; indeed it is an 
almost universal rule that the endemic productions of 
islands are related to those of the nearest continent, or 
of other near islands. 'fhe exceptions are few, and 
most of them can be explained. 'fhus the plants of 
Kerguelen Land, though standing nearer to Africa than 
to America, are related, and that very closely, 88 we 
know from Dr. Rooker's account, to tbose of America ; 
but on the view tbat this island hllB been mainly stocked 
by seeds brought with earth and stones on icebergs, 
drifted by tile prevailing cnrrents, this anomaly dis
appears. New Zealand in its endemic viants is mnch 
more closely related to Australia, the nearest mainland, 
than to any othcr regiun; Rnd this is what might have 
been expected; but it is also plainly related to South 
America, which, altllOugh the next nearest continent, 
is so enormously remote, that the fact becomes an 
anomaly. But this dimculty almost disappears on the 
view that New Zealand, South America, and other 
southern lands were long ago partially stocked from a 
nearly intermediate though distant point, namely from 
the antarctic islands, when they wero clothed with 
vegetation, before the commencement of the Glacial 
period. 'rho affinity, which, though feeble, I am assured 
by Dr. Hooker is real, between the flora of the south
western corner of Austrnlia and of tho Capo of Good 
Hope, is a far more remarkahle case, and is at present 
inellOplieahle; but this affinity is confined to tho plants, 
and will, no doubt, be some day explained. 

'l'he law which causes the inhabitants of an archi-
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pelago, though specifically distinct, to be e108cly allied 
to thoee of tho nearest continent, we sometimea see 
dial)layed ou a. small sca1e, yet in II. moet interesting 
manner, within the limits of the some archipelago. 
Thus tho ecverul islands of tho Galapagos Archipelago 
arc tenanted, as I have elsewhere shown, in II. quite 
marvellous manner, by "ery e1Of1ely related species; 
110 that tho inhabitants of each 8Cparnto island, though 
mostly distinct, are related in an incomparably closer 
degree to each other than to tho inhabitants of auy 
other part of the world. And this is just "hat might 
have been expected on my view, for the islands are 
aitunted 80 near eaeh other that thoy would almost 
certainly roooh'e immigrants from the same original 
source, or from each other. But this diJ:ll:'imilarity 
between tJ10 endemio inhabitants of tho ialands may 
be used Il.B an argument against my viows; for it may 
be fl.8ked how lifl8 it happened in tho severol wauds 
situated within &ight of each oUler, llaving tho same 
geological nature, tho same height, climate, l~C., that 
many of tho immigrants should ha"o been dilTcrently 
modified, though only in a small degree? Tbis long 
appeared to me II. great difficulty: but it arillC8 in 
('bief part from tho dct'!plr-seated error of considerl'ng 
tho physieal conditions of a country as tho JOost im
portant for its inhabitants; wbercas it CQnnot, I think, 
be disputoo that tJle nature of tho other inhabitants 
with which cach bas to compete, is at least as impor
tant-, and gcnerolly a far more importallt element of 
IUcceSS. Now if we look to th08e inhabitants of the 
Oalalmgos Archipelugo which are found in other }mrt8 
of the world (laying on oue lido for the moment the 
endemic specice, which cannot be here fairly induded, 
as we are considering how tbey ha"e come to be modi
Sed linco their arrival), we find a coruJderablo amount 
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of difference in the several islands. This difference 
might indeed have been expected on the ,·iew of the 
islands having been stocked by occasional means of 
trfUlsport--a seed, for instance, of one plant haying 
been brought to one island, and that of anoUl(~r plant 
to nnother island. JIence, when in former times nn 
immigrant settled on anyone or more of the islands, or 
when it subsequently spread from one island to another, 
it would undoubtedly be exposed to different conditions 
of life in the different islands, for it wonld have to 
compete with different sets of organisms: a plant, for 
instance, would find the best-litted ground more per
fectly occupied by distinct plants in ono island than 
in another, and it would be exposed to the attacks of 
somewhat differeut enemies. If then it mried, Ilatural 
selection would probably f(wour different varieties in 
the different islands. Some species, howE-wer, might 
spread and yet retain the sarno charactcr throughout 
the group, just as we seo on eontiuents some spedes 
spreading widcly and remaining the same. 

The really surprising fact in this case of the Gala
pagos Archipelago, and in a lesser degree in somo 
analogous instances, is that the Ilew species formed in 
the separate islands have not quickly spread to the other 
islands. Bnt tho islauds, tllOUgh in sight of each other, 
are separated by deep arms of the sea, in most cases 
wider than the British Channel, and there is no reason 
to suppose that t110Y have at any former period been 
coutinllously united. The currents of the sea arc rapid 
Illld sweep aeross the archipel~"O, and gales of wind 
nre extraordinarily rare; 80 that tIle islands are far 
more effectually separated from each other than they 
appear to be on a map. Neyertheless some of the 
species, both thoso found in other parts of the world 
and those coufinoo to tho archipelago, are common to 
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tIle several islnn<ls, and we may infer from certain 
facts that thcso ha\'e probably spread from one island 
to the otheJ1l. But we often tak~, I think, an erro
DOOU! view of the probability of c1oseIY·Rlliod species 
iumding each other's territory, when put into free inter
communiCRtioll. Undoubtedly, if ouo species hus any 
admntage whatever OWlr another, it will in a very brief 
time wholly or in part supplant it; but if both are 
equally weU fitted for their own places in nature, both 
probably will hold their own pllLCCll and keep 8Cpo.rate 
for almost any length of time. Being fAmiliAr with 
tho fact that many spocies, naturnlised tllroush lUan's 
agency. have slJMmd with astonishing rapidity over new 
roulltries, wo are apt to infer that mo:;t sJX'Cics would 
tllll3 spread; but wo should remember that the fonns 
~'hieh become nnturnli;;ed in new countries are not 
generally closely ~llied to the aboriginal inhabitants, 
but are "ery distinct species, l>clonging in a large pro
portion of cases, 1\9 shown by Alph. de Candolle, to 
diitinct genera. In the Galapagos Archipelago, many 
t\'cn of the birds, though 80 well adapted for flying 
from island to island, are distinct on each; thus there 
are three closely-allied species of mocking-thrush, el\('h 
confined to its own hiland. Now let us 8UPI"lOSe the 
mfX'king.thIU:;h of Chatham hland to be blown to 
Charles Island, which has its Ol\'n mocking-thrnl!.h; why 
should it succeed illl.'stabfuhlng itself there? We may 
Mfdy infer that Charles Island is well stockl'd with 
its own species. for annually moro cgbS are laid there 
than can po8tlibly be reared; and wo may infer that 
Ih.> mocking.thrnsh peculiar to Charles Island is at least 
u well fitted for iu borne as is the spedes peculiar to 
Chatham Island. Sir C. Lyell and inr, Wollaston ha\'e 
commuuicatc<i to ms a remarkablo fact. bearing on this 
subject; namely, thnt Madeira nud the adjoining islet 
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of Porto Santo 1)()88CS8 many distinct but representati"e 
Innd-shells, IlOme of wh ich live in crevic(l8 of stone; and 
altbJ)ugh large quantities of stone are annually tmns· 
ported from Porto Santo to Madeim, yet this laUer 
island hag not become colonisW by tbe Porto Santo 
species: ncverthel(f;S both islands bnvc been ooloniscd 
by IlOme European land.shells, which 110 doubt bad IlOmo 
advantage over tho indigenous species. From these 
considerations I tIl ink we need not greatly marvel at 
the endemic and representative species, which inhabit 
tLe several islands of tho Galapagos Archipelago. not 
ha'f'ing nni,-ersally spread from island to island. In 
many other instanc(l8, as in the several districts of the 
same continent, pre-oecupation hM prooobly played an 
important part in cllocking the commingling of 8pCCies 
under the same conditions of life. 'l'hus, the south-enst 
and south·west corners of Au~tralia have ncarly the 
!lD.me phylrieal conditions, and aro united by continuous 
laud, yet they am inhabited by a vast number of distinct 
mammals, birds, and plants. 

Tho principlo which determines tho genem! character 
of the fauna and flora. of oceanic islands, namely, that 
the inhabitants, when not identically tho same, yet are 
plainly rclnted to the inhabitanla of that region whence 
colonista could most readily havo been dcrivoo,-the 
oolonists having been subsequently modified and bettcr 
fitted to their !lew homes,-is or tho widest applica
tion throughout nature. We see this on every moun· 
tain, in every lako and marsll. For Alpine specia, 
excepting in 80 far ail the same forms, chiefly of plants, 
have spread widely throughout tllO world during tho 
recent Glacial epoch, are related to those of the sur· 
rounding lowlands ;-tbus we ham in South America, 
Alpine bumming-birds, Alpine rodents, Alpine planta, 
&c., all strictly of American forms; and it is obvious 
that a mountain, as it became slowly uphoo'f'ed, would 
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be rolonisOO from the surrounding lowlands. So it is 
with the inhabitants of lakes and ffiarshl!fl, excepting in 
80 far 88 gt'('at fncility of transport has allowed the samo 
freslHmtcr Ilrodurtions to prevail throughout the world. 
We 800 tllis samo principle in the character of most of 
tho blind animals iuhabiting the CIll'CII of Amcrica and 
of Europc. Othcr Rnalogous facts could be given. And 
it will, 1 believe, be nniycrsnlly found trnc, that wher
ever in two regions, let them be evcr 80 distant, many 
c1oeely-al1ied or t('pteACutati¥e sfX!Cies OCCur, there will 
likewise be found some identiral .!IJloeies, showing, in 
accordance with the foregoing "iews, that at Jl(.Ime former 
period there has been intercommunication or migration 
betwcen Ole two tt'gions. And wherever many c1o.;ely
allied spocil!fl occur, there will be fouud many forms 
which some natumlbts rank as distinct spocil'll, aud 
HOInO as mere mrieties; theso doubHul forms showing 
us the stepe ill tho progress of modifieation. 

This relatioll between tho power nnd extent of migra
tion in a species, either at tho Pre&'ut time or at some 
fonner period nuder different phY5icai conditions, and 
the e:xisten<'O at remote points of the world of other 
species allied to it, iii shown iu another and more 
general wny. Mr. Gould remarked to IIlO long ago, tlmt 
in those genera of bird3 which range O\'er tho world, 
Wilily of tho species have Ycry wide mllgc.~. I can 
hanlly donut that thi.s rule is genenilly true, though 
it would be difficult to ptOYO it. Among'llt mnmmals, 
we see it strikingly displayed in Dat.~, alld in a lesser 
degree i~ the !o'elidm and Cunidoo. We Reo it, if we 
compote the distribution of butter[iiC8 Bud beetles. So 
it iii with moo fresh-water productioll8, in which 80 

many genera rallgeo\'er the world, aud many indi"idual 
lpcci"l1 IIn\'o enonuollil ranges. It is not meant that all 
the species ill world·ranging genera, but that some of 
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tllCm, range yory widely, Nor is it meant that tho 
species luwo on an averago Il. very wide range j for this 
will largely depend on how far tho prooes;; of modifica
tion has gone; for instance, two varieties of the srune 
species inhabit A merica and Europe, and the species 
thug hM an immen80 range; but, if the variation had 
been carried a little further, tho two 'l'"arieties wou1d 
havo ~n ranked as distinct species, ond the range 
would h,'we been greatly reduced. Still less is it meant, 
that a spc<'ie8 which apparently has the capacity of 
('rossing oorriere and mnging widely, as in tho case of 
ecrtain powerfully-winged birds, will necessarily range 
widely; for we should never forget that to rauge widely 
implies 1I0t only the power of crossing oorriers, bllt the 
more important power of being Yictorious in disumt 
lrlllds in the stnlggle for life with foreign associates. 
But Oil tllO "iow of all tho species of a genus ha\'ing 
dl'SCendcd from a singlo parent, though uow distributed 
at tho most !'l'mota points of tho worl'l, we ought to 
fillrl, and I believo as a geneml rule we do find, that 
BOrne at lenst of the species mnge very widely; for it 
is necessary that the unmodified parent should lune 
ranged widely, undergoing modifieatiOIl during its dif
fusion, and should have placed itself under diverse con
(lit ions favourablo for the conversion of its offspring, 
first into new \'nrietics and ultimately into new spcciCf!. 

In rousidering the wide distribution of certain ge
nem, we should bear in mind that some of them are 
extremely nndent) and that their species will ha\'e 
branched off from a eommOll progenitor at a remote 
epoch; so that in these cases there will haye been 
ample timo for great climatal and geographical changes 
and for a{'(!idents of tmnsporl; consequently foJr the 
migration of some of the species into 1111 quarters of thl! 
world, where they will have become slightly modified 
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in relation to thcir ncw conditions. 'l'herc ill, also, 
k>llle reason to bl>licvc from geological evidf'll('6 that 
organisms low in the scale within each gt"{'8t class, 
~'n"rally change at a slower mte than tho higher 
forms; consequently the lower forms will hnye had Il 

hetter chnnce of muging widcly nnd of still r('tnining 
thf:l Mrne lIpt'<!iflo charnct('r. This fact, tog<'thcr with 
till' 8t'eds and ~ of many low forms hE-ing vcry 
millute and lK·ttrr fitted fllr distant tra.nsportation, pro
bably aocount8 for" la.w whieh Iw long been obecrved, 
and which hl\B Intely been admirably diSCIlSSL'C1 by Alph. 
de Candollo in rcgllt'll to pin ute, nnmely. that the "'wcr 
lilly group of organiRlDs is, tho mure widely it ill apt fll 
range_ 

'11lf' relations justt.iisc1lS.'!ll:.'d.-namf'ly, low and IIlowly. 
changing organisms mnging more widely than tho high. 
-@Orne of tllO species of widely-ranging g<'n('ra them
fl('h-cs ranging willcly,--8udl filCh, as alpine, lootl&
trin!'. and marsh l)roductionl being related (with the 
f'1('('ptiollS before specified) to thoee on th~ aurround
ing low lal\(l~ ami dry lands. thongh tb~ stations aft' 
.0 different,-the very e10ae relation of the distinct 
species which inhabit the isleta of the 8Ilme archiprlago, 
o..o..-flUU especially tho striking rclation of tho iolmbitants 
0( each wholo archipelago or i:;land to th~ of the 
nnaf'Cilt maioland,-ere. 1 think, uttcrly inesplicable on 
tll(' ordinary l"iew of the,jn<iependl'nt creation of each 
species, but are explicable on the view of ooloni8tl.lion 
frum the nenrc~t or readiest source, together with the 
IUh",·quent modification and better adaptation of the 
colonists fll their Dew homes. 

Summar!! oj last and prunti (J/wpter. 

In these ehapteN I have endeavoured to show. that 
if we make due allowance for our ignorauce of tllO full 

T 

c The Com let Work 0 



482 sunYAny OF CrrAI'.XH. 

effects of all the changes of climate Ilnd of the le.ol 
of the land, which have ccrtainly occurred within the 
recent period, and of other similar changes which may 
have occurrod within the same period j if we remember 
how profoundly ignorant wo are with respoct to the 
mnny and curiOllil means of occasional transport,-a 
subject which has hardly ever been properly e:xpcri
melltoo on ; if we ben.r in mind how often a SI>ecies 
mny have mnged continuously over a wide area, (lnd 
then 113\'6 become extinct in tho intermediate tnlets, 
the difficulties in believing that all the individuals of 
the &me species, wherever located, have descended 
from tho same pnrellts, are not insuperable. And we 
are led to this conclusion, which has been arrived at 
by lUany llnturolists under the designation of single 
centres of creation, by some genernl considerations, 
more especially from the importance of barricrs and 
from the analogical distribution of sub-genera, genera, 
and families. 

'Yith respect to tIle distinct species of the same genus, 
which on my theory must have spread from one parent
source; if we make the same allowance as before for 
our ignorance, and rernem ber that some forms of lifo 
chango most slowly, enormous periods of time being 
thus granted for their migration, I do not think tIm' 
the difficulties are insuperable; though they often aro 
in this ease, and in that of the indh'iduals of the samo 
species, extremely great.. 

As exemplifying tho effects of climatal changes ou 
distribution, I havo attempted to show how important 
has been the int1uenoo of the modern Glacial period, 
which I am fully convinced simultaneously affoeted the 
whole world, or at least great longitudinul belts. As 
showing how dh'ersified are the means of occasional 
transport, I have discussed at some little length the 
means of dispersal of fresh-water prodnetions. 
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I( the difficulties be not insupemble in admitting 
that in the long course of time the individuals of the 
same e:pecics, and likewise of nllied spcci~ have pro
reeded from some one 9Ource; then all the gmnd 
leading facts of geographical distribution are explicable 
011 the thoory of migration (generally of the more do
minnnt forms of life), together with subsequent modifica
tion and the multiplication of new fOMD& We can thus 
understand the high importanoo of barriers, whether 
of Illlld or wata, which sepamte our 8Cn~_ml zoological 
and bottlnical pro,':inces. We can thus understand the 
localisation of su~nem, gen('m, tllld families; and 
how it is that under different latitudes, for installoo 
in South America, the inhabitants of the plains and 
mountain!, of the forests, mn.rsilCR, and dc!I('rts, are in 
80 III ysteriou8 fL manuer linked togt!ther, nlld are like
wilOC linked to tbo extinct beings which formerly in
balJited tho salnO continent. Denring ill mind that 
tho mutual rclntiOIl of organism to orgnnbm is of the 
highest importnllce, we can 800 why two areas ba,-ing 
noorly the 88me physical conditions should often be 
inhabited by very different forms of life; for according 
to the leugth of time which hIlS elapeod since new 
colonists entered one of the regions, or both; acconling 
to the nature of the communication which allowed cer
tain forma and not others to enter, either in STeRter or 
Jesser numbers; acoording or not, as those which entered 
happened to como into more or lCSll direct oompetition 
with eaeh oth~r nnd with tho o.borif.,'iucs; and according 
III tho immigrants were ropabJo of varying more or ICSll 
fftl,idly, there would ensllo in dilTeJ"Cnt regions, inde
,,,,ndent!y of their llhysical conditions, infinitdy di,'er· 
siaed conditions of life,-there would be an Rlmost 
endll'Sll amount of organic action and renetion,-and we 
Ibould fiud, os wo do fmd, some groupe of beings greatly, 
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Bnd BOrno only slighUy modificd,---flOme developed in 
groat forcc, 80100 existing in SCRllty numbers-in tho 
iJCvcroi great geogrnpllicni provinccs of tho world. 

On these sruno principles we can understand, ll8 I 
have cndoo\·ourod to show, why oceanic islands should 
ho.\'o few inhabitants, bllt of tbp~ B gn-at number 
,bould be endemic or peculiar; and why, in relation to 
016 moons of migration, one group of beings, even within 
tho sarno cllU'S, 811Ou\d have nil its spodes endemic, anti 
another group should have all its spooios common to 
other quarters of tho world. Wo can sec why whole 
groups of organisms, as ootraeililltl.!l and terrestrial maIO
malg, should be absent from oceanic i.;lands, whilst tho 
moot i.'lOlo.too isiand8 shonld posscs8 t1l1'ir own pernlinr 
species of Rerial mlllDIDala or oots. We can see wby 
thoro should be 801110 relation between tho presence of 
mnmmals, in 0. moro or less modified condition in islnnds, 
lind the dellth of tho sco. betwccn snch irdo.nds and tho 
maiuland. Wo Can clearly see why all the inhabitants 
of an archipelago, though specifically d~tinct on the 
several isleta, should be closely related to each other, 
and likewise be related. but less cIOfJCly, to those of Ih(' 
nearest oontiucnt or other SOllree whence immigrants 
lUll probably booll derived. We CIlIl 800 why in two 
areas, howe'·er distant from en.ch otlier, thero should bo 
a correlation, in the presenco of identical species, of 
varieties, of doubtful e:pccics. and of distinct but repre
&entati,o species. 

A1I tho law Edward Forbes often insisted, there ill a 
striking pnrnllewlU in Ow laws of life throllghout timo 
and spaee: tho laws govenling tho sllCC(lB$ion of fomu 
in past times being nearly tho sarno with those governing 
at the preecnt timo the diifcronces in different areaL 
We BOO Otis in mally facta. 'l'he cnduronce of eac:h 
species and group of species is continuous in time; for 
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the exceptions to the rule are 80 f('w, that they may 
fairly be attributed to our not baving 1\8 y(ot discovered 
in all intennediate d<'lxl@it the forms whieh are therein 
ab.<(>nt, "but which occur both aoo,'e and below': 80 in 
space, it certainly is the general rulo that the area 
inhabited by a singlo sp<lCie~, or by /I. group of species, 
ig continuous; and the exceptionA, which aro not rafO, 
may, 38 I have attempted to show, be aocounted for by 
fvrmer migrations under different conditions or through 
()(.'('ft8ional means of transport, or by the specice having 
become extinct in the intermediate tmct~. Both in 
timo and spaoo, 8fK!Cics aud grollI'll of species have their 
poinlil of maximum de,'elopmenl Groups of species, 
1iling during the same period of time, or li\"ing within 
the snUle area, are onen characterised by trifling fent1l.fe8 
in common, lUI of sculpture or colour. In looking to the 
long rrocoossion of past Age8, lUI in now looking to dis. 
hint provinoos throughout the world, wo fin(l thnt eerwin 
organisms differ little from eacb other, whilst others 
hE>Jonging to a different doss, or to a dim.'rent order, 
OJ" ol\ly to a different family of tbe snmo order, differ 
p-eatly from each othpr. In both time and space the 
lowJyorganiBed members of each cltl8ll gt"Il{'rally chango 
leN! than tho highly organised; but. there are in both 
ca..~ marked exceptions to the nllf', On my theory 
thP:86 several relations throughout timo and space are 
intelligible; for whether we look to the forms of life 
which hnl'o c.hanged during 8UC0088h'o ages within the 
&arno quarter of tho world, or to thO&O Wllich hal'O 
changed aner blH'ing migrated into distant quarters, in 
both cases the forms ",-ithin each dass are oolUlected 
b~' the SOIllO bond of ordinary generation; and in both 
taIIC8 the laws of variation havo IJe<on the some, and 
m .... di6rotionl! ha,'o been aecumulatoo by the same power 
ofllatural selection. 
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CHAPTER XIII. 

lhrnU.L Al"fU:ITIES 011' Ooo.uao BZtlfGB: MOJlJ;'lloL()(lY: 

Cu.wrJC'!''fIO!<, group8 BUboniinato to groopa- Nlltural system
]{ulee and difficultie. in clai!Bilication, cxpbinoo on thQ thooryol' 
de~llt with modification - Clasliificatioll of nricti<s- n-:en, 
nlwllyliusOOlncla.-ificalioo-.\na!ogicaloraUllpti,'echamclers 
_ AfIlllitiee, ~neml. complex, &nd radiating - E:dillctioo IICpd
ratt'llRnddefineegroupe-MoRl'lioLOOT,betweenmcmbel'$ofthe 
llame cJ.asa, between \ .. rt.8 of tbe SlIme individual- EJlBIIYOl.OOY. 
laws of,expiainoo by ,·ariatiOWl DOt 1II11ll'!"veuing at lneariyage. 
lind being inherited at a. OOI'l'eIIJlOIldiug age-Ut;POlz..."TAllY 
OBOAl\'8; their origin e:xplaincd-Sllmmary. 

Claui.fi,oolion. 

Fnoll the first dawn of life, all organic beings are found 
to resemble each other in descending degree>!,90 that 
they can be classed ill groups under grouplil. ~rhis classi
fication is evidently not arbitrary like the grouping of 
the stars in constellations. The existence of groups 
would ha\'e been of simple signification, if one group hnd 
been exclusively fitted to inhabit the llUld, and another 
the water; ono to feed on flesh, another on ,'egetublo 
matter, and so on; but the case is widely different in 
nature; (or it is notorious how commonly members of 
even the SIlme sub-gIOul) have different habits. In the 
secolld alld fourth chapters, on Vnrintion and Oil Natural 
Selection. 1 have attelllpted to show that withiu each 
country it is the widely ranging. the much dift'used alld 
common, that is the dominant species belonging to the 
larger genera in each class, which vary most. The 
nrieties, or incipient species, thus prodnced, ultimately 
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become converted into new and distinct species; and 
these, on the principle of inheritance, tend to produce 
other new Ilnd dominant species. ConS£!quelltly the 
groups which are now largo, and which generally in
elude many dominant species, tend to g() on increasing 
in size. I further attempted to show that from the 
mrying dC9CCndfU1ls of each species trying to occupy as 
many Illid lUI dilTerent places n.s possible in tho economy 
of nature, there is a constant tendency in their characters 
to diverge. 'I'his conelusion WIUI SUllported by looking 
at the grcat dh·ersity of the fonus of life which, in any 
small nrca. come into the closest competition, and by 
looking to certaill facts in naturnJisntion. 

I attempted also to show that Ulero is a constant 
tendency in the forlllS which are incfClUling ill number 
and divergiug in character, to supplant and extenninate 
the preceding, less divergent and less improved fonns. 
I request tllo roader to twn to the dillgram illustrat
ing the nction, n.s formerly explained, of these several 
principles; and he will sec that the ino,"itable result is 
that the modifiod descendants proceeding from one pro
genitor become broken up into groups subordinate to 
groups. In the diagrnm each letter Oil the uppennost 
line lIlay represent a genus including severnl species; 
and all the genera on this upper line (orm together one 
class, for aJl JUl.Ye descended from one ancient lmrent, 
and, consequently, lJave inherited something in commoll. 
But tho three genera on tbe left hand have, on this 
same principle, much in commOIl, and form a sub
family, distinct from that including the next two genera 
on the right Mnd, which di"ergcd from II. comwon 
parent at the fifth stage o'f descent. These £ive gcucra. 
have also much, though less,. in common; and they fonn 
a family distinct (row that inclu(ling the throo genern 
iti.ll farther to the right Mnd, which di,"erged at a still 
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earlier period.' And all these genera, descended from 
(.A), form an order distinct from the genem descended 
from (1). So that we here ha\'o many species de
scended from a single progenitor grouped into genera; 
and the genera are subordinate to su~fumilics, families, 
and orders, all united inlo 0110 great cluss. 'l'bus, the 
grand fact of tho nntural subordination of all organic 
beings ill group under group, which, from its familiarity, 
docs not always sufficiently strike us, is in my judgment 
explained. No doubt organic beings, like all other 
objects, can be clussed in groups in many ways, either 
nrtificiaHy by single characters or IUOrQ 1l1l1urnlly by a 
number of characters. 'Va know, for instauce, that 
minerals Slid the elemental substances can be thus ilr· 
ranged; in this C8SO there is of COllrse no relation in 
tllCir cJUSllificat10n to gencalogicnl succession, and no 
cause can be ll88igncd for their falling into groups. But 
with organic beings the case is different, and the view 
above given explains tllCir natural arrangement ill group 
under group; and no other explanation has el'er been 
attempted. 

Naturalists, as we have seen, try to arrange the 
species, geuera, and families in each class, on what is 
called the Natural System. But wllat is meant by this 
systelll? Somo authors look at it merely as a scheme 
for arrtlilging together those living objects which are 
most alike, and for separating those which are most 
unlike; or as an artificial Ulcu.ns for enunciating, as 
briefly Ill! possible, general propositiOIlS,- that is, by ono 
sentenco to give the characters comlllOIl, for instance, to 
all mammals, by another th080 common to all carnivom, 
by another thOBC common to the dog-genus, and then, 
by adding a single sentence, Il full description is gi"en 
of each kind of dog. The ingenuity and utility of this 
system nre indisputable. But many nllturnli.sts think 
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tlll~t something more is mcant by tJIO Natnml'SysteJn; 
they bclie\'o that it revcalJl tllO plall of the Creator; but 
unl~ it be specifled whether order in time or i!pace. or 
both, or what el.!o is meant by tho plan of tho Creator, 
it seems to mo that nothing is thUll added to our know
lodgQ. Such expressions as thnt famous OliO by LinnrcllR, 
lind which we orten mcct "ilb in a more or IcSl! con
~loo form, that the characters do not make tllf'- genus. 
but tbat the gt-IlIlS gh'es tho cblU'a('ters, 8L'Cm to imply 
that somcthing more is included in our cllU!o!ification 
than mere 1't.'tiClllblallcc. I bclic\'o that something more 
i~ included, 8ml that propinquity of dcscout-the only 
known causo of tho similarity of organic bdll;..~-i8 tlle 
Lund. hiddCll M it is by variou~ degrees of modification, 
which is partially ren~aled to us by our clas.;.ifications. 

Let us now consider tho rules followoo in classi
fication, and tho difficulties which are enCDuutC'rcd, on 
tho view that cllWJiflCiltion eillwr givcs ROllle unknown 
plnn of creation, or is simply a scheme for enunciating 
general proJll'l'lUtions and of Illocing togcthtr tbe forms 
mUllt like each other. It might ha\'o been thought (and 
WI\8 in ancient timCfJ thought) that th080 ports of the 
.Irncture which determined the habits of lire, and the 
genernl place of earh being ill the CCQnomyor nature, 
would be or \'l·ry high importance in clll&ifiention. 
Xotbing ron be more false. Noone regards the external 
8imilarityofa mou~ to a shrew, ofa dugong to a whale, 
ur a whale to It li;h, nsof any importance. These resem
b1anccs, though 80 intimately conuected with the whole 
lifa of the being, arc ranked ns merely" adapti\'e or 
analogical charactert j" but to the consideration of thC86 
n._mblances we shall have to recur. It mayen.:n be 
gil'cn as a general rule, that the less auy part of the 
organisation is concerned with special habits, tho more 
important it becomes for c1ru;.,illCl.ttiou. _u nn instdUCC : 

ya 
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Owen, ill speaking of tho dugong, says, "The genernti\"o 
organs, being those which arc moot remotely rel.lted to 
tho habits and food of an animal, I bavealwnys regarded 
8S affording very clear indications of ita true affinities. 
We are lonst likely in tho modifications of these organs 
to mistake tl. merelyadapti\'o for au csscntial clmrftctor." 
So with plants, how remarkable it is that the orgall!l of 
,'cgctntiOll, on which tlleir whole lifo depends, aro of 
little signification, exC('ptillg ill the first main divisions; 
whereas the organs of reproduction, with their product 
the seed, am of paramount iml)Oriunco! 

Wo must not, therefore, in cln&ifyillg, trust to resem
blances ill pam of the organisntion, however important 
they mny be for tho welfare of tho being in relation to 
tho Quter world. Perhnpe from thi:! CRUse it has partly 
fl.risen, that almost all uaturalists lay tho greatest stress 
on resemblallces iu orgaus of high vital or physiological 
importance. No doubt this view of the classificatory 
importance of organs which aro important is generally, 
bllt by no means always, true. But tbeir importance 
for classification, I belio\'e, depends on their greater con
stancy throughout large gronps of species; and thi~ 
constancy depends on sucb organs baving generally been 
suujccted to less cbange in tho adaptation of species to 
tb(lir ('ouditions of life. That the mero physiological 
importauce of an organ does not detennine its classi· 
flcatory mlue, is almost shown by tho ono fact, that in 
allied groups, in which the sarno organ, as we ha\'e overy 
fCason to suppose, hIlS nearly tho SOlnO physiological 
value, its clas.sificatory valuo is widcly dilTerent. No 
naturalist cnn hllye worked at any group witbout being 
struck with tbis fact; aud it bllS OOcn fully ackno\\"· 
lcdged ill the writings of almost oyeryauthor. I t will 
SUffiCil to quote tbe highe:;t authority, Robert Brown, 
who, in speaking of certain organs in the Proteaccro, 
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Mrs thcir generic importance. .. like that of aU their 
pans. not only in tltis, but. as I Ilpprehend. in e"ery 
natumJ family. ia veryunequnl, and in some C8IlC8 seems 
to be entirely lost." Again, in anotller work he says. 
the genem of the Connamcero "ditTer in hIlving one or 
morc ovaria, in the existence or absenoo of albumen, in 
the imbricate or valvular ((>stivation, Anyone of these 
charn.ctcra singly is frequently of more thao generic 
importallro. though here e,'en when aU taken together 
they appear ill5llfficient to sepnrote Cncstis from Con· 
narua." 'l'o gi,'e an example amongst insects: in ono 
great di"isioo of the Hymenoptera, the 8ntennro, as 
Westwood has remarked, are most coll8tant ill stnlcture; 
in another division they differ mu("h 811d the differences 
are of quite S\loordinllte mIne in cla&:;iliciltion; yet 00 

one probably will say that tllO antennro in tll('!;O two 
divisions of the same order are of uneq"al physiological 
importance. Any number of installCC!l could be given 
of the ,"a'1-lng importanoo for cJ8&>ificntion of the same 
importllnt organ within the snme group of beings. 

Again, no oue will say that rudimentary or atrophied 
organs are of high physiological or Yitnl importance; 
yet, undoubtedly. orgall5 in this condition nrc often of 
high value in eIn&>ification. No ono will dispute that 
the rudimentary teeth in the uIJpcr jaws of young mmi· 
lUUlti\ and certain rudimentary bones of tho leg, are 
highry scn-iecable ill exhibiting the elose affinity betwoon 
Humiuauta alld Pachyderms. Hobert Brollll b89 strongly 
insisted all tho fact thut the position of the rudimentary 
floretl! is of tho highest importance ill the classification 
oCtho Grn8SCS. 

N UlUCroU8 instances could be given of eharncters 
deril'cd from pam which must be colIsid4:n.'<i of ,-cry 
tritling physiological importance, but which are uni· 
l'ersaliy "dmitted 88 highly SCM"iceable in the de6nition 
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of whole groups. For instance, whether or not there is 
an open passago from tho nostrils to the mouth, the 
only character, according to Owen, which absolutely dis· 
tinguishes fisllCS and reptilcs-the innection of the anglo 
of tho jaws in Marsupials-the manner in which tho 
wings of insects are folded-mere colour in certain 
Algre-mero pubescence on parts of the flower in 
/:,>Tasses-the naturo of tho dermal covering, as hair or 
feathers, in the Vertebrata. If the Omithorhynchus had 
boen covered with fenthers instead of hnir, this external 
and trifling character would hnve been considered by 
naturalis~ as an aid as important in determining the 
degreo of affinity of this strange crc~ture to birds and 
reptiles, lUI an approach in structure in ally ono internal 
organ. 

The importance, for classification, of trifling cllurac· 
ters, mainly depends OIl their being correlated with 
several other characters of morc or leRS importance. Tho 
'value indeed of an aggregate of characters is very evi· 
dent in natural history. JIence, as hlUl often been 
remnrked, a species may depart from its allies in sel'eral 
characters, both of high physiologicnl importnllco and 
of almost universal prcvalence, !Iud yet lcavo us in no 
doubt wilere it ShOllld be ranked. Hence, also, it has 
been found, that a classification foundC(1 on ally single 
dlllra.cter, however important that may be, hll.8 always 
failed j for 1lO part of the organisation is universally 
constant. The importance of an aggregate of charac
ters, even \\hen none are important., nione explains, 
I think, that saying by Linnrous, that Ole charactcrs do 
not give the genus, but tho genus gives the characters; 
for this saying seems founded on an appreciation of 
lllany triRing points of resemblance, too slight to be 
defined. Certain plants, belonging to the Malpigllia_ 
cere, bear perfcct and degmded flowers; in the Ilttter, 
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NI A. de JUllSieu has remarked, .. tho greater numl.Jer of 
the chlll'8Ctc.nl proper to the species, to the geUUl!. to 
the family, to the class. disol'llC8r, and lhw laugh at 
our cla&ification," But when Aspicarl'A produced in 
France, during llCveml yoors, only degraded flowel'8. 
departing 80 wonderfully in n nUIllOcr of tho most im· 
pOrULnt points of stnlcturo from tho propcr typo of tho 
order. yl't 3l Richnr'CI AAgnciou.Jy 8IlW, fLS Jussieu oJ>... 
/JCrn's, that this ~nUl! sbould still 00 retaiut'd amongst 
tho )Jalpighisccre. This C880 BCCllliI to me well to illus
trate tl,o spirit with wltich our c1ru",ificatiollll are some-
times nocCMnrily fouuded, 

Practicully, when naturali~ta are at work, they do 
not trouble themselves about tho phy:.iological ,'alne 
of tho cilluactenl which thoy use in ddiuing a group 
or ill allocating any particular spt.,<,iC!', If they find 
a character nearly unifonll, and common to a grent 
number of fonnFl, and not common to othc~, tllOy 1l!3e 

it as oue of high mlue; if comlllon to BOrno le,;scr 
number, they use it a.s of suoordinato ,-alue. This 
principle hM been broodIy (:onfcssOO by ~me naturalists 
to be the true olle; and by nOllO moro dearly than by 
that exc-e)\rllt botanist, Aug, S1. Hilaire, If certain 
characters are always found correlated with others, 
though no apparent bond or coDoexion enn be dis-
oovl:ri,.od iJctwccn them, especial wl.iue is set on them. 
As in mo~t groupe of animals, important orgnllll, such as 
tl1080 for propcUing the blood, or for acrating it, or 
those for propngnting the roce, are found nearly lIuifunIl, 
they uro collsidered as highly serviceablo in c1a.ssifica· 
tioll; but in !!Orne groups of animals nU tile:.e, tho most 
important "ital organs, are found to offer characters 
or qujie subordiuate value. Thus, as Fritz MUller has 
lately remarked, ill the same group of cmsiaCCflllS, Cr. 
pridina i.e furnished with a henrt, whiht ill two closely 
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allied gcnern, namely Cypris and Cytherea, tJwrc is no 
BUch organ; one species of Cypridina has well-developed 
branchire, whilst another species is destitute of them. 

We can see why characters derived from the embryo 
should be of equal importance with tho8O derived from 
the adult, for our classification of course includes all 
ages of each species. But it is by no means obvious, 
au the ordinary view, "hy the structure of the embryo 
should be more important for this purpose than that of 
the adult, which alone plays its full part in the economy 
of nature. Yet it hM been strongly urged by those 
great natumlista, Milne Edwards fil:!d Agassiz, that em
bryonic characters are the most important of ally in the 
classification oj animals; and this doctrine has very 
generally been admitted as true, though its importance 
has sometimes been exaggerated. Thw Fritz Miiller 
has arranged the great class of crustaceans in accord
ance with their embryological differences, for the sako 
of showing that such an arrangement is not a natural 
ono. The general fact of the importance of embryo
logical characters holds good with flowering plants, of 
which tho two main divisions havo been founded on 
differcnccs in the embryo,---on the number ~Ild position 
of the cotyledons, and on the mode of development of 
the plumule and radicle. In our discussion all embry
ology, we shall see why BliCh characters aro so valuable, 
on the view of classification tacitly including the idea 
of do scent. 

Our classifications arc often plainly influenced by 
chaius of affinities. Nothing can be easier than to 
define 0. number of characters common W all birds; but 
ill tho case of crUBtaccans, such definition has hitherto 
been found impossible. Thoro are crustaceans at the 
opposite ends of tho series, which have hardly a 
character in common j yet the species at both cnw, 

I W rk f rwin nli 



CUSSIPICATION. 495 

from being plainly o.llicd to others, and these to' 
othel"8) and so onwnrds, can be recognised as unequi
vocally belonging to this, and to no other class of the 
Articulata, 

Geographical distribution has often boon used, though 
perhaps not quite logically, in classification, moro especi
ally in very large groups of closely allied forlll8. 'l'em
minck insists on the utility or evcn 1lC<.'e88ity of this 
llractice in certain groul)S of birds; a11d it hns been 
followed by soveml entomologists and botanists. 

Filliilly, with respect to tho compamtivo valuo of the 
various groups of specie!!, such as orders, sub-orders, 
families, sub-fUlllilies, Bud genem, they 8C('m to be, at 
liNt at present, almost arbitrary. Sc"cml of the best 
botanists, such ns ~Ir. Bentham and others, have 
strongly insisted on their arbitrary value. Instances 
could 00 given amongst plMts and inaccts, of n group 
of forms, first mnked by practised naturalists as only n. 
genus, and tben raised to tho rank of a suh-family or 
family; aud this has beeu done, not beC'ause further 
research hns det£!Ctcd important stmeiurnJ differences, 
at first overlooked, but because numerous allied species, 
witb slightly diffcreut grades of differencc, hu.vo been 
subsequcntly discovcred. 

All the foregoing rules and aids Bnd difficulties in 
c1as~ificBtiOIl are eXI)lnined, if I do not greatly deceivo 
myself, on tho "iew that tho natural system is founded 
on descent with modification i-that the characters which 
n.i1tumli~ts consider as showing true affinity between 
llIly two or more species, are those which have been 
inherited from II. common parent, and in 80 far, all true 
clru;sificntion is genenlogical ;-that community of de
scent is the hidden bond which naturalists ha\'e been 
unconsciously sce.ldng, Bnd not some uulmoll'll plan of 
crcl\tion, or tho enUllcmtion of general propositions, and 
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the mere putting together lind sepnrnting objects morc 
or less alike. 

But I must explain my meaning more fully. I 
believe that tho arrallgement of the groups within euch 
class, in due subordination and relation to the other 
groups, must be strictly genealogical in order to be 
natural j but that the amount of difference in the several 
branches or groups, though allied ill the same degree ill 
blood to their common llrogellitor, lllay differ greatly. 
being due to the different degrees of modification \\ hich 
they hawl undergone; and this is expressed by the 
fOfms being ranked under -diffefCnt gt"ucra, falllilie~, 

SOCtiOllS, or orders. 'rho reader will best understand 
what is meant, if he will h\ko the trouble to refer to 
the diagram in the fourth chapter. We will suppose 
tho letters A to L to represent allied genem, which 
li\"ed during the Silnrian epoch, and theso ha\"e de. 
scended from a species which existed at an unknown 
anterior period. Sp('«!ics of three of these genem (A.., F, 
and I) have trnnsmittcd modified descendants to the 
prcsent day, represented by the fifteen genom (aI' to Zl') 
on the nppermost horizontal line. ~ow all these mo
dified descendants from 0. srnglo species, are repre· 
sented lUI relnted in blood or descent to tho sumo 
degree; they may metaphorically be called cousins to 
the same millionth degree; yet they differ widely 
and in dilTerellt degrees from oach other. The forms 
descended from A, now broken up into two or three 
families, constitute a distinct order from those de
scended from I, also broken 1IJ.} into two families. Nor 
can tho existing species, descended from A, be ronked 
in tho sarno genus with the purent A.; or those from 
I , with tho parent 1. But tho existing genus Fl. may 
be supposed to htl.\"o been but slighliy modified; and 
iL will then rank with the parent-genns }'; just as 
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some few still Ii ring organic beillgs belong to Silurian 
genem. So that the amount or "aluo of the ditTer
ences between organic beillgs all relatod to each other 
iu the samo dcgrne in blood, Las como to be widely 
ilill'crcnt. N ovortheless their gonealogical arrange
ment remaius atrictly true, not only at tho present 
timo, but at cllCh Bucccs:;i\-o period of de.;cent. All 
tho modified descendo.nts from A will ha\'o inherited 
something in common from their common pal'('nt, as 
will all the descendants from I; 80 will it be with each 
suoomillll.te branch of descendants, at cnch SII(.'ccsslve 
I'II'ciod If, howen!r, we choose to suppose that any of 
the dcecendallts of A or of I IUH'e been 80 much modi
fied IUl to iUH'e more or less completely Io.;t truces of 
their parentage, in this case, their piarcli in a natural 
classification will havo been more or less completely lost, 
--W! sometimes seelUs to have occurred with existing 
orglluisms, All the descendants of the gcUUfl P, along 
ili whole line of descent, aro supposed to haxe been 
Lut little modified, Ilnd they yet fonn a single gellUS". 

But tIlis genus, though much isolateJ, will still oc-c.upy 
its llropcr intermediate petiition; for r orit-,>inally was 
intermediate_ in character between A and J, and the 
sereral geuera descended from thC!>O two genera will 
hilre inherited to a certain extent their characters. 
This naturnl arrangement is ahOWIl, as tilt as ill possible 
on IlnlX'r, in the diagram, but ill mueh too simple a 
manner. It a brnnching diagmm had not been used, 
and only the names of the groups hnd been written in 
a linear serics, it would have been still less pOSlsible to 
hilve given a natural arrangement; and it is notoriously 
nut pOti.Sible to represent in a seric&, 011 a flat. surface, 
the affinities which we discover in nature amongst the 
beings of the same gronp, Thus, on the ,iew which I 
hulJ, the natural system is genealogiCtlI in its arrange-
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meut, like a pedigree; hut the degrees of modification 
which the different groups have undergone, have to be 
cxprcSBCd by ranking them under different so-called 
genem, sub-families, families, sections, orders, and 
01 ...... 

It may be worth while to iIIustmt6 this view of 
clo.ssificatioll, by taking the case of Jangunges. H we 
po!I8CI!8OO a }>erfect pedigree of mankind, a genealogi
cal arrangement of tho races of man would afford tho 
best classification of the mrious lllllgtlnges IlOW spoken 
throughout the world; and if all extinct languages, and 
all intermediate and slowly changing dinJect:J, had to 
be included, such all arrangement would bo the only 
po68ihle one. Yet it might be that some very ancient 
laugu~"O had altered little. and had gil'en rise to few 
tlCW languages, whilst others (owing to the spreading 
and subsequent isolation and srotes of civiliso.tion of 
tho sc\'eral races, dCSC<lndod from 0. common stock) h",d 
altered much, and had gi,en rise to many Ilew lan
guages and dialects. The mrious degrees of difference 
ill the languages from tho same stock, would ha,e to 
be expressed by groups subordinate to groups; bllt the 
proper or even only possible arnmgemCilt would still 
be genealogical; and this would be strictly nntural, as 
it would conncct together all languages, extinct and 
modern, by the closest. affinities, and would ghoo tho 
filiation and origin of each tongue. 

In confirmation of this view, let us glance at the 
classification of varieties, which are belioved or known 
to have descended from ono species. These aro grouped 
under species, with sub-varieties uuder varieties j aud 
with our domestic productions, sevemt other grades of 
difference are requisite, ns we ho.yo seen with pigeons. 
Tho origin of the oUtitelloo of groups subordinate to 
groups is tho same with ,"o.riotios ns wilb species, 
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namely, closeness of descent with various degrees of 
modification. Nearly tho same rules are followed in 
classifyiug varieties, R8 with species. Authors have 
insisted au the nece8:lity of classing varieties on a 
natural instead of an artificial system; we are cautioned, 
for instance, not to cLa.ss two varieties of the pine-apple 
together, merely because their fruit, though tho most 
important part, bappeus to be nearly identical; no one 
puts the Swedi~h and common turnips toget!lor, though 
tho esculent and thickened stellls are 1'10 similar. What· 
orcr pmt is round to be most constant, is used in class. 
ing l'nrieties: thug tho great agriculturist Marshall 
lII1y8 the horus are very useful for this purpose with 
cattle, because they are less variable than the shape or 
colour of the body, &c.; whereas with sheep the horns 
are lIIuch less serviceable, because less constant. In 
classing varieties, I npprehend that if we had a real 
podigroo, a genealogical classification would be uni· 
'fcrsaJly preferred; and it 1m3 been attcmpted by !lOme 
aglllOrs, For we might feci sure, whether there had 
Wen more or Icss modification, the principle of iuhcrit· 
anee would keep the forms together which were allied 
in tho greatest number of points. In tumbler pigeons, 
though some sub-varieties differ from tho othcrs in the 
important character of having a longer beak, yet all 
are kept together from having the common hnbit of 
tumbling; but the short-faced breed has nearly or quite 
lost this habit; neverthclcea, without any reasoning or 
thinking on the subject., these tumblers are kept in the 
Mmo group, because allied in blood and nlike in some 
other respects. If it could be proved that the Ilottcntot 
had doscended from tho Negro, I til ink he would be 
dll.!l!lC(lunder the Negro group. howe,"cr much he might 
differ iu colour and oilier important chnrnctt:rs from 
negro<-
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With species in n stllte of nature, c'I"cry naturalist has 
ill fad brought dClICcnt into his cillSfJification; for he 
inclm)cs in his lowest grode, or that of a 8ped~, th~ 
two /lCXCS; and how enonnously these 8Qrnl'timcs differ 
in tho most important characters, is known to every 
naturalist: BCarcely 1\ single fact can be predicated 
in l'()mmou of the nell1lt mrues and henllaphrodites of 
certain cirripedes, and yet no one dreams of sepamting 
them. As soon 8S the thrt'(! Orchidcnn fom18, Mona
chnllthlls, Myanthu8, and Cntasdum, which had pre
"jously been ronked IliJ three distinct genera, were 
known to be sometimes produC<!d 0 11 tho same plant, 
they were immcdjatcly considered lUI ,'arietias; but now 
T ha,-o bec!n able to show tbat they renlly constitute 
tbe male, female, find hermaphrodite forme of the snme 
eJ>cci<'S. The naturali:it includes Il.B one species the 
scveral larval sUlgf'S of tho same individuRI, hOI'l'Cl'er 
much thcy mny differ from ea.ch other nnd from the 
adult; as he Jikowiso docs the so-cnlle<i alternnte ge
nemtions of St!!<!nstrup, whieh ean only iu a teehnirol 
lWn8C be collf>idered a.!~ tho Mme individual. lie includes 
mon~tcrs and ,'arietic,\ not because they may closely re-
8Cmblc the parent.form, hut because they are descended 
from it. 

As de[lC{mt lu18 lmi\'crsally been uf!C(\ in classing 
together the illdi"i<illals of the rome !I1)('cie~, though tho 
males and fcmales and Jnrnc are sometimcs extremely 
diffcn:>nt; and as it. has been used in cln~"ing Yarietif'S 
whieh have undergone n ct'rtaill, and IIOmctimes n con
@idemblc 81ll0lWt of modification, may not this same 
"Icment of descent ll/wO been unconsciollsly used in 
grouping spcci£'s ulld(' r gellem, Rnd genom under ll igher 
groups, though in these cases the mooifientioll has been 
much greater ill degroc. and has taken 0. longer time to 
romplete? J belim'e it hns tb\18 been Ull00UseiOIlSiy 
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used; and only thus can I understand the sc\'crnl rules 
and guides which have been followed by our best sys. 
tematists, "re have no writtcn pedigrees j we hare to 
mako out commuuity of descent by fCscmblances of any 
kind, Therefore we choose thoso cbamcters which, as 
fllr as we eM judge, arc tIle least likely to hnve been 
modified in relation to the conditions of life to which 
cach species has been recently exposed, Rudimentary 
structUI'('8 011 this view are IlIl good CL~, or enm some. 
times better than, other parts of tho orgtlnisntion, We 
care not how trifling a charactcr may be-Ict it be the 
mere inflection of the angle of tho jaw, the manller in 
which nn insect's wing is folded, \lhelher the skin be 
OO"cred by hair or feathers---if it prcmil throughout 
many and dilTcrent spcc.ics, espcc.ially those illwing .ery 
different habits of life; it ll.SSumes high YlIlne; for we 
can accollnt for its presence in so mOony fonus with such 
dilTorent llabits, only by its inheritance from n common 
parent, We may eIT in this fCspect in regard to single 
points of structure, but when seyernl cho.mctcrs, let 
thcm be c"cr 80 trifling, concur throughout R large group 
or beings baving different habits. we may feel almost 
sure, ou the theory of descent, that thCl:iC chamders 
ha,o been inherited from a COllllllon anC(>8tor, .\nd we 
know tJlnt su('h correlated or nggrcgntcd charoctcrs bnye 
e."})IX!iaJ ,'oluo in claSliificatioQ, 

Wo con understand why a spccies or a gronp of 
specics may depart, in several of its most importaut 
charoctcristil'S, from its ollies, and yct be SlIfely classed 
with them, 'l'his mny be safely dOlle, oud is often done, 
as long as a sufficient nnmber of characters, let them 
be O\'cr 80 unimportant, betrnys tIle hiddcn bond of com· 
munity of descent. Let two forms ha"o !lot a single 
charactcr iu common, yet if these extremo forms are 
conuooted together by a chain of intermediate groups 
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we may at Olloo infer their community of descent, and 
we put'them all into the same class. As we find orgaus 
of high physiological importance-those which servo to 
preserve life uudor the most diverso conditions of exist
ence--aro genernlly the most constant, we attnch espe
cial "alno to them; but if these same organs. in another 
group or section of a group. are found to differ much, we 
at once valuo them 10M in our classification. ".,. e shall 
hereafter, I think, clearly sec why embryological chn
racters are of such high cla.ssificatory importance. Geo
graphical distribution may sometimes be brought we
fully into play iu classing large and widely-distributed 
genera, because all the species of the samo genus, in_ 
habiting any distinct and isolated region, have in all 
probability descended from the 8,!'me parente. 

ATUlZooical Resemblance,.-We call understand, on the 
abovo views, the very important distinction between 
real affinities and analogical or adapti,'e resemblances, 
Lamarck first called attention to this ilistinciion, and 
he has been ably followed by Macleay and others, Tho 
resemblanco in the shape of the body and in the fin-like 
anterior limbs, between the dugong, whieh is a pachy
dermatous animal, and tho whale, and betwccm both 
these mammals and fishes, is analogical,. Amongst 
insects there aro innumerable instances; thus Lillllreus, 
misled by cxternal appearances, actually clllS800 on 
homopterous insect as a moth. "r e see something of 
the same J. .. ind (l"en in our domestic varieties, as in the 
thickened stems of the common and Swedish turnip. 
i'ho resemblance of tho greyhound and racehorse is 
hardly moro fanciful than tho analogies which have 
~n drawn by somo anthors between very distinct 
animals. On my view of characters being of real im
portance for elllS8ification, only in 80 far as they re\'eal 
descent, we can clearly understand why analogical OJ' 
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adapti'fo CIllll"llCtcrs, alUlougb of the utmost importance 
to the welfare of the being, are almoet .otueless to the 
8Jdematist. For animals, belonging to two most dis
tinct linea of de8CCllt, may readily haH) become adapted 
to similar conditions, and thUS! ha'"e wumed a close 
extcnlat resemblauce; but soch rcsemul(lncos witt not 
reveal-will rather teud to conceal their blood-relution. 
ship to their propur lines of descent. We can also thus 
understand the apparent paradoo:. that tho .cry some 
eharacters are analogical when one class or one order is 
compared with another, but give true aninities when 
the members of Ule 68me cllU!8 or ordcr are f'Ompared 
togethor: tJlIlS, tJle shape of tJle body and fin-like limbs 
arc only analogical when "hales arc compared with 
fishes, being adaptations in both cl.a&!es {or swi.mming 
through tho water; but tho shape of the body and 
fin-liko limbs fl(!rve as ehamcters exhibiting truo affinity 
between the 8C\"crol members of the whale {amily; for 
tbN!(' cctncoous agree in 80 many chamctcrs, great and 
Illllall. that we canuot doubt that th(>y ha'-e inh(>rii.ed 
thdr geneml shape of body and structure of limbe from 
a common anccetor. So it is with ruhes. 

TIIO moo remarkable case of analogical rcacmblanoo 
ever recorded, though not de»(,udcnt on adalltatioll to 
simillU' couditions of life, is thp.t given by Ur . .&ttes willi 
mpcct to certain butterflies in the Amazonian region 
closely mimicking other J.."indll. This excellent observer 
mo"-s thnt in a district where, for installce, an IUlOmia 
abounds in gaudy swarms, another I.mttcrfly, uamely, a 
Lcptalis, will often be. found mingled in the game flock, 
Il1O liko tJle lthomin in every shado and stripo of colour 
and even in the shape of its winge, that Uf, BaWl, with 
his eyes sharpened by collecting during dovcn yca.rs, 
was, though always on his guard, contiuually deceived. 
When the mockers and the mocked D.N caught and 
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compared they nre found to be totally ili/TC'rent in CSS(>I1-

tia! stmcturc, find to belong not only to distinct ge:nern, 
but often to distinct families. If this mimicry had 
occurred in only OIlO or tll'O instances, it might hnl"c 
been ~ over as n strnnge coincidence. But traw'l 
a hundred miles, more or less, from 0. district where one 
I...el)taiis imitates ono Ithornia., and a distinct mocker 
and mocked, eq'lIl.lly close in their resemblance, will 
be found. Altogether no less than ten genera are 
enumerated, wbich include !.pecies that imitnte other 
butterflies. 'I'he mockers and mocked always inhabit 
the sarno rcgion; we never find an imitator living remoto 
from the fonn which it counterfeits. 'fhe mockers at(' 
almost inmriably mrc insrets; the mocked in almost 
c\'cry case abound in swarms. In tho sarno district in 
which a spe<'ies of Leptnlis closely imitates an lthomia, 
thcre nre sometimes other Lepidoptcm mimicking the 
sumo ItllOmia; so that in the snme place, species of 
three gt'nern of butterflies and e'"en moths may be 
found all closely resembling a species of a fourth genus. 
It deserves especial Ilotif'o tbat mallY of tIle mimicking 
forlllS of tho I..eptalis, as well as of the mimicked forms, 
can be shown by a graduated series to be merely varieties 
of tlle sume species; whilst others are undoubtedly dis
tinct species. But why, it may be asked, arc certain 
forms treated as the mimicked and others as the 
mimiC'kers? l\(r. Batef! satiafactorily answers tbis ques
tion, by showing that tho form which is imitated keer
tIle usual dress of the group to whieh it belongs, whilst 
the counterfeiters have changed their dress and do not 
resemblo their nearest allief!. 

'Vo aro ncxt led to illqllire wbat fCiIBOn can possibly 
be nssigncd for certain butterflies nnd moths so often 
assuming the dress of other and quite distinct forlDlJ; 
why, to tho perplexity of naturalists, hna nature eonde-
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scended to tho triek:! o( the stage? MI'. &te8 hM, we 
cannot doubt, hit on the tme explanation. The mocked 
forms, which ahmya aOOUlld in numbers, mU:jt habitu
ally cecape, to a large extent, destruction, othcmisc they 
could not exist in such swanns; and Mr. &tes nen~r 
9BW them preyed on by birds and certain largo insects 
which attack other butterflies; ho suspects that this 
immunity is owing to Il pecul iar and offensiro odour 
that thoy emit. i'ho mocking forms, on the other hand. 
which inhnlJit the same district, arc compo.mtively rare, 
and belong to mre groUp8; hcnco they 1I1USt suITer 
habitually from 80me dllnger, (or otherwise, from the 
number of eggs laid by all butterflies, tlley \\'ould, if 
not persecuted, in three or four generations s\\'arm orer 
the whole country. Now if n member of ouo of these 
IlCl'9Ceutcd and mre groUJJ6 were to Il88UIIIC a dress 90 
like that of II. well-!Jrotccted species that it continually 
deeeh'ed tIle pmetised eyes of au entomologist, it would 
often deech'e predacious birds alld insects, and thus 
eiICtlJlO entire annihilation. It may almost be said 
that ~rr. Bates has witnessed the procCM by which 
tho mimickera hare como so c108Cly to rellCmble the 
mimicked; for he shows UII1t 80me of the forms of 
LeptnIis, \\'hether these be ranked as species or ,·arieties. 
"'hich mimic so many other butternics, vary much. 
In one district ge,"eral mrie-tics occur. and of these olle 
alone resembles. to a certain extent, the common Itho
min. of the Mille district. In allother district thero nrc 
Iwo or three varieties, one of which is much commoner 
than tho others, and this closely mocks an Ithomia. 
}'rom many facts of this llaturc, Mr. &tes concludes 
llult ill evcry case the Leptatis originally varioo.; and 
that, when a variety arose which hnppencd to resemble ill 
some degree any common buttC'rfiy inhabiting the snme 
district, tbis "ariely, (rom its resemblance to Il flourkh-
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ing Rnd little-persecuted kind, had n better chance of 
escaping destruction from prcdacioU3 birds and insects, 
and was consoquclltly oftener prot!Crved ;-"the l~ 
perfect degrees of resemblance being generation after 
generation eliminated, and only the others leR. to pro
pagate their kind." So that here wo hoso fl.U excellent 
iUll5tration of the princillie of natuml selection. 

Mr. Walla.ce hIlS recently described sc,crnl equally 
striking cases of mimicry in tbe Lepidoptera of tile 
Malay Archipelago, and other cases could be given with 
otller omers of insoots. Mr. WallllCO has also gi'l'"en 
one il18tanOO of mimic-t,y amongst birds, but we hs\'o 
no such cases with the larger animals. 'l.'ho much 
greater froqueney of mockery with insects than with 
other animals, is probo.bly the consequence of their small 
size; illilCCts cannot dcCend themselves, excepting indeed 
the kinds that sting, ond I have never heard of an in
stanco of these mocking other insects, though they arc 
mocked: insects mnnot escape by flight from the larger 
animAls; hence they are reduced, like most weak crea· 
tures, to trickery and dissimulation. 

But to return to moro ordinnry cases of analogical 
resemblance: 8JI members of distinct clllS8CS have often 
been adiLpted by suooessive slight modifications to li,·c 
omler nearly similar circllmstanoes,-to inhabit, for in· 
stance, tho three elements of land, air, and water,- we 
can perhaps understruld how it is that a numerical paml. 
lelism hM 8OmetimE!8 been observed between the sulJ.. 
groups in distinct claasea. A Ilntumlist, struck by a 
parallelism of tl.is nnture in anyone cl8SB, byarhitrari ly 
raising or sinking the value or the groups in other 
classes (and all on.r experience shows that thiB TIlluatioD 
hM hitherto been arbitrary), could easily extend the 
pamUelism over a wide mnge; and thus the septenary. 
quinary, quaternary, and ternary c1t1SSificatiOIlS haye})J'()o 
bnblyarisen. 
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Oft t~ Nature of the ..4.ffinit~. COImectiJt9 Organie 
&Utg •. -ru the modified deeccndanta of dominant 
species, belonging to ilie larger genera, tend to inherit 
tbe advantages whicb made ilia groups to which they 
belong Inrgo and their parcuf3 dominant, they are 
almost enre to epread widely, and to acizo 011 more and 
more places in the economy of nature. 'l'ho larger and 
more dominant group;! within each c.lase thus tend to go 
on increasing iu size; and they oooaoquently supplant 
many 8tll8l1er nnd feebler groups. Thw we can ncoouut 
for the faet that all organisms. roccnt and extinct, are 
included under alew great oruCl"ll, under still fewer ciasaes, 
and:nll in one great natural eystem. As showing bow 
few tile rugber groups are in nnmber, and bow widely 
spread tlley are througbout the world, tile fact is striking, 
tlULt ilie discovery of Australia bl18 oot added ao insect 
belonging to a new clnas; and that in tile vegetable 
kingdom, fI8 llearu from Dr. lIooker, it hns added only 
two or throe families of small size. 

In the c;hapler on Geological SUOOCS8ioJl I attempted 
to show, on tlle principle of1!aCh grou» luning generally 
dh·crged much in character during the long-oontinued 
proee8f:I of modification, how it is that the mom ancient 
fol1ll8 oC life ollen ]lresent characters in .9Ome alight 
degroo intermediate between existing group". A Cew 
old and intermediate parent-Conns baving occasionally 
tmnsmittcd to the present day dC8CCndallt8 but little 
modified, will give to us our so-called oeculaot or aber
raut groupe.. 'l'he more abemmt nny form is, the 
greawr lllust be the number of oonnecting fonns which 
oo"my tlloory ba,·o been extenniuated and utterly lost. 
And we have some evidence of aberrant Conus having 
mffered 8O\·crely from extinction, for they nre gene
rally represented by erlremely few species; and such 
tpeeiea ns do occur are gencmlly vcry distinct from 
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each other, whieh again imptiescxtinction. 'l'hegellcrn 
OrnithorhynchWl and Lepidosiren, for example, would 
not have boon less abermnt had eftl'b been represented 
by n dozen .l!pecics instead of by a sillgloone; but such 
riehnC8B ill 8peci08, as I find aner BOrne investigation, 
doce not commonly raU to tile lot of abcmmt genem. 
Wo CAn. 1 think, account for this fact. only by looking 
nt aberrant forms as failing groupe conquered by more 
succegfuJ competitors, witb a few members Ill"C8Cn-ed by 
&orne uUlIBuru coincidence of fayoumblo circumsmnCC!l. 

~Ir. Waterhouso hAS rcUUU'ked that, when a member 
belonging to 0110 STOll!) of nnimnl3 cxhibilil au affinity 
to n quite distinct group. th.i.s affinity in most cases is 
general and not special: thus, according to Mr. Water
house. of aU Uodents, the biz.caeha is rn06t.llently related 
to MOmlpillle; but in tho points in which it npprooches 
this order. its relations are general, and not to any ono 
marsupial specios moro thnn to another. As the points 
of aninity of the bizcacho. to M.arsupials nro bclic'fro 
to be real and not merely adallti'f(', they arc due on 
my theory to inheritance in common. 'J11erefore we 
must supJlO8C cither that all Rodents, including the biz
cacha, branched off from BOrne ancieut Marsupial, which 
will naturally huvo been moro or Ie&! inlermedialo in 
character with respect to all existing :Marsupials; or 
that both llodents nud lrnrsupials brAnched off from a 
common progenitor, and that both gI'OUpi ham since 
undergone much modification in din:orgent directions. 
On ('ither view we may suppose that the bizcacha hoi 
retaiued, by inheritance, more of the character of ill 
ancient progenitor thnn 1In"e ot1l(~r llollents; and 
therefore it will not be specially related to ally {one 
existing MatfJUjlial, but indirectly to all or nearly aU 
:Uarsupials,!rom luwing partially retained theclu\rader 
of tbeir common progenitor, or of an early member cl 
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the group. On tho 'other hand, or all Marsupials, as 
Mr. WnterhOU8e has remarked, tho phascolomya re
eembles moet nearly, not anyone spocies, but the 
geneml order or Rodents. In this case, however, it 
may be strongly suspected that tho roscmblance is only 
analogical, owing to the phll8COlomys having become 
adapted to habits like those or n !lodcnt. The cider 
Do Candolle bas made noorly similar obsermtions on 
the gencral nature or the affinities or clistinct families or 
plant&. 

On the principle or the multiplication and gradual 
dh'ergelloo in character or the species descended rrom a 
common parent, together with their retention by iuhe
ritanoo of some characters in common, we call under
IItnnd the excessively complex aud mdiating affinities 
Ly which all the mcmbers or ihe snme ramily or higher 
group arc connect.ed together. For the commOIl parent 
of a whole ramily, now hrokcn up by cxtinction into 
tlistinct group!! and rub-group9, will havc tmnsmitted 
some of its cluuucters, modified in ,'arious ways and de
~ to all Ule species; and they will consequcntly be 
related to ooeh other Ly circuitous lines or nffinity or 
,.arious lengths (as may be seen in thl' diagram 90 often 
rdcrred to), mounting up through many predecessors. 
A3 it is d ifficult to show the blood-relationship betwoen 
the numerous kindred of any ancient and noble family, 
en,n by the aid or 0. gencn.logical tree, fUld almost 
imflO6$iblo to do this without this aid, we can under
stand the extraordinary difficulty which Ilaturalists havo 
I.'l:pcricuecd in dcscribillg, without thu aid of tl. diagram, 
the '-arious affinities wMch they pereeh-o between the 
many lidng and cxtinct members of tllO stlmo great 
natumlclnsa. 

Extinction, as we hll\'o seen in tho fourth dmpter, 
lw ployed an important part in defining and widcning 
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tJle inten'llls bet.ween the so,'cmI groupe ill cneh cl.ass. 
Wo may thus Rccount onm for tho distinctness of wholo 
classes from each other - for iusblllCC, of birds from 
all otber vertebrate animals-by the belief that many 
ancient forms of lifo have been utterly lost, through 
which the early progenitors of birds \"fcro formerly oon
nected with the early progenitors of the other and 
then less diifercntiatEl(1 vertebrnto classes. There liBS 
been less entire extinction of tho forms of life which 
Gnoo connected fishes with bntmchinns. There has 
boon still less ill some other clM8e8, as in that of tho 
Crustacea, for hero the mOBt wonderfulJy diverse forms 
are still linked together by a long and only partially 
broken chain of affinities. Extinction 111\8 only sepa
rnted groups: it hlUl by no means mado them; rot' if 
o"cry fonn which has ever Jjycd on this earth were 
suddenly to rooppenr, though it wonld bo quite impos
sible to give definitions by which each group could be 
distinguished from other groups, 8S all would be blended 
together by steps as fine as those between existing 
varieties, nevertheless a natural classification, or at least 
a natural arrangement, wonld be poesible. 'Ve shall 
see this by turning to the dingrnm: the letters, A to L. 
may represent eleven Silurian genom, &Ome of which 
have produced lArgo groups of modified descendant,. 
E,-ery intennediate link between these eleven genera 
and, their primordial paren4 nnd every interme<liate 
link in each branch and sub-branch of their descend
ants, may be supposed to be still ali'-e; Rnd the linb 
to be as fine as t1l066 between the finest \'arieties. In 
this Cfl8Q it would be quite impossiblo to givo Rny defini
tion by which the IOveral memooJ8 of tho sevcml group' 
could be distinguished from their more immediate 
parents; or theso parents from their ancient and un
known progenitor. Yet the nntural ammgemeut in t1.& 
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d~"Tnm would still hold good; and, on tlio principle of 
inheritance, all the forms descended from A, or from I , 
would havo something in common. In (& tree wo cnn 
specify this or that bmnch, though at tho actual fork 
the two unite Ilnd blend together. We could not, as I 
have snid, define the 8(lveml groups j bnt we could pick 
out types, or forms, representing most of the chamcwrs 
or each group, whether large or smnll. and thus give a 
general idea of tho yalne of the differences between 
them. 'l'his is what wo should be drh'cll to. if we were 
e\'er to succeed in coHeeling all the fonus ill any class 
lihiclt have .li,·ed throughout all time nnd space. Wo 
shall ASsuredly never suCC<!C(1 in making 80 perfect a 
oollection; nevertheless, in certain classes, we are tend
ing in this direction; and Milno Edwards has lately 
ill8isted, in an able pape.r, on the high importance of 
looking to types, whether or not we can separate and 
derme tho groupe to which such types belong. 

Finally, we have seen that natural selection, which 
results from the struggle for existencc, and whicb almost 
inC\-itnbly induces extinction and dh'orgcnce of cha
racter in the many descendants from ODO dominant 
parenf.-tlpeeies, explaiIlB that gteftt and universal footure 
in tho affinities of all organic beings, namely, their sub
ordination in gronp under group. We lise the element 
or descent in. classing tho indh'iduals of both sexcs and 
or all ages, although having but few chlLradera in com
mon, under olle species; we use descent in cla!IBing ac
knowledged varieties, however different thoy may befrQm 
their parent; and I belieTe this element of descent is 
the hidden bond of connerion which naturalists ha;m 
tooght nnder tho term of the Natural System. On 
this idea of tho natuml system being, in 90 tAr as it has 
IJe.en perrected, genealogical in its aml.Dgement, ,,-ith the 
grades of difference between tho dcsoondan18 from a 
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common parent, expressed by tho terms gencm, families, 
orders, &0., we can understand the rules which we are 
compelled to follow in our classificatiou. 'Vo can under
stand why we valuo cortain resetllblo.nces far more than 
others; why we are permitted to use rudimentaryaud 
usele83 organs, or others of trifling physiological import
anot); why, in comparing one group with a distiuct 
group, wo summarily reject auo.logiCl.\l or Maillive cha
Tll.cters, and yet usc these sarno characters within the 
limits of the samo group. We can clearly see how it 
is tilllt all living and extinct forms can be grouped 
together in one great system; and how the several 
members of each class are connected together by the 
most complex and radiating line<! of affinities. We 
shall nover, probably, disentangle the inextricable web 
of affinities between tho members of anyone cluss; but 
when wo have a distinct object ill view, and do not look 
10 somo unknown plan of creation, we may hope to 
make sure but slow progress. 

M01'pMWgy· 
'Vo havo seen that tho members of the samo eluag, 

independently of their habits of life, resemble each 
other in the general pilln of their orgllDisation. This 
resemblance is often expressed by tho term "unity of 
type;~ or by saying tilat the severnl parti! aud organs 
in the different species of the class are homologous. 
Tho whole subject is included under the general name 
of Morphology. This is the most interesting depart
ment of natural history, and may be said to be its \'ery 
soul. What can be more curious than that the hand of 
a man, formed for grusping, that of a mole for digging, 
the leg of the horse, the paddle of tho porpoise, Bnd 
the Willg of the bat., should all be oonstructed on 
the same pattern, amI should include similar bones, 
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in the sarno reIati\'o positions? Geoffroy St. IliIaioo 
has ill4istoo strongly 011 the high importance of relative 
rouncxion in homologotl3 organs: the IllLrta mayrbnnge 
to almost My extent in (orm and size, alld yet they 
a\wnys rcmrull connccted together in the snffie order. 
Wo lle\'er find, for instance, the bones of tllO ann nnd 
fOJ'l."arm, or of the thigh and leg, transposed. lienee 
tho IIQme names can be gh'en to tllO homologous bonCl 
in widely different animals. We 800 the same great 
law in the constnlction o( the mouUls of insects: what 
ran be moro diO'ereut than tbe immellllCly long Bpirnl 
proboecis of II. sphinx-moth, UIO curious folded olle of II. 

bee or hug, and the great jawa of n bocUe ?-101 aU 
thCflO organs, ecrving for such difl"creut purpoaes, are 
formed by infinitely Ilu~erous modilh'atiollll of an upper 
lij\ mandiblCfl, nnd two pairs of nlluillre. Analogow 
IawlI govcm tho construction of tho mouths and limbs 
of crustnceauFi. So it is with UlO Howe", of plants. 

Nothing can be more hopeless tlum to attempt to 
e:llllain this similarity of pattern in roemben of the 
18mB clll.'lS, by utility or by tbe doctrine of final eauses. 
The hopclcesnetll of the attempt has been cxpl'Cl81y 
.dmitted by Owen in his mOlll interesting work on the 
• Nntllro of Limbe: On Uw ordinary vie\'\' of tho inde
prodent creation of each being, 1'1'0 can only lI&y that 80 
it is;-that it hlUl pleased tbo Creator to constmct all 
tOO animals and plants in eachgrootclasson8 unironnly 
regulated plan; bllt tbis is not a scicntific cxplanation. 

Tho explanntion is manifest on the theory of the 
aatuml selection of successive slight modificatioll.8,
f*:h ro()(tification being profitable ill IOIllO way to tho 
IIIOIlifil-d form, but often affecting by COl1'clatioll or 
srowth oilier parts or tho organisation. In changes 
01 thia nattm', tbere will be little or no tendcncy to 
1IKX1if1y the original pattern, or to transpose parts. 'file 
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bones of nlimb might be shortened nud widened to ally 
extent} Bnd become gradually enveloped in thick mem
brane, 80 as to serre as 8. fin; or a webbed foot might 
htwe all its bones, or certain bones, lengthened to nny 
extent., and the memhnmo connecting them increased 
to any extent, so as to servo t\8 a wing; yet in 011 tbis 
great amouut of modification thore would be no tendency 
to niter tbe framework of the bones or the relative con
nexioo of the several parta. If we suppose that the 
ancient progenitor, the archetype 1\8 it may be called, of 
all mammals, had its limbs constructed on tho c:dsting 
general pattern. for vrhateycr purpose they served, we 
can at once perceive the plain e.ignification of the homo
logous construction of the limbs throughout the wholo 
class. So with the months of insects, we ha\"e only to 
suppose that their common progenitor had an upper 
lip, mandibles, and two pair of mnxilloo, these pru1:s 
being perhaps ycry simple in form; and then natuml 
selection will acoount for the infinite di,'ersity in stnlc
ture and function of the mouths of insects. Nevertheless, 
it is oonceimble that the geneml pattern of an organ 
might become so much ObscUlW ns to be finally lost, by 
the atrophy nnd ultimately by the complete abortion of 
certain paris, by tbe soldering together of other purls, 
and by the doubling or multiplication of others,-'"fl rla
tions which we know to be within the limits of possibility. 
In tho pad<Ues of the extinct gigantic sea-lizards, and 
in the mouths of certain suctorial crustaceans, the 
general pattern seems to have been thus to a certnin 
extent obscured. 

There is another aud equally curious branch of the 
present subject; namely, the compnrisonnot of the same 
part or organ in different members of the same clAss, but 
of the different parts or organs in the same individual. 
:il,£ost physiologists believe that the bones of the skull are 
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homologous with-that is, correspond in number und in 
relative connerion with-the elementul ports of a certain 
number of vertebrro. The anterior unci posterior limbB 
in aU the members of tlle vertebrate classes fU"(! plainly 
homologous, So it is with the wonderfully complex jaws 
IUld legs of crustaceallS, It is fn.mi linr to almOl3t eyary 
one, thnt ill a flower the relative position of the sallalS, 
petals, stomens, and pisti.l.s. as well as their intimate 
stnlctUte, are intelligible on the view that they consist 
of metamorphosed leaves, arranged in a spire. In mon
strollS plants, we often get direct evidence of the possi. 
bility of 01)0 organ being transformed into another; and 
we can actually see in flowers during thcir early develop
ment, as well as in crustaceans and many other animals 
during their embryonic states, that organs, which when 
mature becomo extremely different, a.re at au early stage 
of growth exactly alike. 

How inexplicable nre theso facta 011 the ordinary 
view of creation! Why should the bmin be onclosed 
in a box composed of such numerous and such extrn
ordinarily shaped pieces of bone? A.s Owen has re
marked, the benefit derived from the yielding of the 
separate pieces in the act ofparlurition oCnmmlllsls, will 
by no means explain the same COllStruCtion in the skulls 
of birds and reptiles, Why should similar bones lw.ve 
been created in the forma.tion of the wing and the leg of 
a bat, used as they arc for such totally different purposes? 
Why should one crustacean, which bas an extremely 
complex mouth .formed of many part.s, consequently 
always have fewer legs; or conversely, thOiKl with lllo.ny 
legs hal-e simpler mouths? Why should the sepals, 
petals, stamens, Iilld pistils in lilly indil-iduul flower, 
though fitted for such widely different pUI'}XJEleS. be all 
constructed nn the srune patten} ? 

On the theory oCnaturol selection, we can sutisfnctorily 
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answer these questions, In the yerlcbmw, we sec (l. 

aeries of internal "crrebrro bearing certain proccSSCfl 
and appendages; in tho nrliculnta, we ICO tho body 
divided into a seriC! of segments, bearing cxternnl np
pcnda.:,o7CS; and in flowering plants, we sec 0. series of 
suCC(!S.;li,"c spirol whorls of lea\'eg. An indefinite repeti
tion (If the snmo part or organ is tho common charac
teristic, 1\8 Owen hILS observed, of aU low or little 
modified forms; therefore we may readily belio¥!) that 
tho unknown progenitor of tho ycrtebmta possessed 
mllny vcrtebrro; tho unkuowll progenitor of the ani· 
cuJata, mallY segments; nnd tho unknown lltogcnitor 
of lIowering plants, many spiml whorls of il'(wC& We 
hAVO formerly seen that parts ruany timea repeated 
are eminently Iiablo to \'ory in number and structure; 
oonscquently it is quito probable that nntuml selection, 
during a IOllg-continucd course of modification, shouM 
havo seized all a ccrtain llumber of tho primordially 
similar clements, mllny times repeated, and havo 
ndapted them to tho most diverse purposes. And WI 

the whole amount of modification will have been effected 
by 6Ilocessive slight steP8, \ve need 110t wonder at dis
covering in such parts or organs a certnill degree of 
fundamental resemblanoc, retained by tho strong prin
ciple of inheritance. 

In the great class of molluscs, though we ron hOlllo
logbe the parts of ono species with tbolle of other and 
didtinct species, wo can indicate but few serial homo
logies; that is, we are seldom enabled to 8Ily that out' 
lmrt or organ is homologous with Mother in the same 
illdividutll. And wo Clln understand thi3 fnet; for in 
molluscs, eycn ill tho lowest members of tho class, we 
do 1I0t find nearly so much indefinite repetition of any 
ono part, a.9 we find in tho other groat cl88i!e8 of tbo 
animal and vegetable kingdoms. 
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Naturalists frequently speak of the skull 88 formed of 
metamorpho;;cd vertebrm: the jaws of crabs lUI meta
morphosed legs; tile stameus and pistils of flowers lUI 

metamorphosed leaves; but it would in thcso cases 
probably 00 more correct, ns ProfCf!80r lhlxley has re
marked, to speak of both skull aud vertebrt'C, both jaws 
and legs, &c., as ha\'ing been metamorphoscJ, not one 
from the other ill their present state, but from some 
common and simpler element. iUost naturalists, how
ever, IISC such language only in a metllphorico.l sense: 
they nrc far from meaning tbat during a 10llg course of 
descent, primordial organs of lilly kind-,·crtcbrro in 
the one CiUIC and legs in the other-hllvo actually been 
modified into skulls or jaws. Yet 110 strollg is tile ap
peamncc of SllCh modifications llll.ving actually occurred, 
that llat\lrali~ts can hardly avoid employ ing lnllguage 
haying this plain signification. On my "jow thcse 
tenns may bo used litenllly; alld the wondcrfnl fact 
of tho jaws, for inst1l.noo, of a crab retaining numcrons 
characters, wllich they probably would brwo retained 
through inhcrit1l.11ce, if they had really been metamor
phosed during a long course of descent from truc though 
simple legs, is explained. 

Emor!loiog!l and Dn'tlcpntnlt. 
'fhis is ouo of the most important dcpartments of 

natural llistory. Herein are included the ordinary 
mctnmorphOBCB of in~ts, with which ovcry olle is fami
liar. 'Ilmso aro generally effected somowhat abrulltiy 
by 11 fow stages and in a concealed manner; but the 
trausfonnatiollS uro in reality llumel'QUS and graduated. 
For instance, Sir J . Lubbock has J'CC(!lItiy J:lhown that 
:t c<'rtain ephemerons in~t (ChlOooIl) during its deye
IOllment moults above twenty times. and each time 
undcrgoes a certain amount of change; in such CilSCS 
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we probably behold the act. of metamorphosis in its· 
natural or primary progress. What great changes of 
structure are effected during the dcyciopment of some 
animnls is seen in the case of insects, but Btill more 
plainly with many crustaceans. When, howe,·er. we 
rend of the severnl wonderful cases, recently discovered, 
of the so-called olternate generatioll3 of animals, we 
come to the climax of de"e1opmental transformation. 
What fact can be more astonishing than that a deli· 
cate branching coralline, studded with polypi and at
tached to a. submarino rock, should produce. first by 
budding and then by trnns\'crse division, a host of huge 
Hooting jelly-fishes; 811d that these should produce 
eggs. from which are hatched swimming nnimalcnle~ 
which attach themselves to rocks and become developed 
into branching corallines; and so on in an endleSS! 
cycle? Bence it ",ill be seen that I follow those natu· 
ralists who look at 0.11 cases of nlternate generation, 
as essentially modifications of the process of budding, 
which may supervene at any stage of development. 
This vie",' of the close connection betwOOll alternate 
generations and ordinary metamorphoses haa recenUy 
been much strengthened by Wagner's discovery of the 
larva of tl. Cecidomyia,-that is of tho maggot of a fly, 
-producing asexually within its body other aud similar 
larvro; these again repeating tho process. 

It has already been remarked that various parts and 
orgnns of the srune individual animal are during all 
early embryonic period exactly like each other, but 
become in the adult state widely different and scno for 
widely different purposes. So again it has a1ready been 
remarked that the embrY08 of distinct species and genera 
within the same class are generally closely similar, but 
become when fully developed widely dissimilar. A 
better proof of too latter fact cannot be gin:n than 
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that by Von Baer, unlllely, that" the embryos of 
mammaii:l, of birdg, lizards, and snakes, probably also 
of chelonia, arc ill their earliest states exceedingly 
like one another, both as a whole Wid in tho mode of 
development of tbeh' parts; so much 80, in fact, that wo 
can onen distinguish tho ombryOf! only by their size. 
In my possession nre two littlo embryos in spirit, whoso 
names I have omitted to attach, and at present I fllll 

quite Illlable to say to what elll.'lS they belong. They 
may be lizards or smnll birds, or vcry young mammalia, 
80 complete is tho similnrity in tho modo of formation 
of the head and tnmk in these animals. The e:dremitics, 
howe"er, nre still absent in these embryos. But O\'on if 
they hnd existed iu the earliest sta.:,.-.e of their develop
ment wo should irom nothing, for tho feet of lizards an<l 
mammrus, the wings and feet. of birds, no less than tho 
hands ami feet of man, all ariso from the same funda
menthl form," The yermiform larvoo of moths, flies, 
beetles,.&c., generally resemble each oth~r much moro 
closely than do the mature insects; but in the case of 
Inrnc, the embry'Of! are active, and from M\-ing been 
fldapted for special lines of life sometimes <liffer much 
from each other. A trace of the law of cmbryonic rc
semblance, occasionally lasts till a rather late age: thus 
birds of the SIUlle genns, and of closely Il.llied gcnera, 
ollen resemble each other in their first and 1ieCOu<1 
plumage; as we see in the spotted fcathc" in the 
thrush group. In the cat tribe, most of tho specics nrc 
striped or spotted in lines; and stripes or spotB can be 
plainly distinguisbed in tho whelp of the lion and tho 
puma. We occasionally though rarely see something 
or tbis kind in plants: thus the first. lea\'os of the ulex 
or fur:>:e, and the first lcaves of the phyllodineous aca
cins, are pinnate or divided like the ordinary lea"c8 or 
the leguminosro. 

Rl The Complete Work of Charle~ Darwin OnPne 



520 EMnm'OLOOY 

'fhe points of structure, in which tho cmbryos of 
widely different i'IIumnls of tho snmo c1as.s resemblo 
each othcr, often ha,'e no direct relation to their con
ditions of existencc. \\'0 cannot, for ill~tanC(', suppose 
that in tho elllbrY08 of the vertebrata tho peculiar loop· 
Iikc COllrses of the arteries ncar tho branf'liial slits nre 
related to similar conditiollB,-in tho youug mammal 
which i~ nourished in tho womb of ita mother, in tho 
egg of tho bird which is hatched in n. ncst, and in tho 
spawn of a frog under water. \\'0 ban} no more reason 
to beHevo in such a relation, than wo havo to bcliewl 
that the similar lxmes in tho Mud of a man, wing of n 
bat, am} fin of a porpoise, are related to similar condi
tiOIlS of life. No good obscr,er will 8nppo~e thnt tho 
IItripes on tho whelp of 0. lion, or tho spots on tho YOLlng 
blaekbinl, arc of any usc to these animals, or are related 
to tho conditions to which thoy arc exposed. 

'1110 case, however, is different when au animal during 
any part of its embryonic cnrcer is ncti\'e. aud bas to 
provido for itself. The period of activity may come on 
earlier or later in life; bul whenever it comes on, the 
adaptation of tho lana to its conditions of life is ju"t as 
perfect and as beautiful as in the adult animal. In 
how important a. mallner this has ncted, has recently 
beeu well shown by Sir J. Lubbcl.=k in his remarks on 
tho clOBC similarit.y of tho larVal of somo iusects be
longing to widely different. orders, and on tho dissimi· 
larity of tho lan'oo of other insecta belonging to tho 
snlllO order, I\('('(Irding to tileir lU1bilB or life. 1:~roUl 

such adnptatiollB, especially when including' a. division 
of labour during tho different staf;(!s of development, as 
when a lnrm during ODO singe has to search for food. 
lIlld during another stago has to senrch for a placo of 
lIttachment, the similarity of the lame of allied nWlllal'f 
i~ sometimcs greatly obscured; and CMCS could be {,,'1\'(-n 
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of tho larvro of two species. or of two groups of species, 
differing much more from each otller, than do their 
adult parcnts. In mOflt cases, howe\'cr, the larvre, though 
acth'c, still obey, more or less closely, the law of com
mon emllryonio resemblancc. Oirripedes alford a good 
instllnco of tlJis: even tho illustrious Om·ior did not per
ech'o that IL bnnul.clc was, as it certnillly is, a crustacean; 
but a glauco at the lar,"a shows this to bo the caee in an 
nnmistakeablo manner. So again the two main diyj
ai0n8 of cirripedos, the pedwlcu1ated and sessile, which 
differ widely in external appearance, lIa,"e larne in all 
their stages barely distinguislmblc. 

The embryo in the course of dm'clopmont generally 
rues in organiilation: I use this oxpro8llion, though I 
am aware that it is ha.rdly posaible to defino clearly 
what is meo.ut by the orgnnisntiou being higher or 
lower. liut no 0110 probably will dispute timt tho but
terfly is higher than tho caterpillar. Iu somo cases, 
howover, tho mature animal is genornlly considered as 
lower in tho &ealo than the larm, as with certain pum_ 
Atic crustacea.nB. To refer onoo again te cirripedcs: 
the lnrvre in tbo first 8tage ham throo pail'fl of legs, a 
\'cry simplo singlo oye, and R proboecifonlloo moutb, 
with which they feed largely, for thoy incrco.se much 
in size. In tho second stage, Rnswering to the chrysalis 
stage of butterflies, they ha\'C 8ix paire of beautifully 
eQllslntctcd natatory legs, a pair of magnificent com
pound eyes, roul extremely_complex Ilntennro; but they 
lllwo n. closed alld imperfect mouth, Rud cannot foed : 
their function Ilt this s~"'C is, to 80Ilrch by t!Jeir well
,1('\'clopc<1 orgnns of &cose, and to reach by their DCti\·O 

powers of 81\-imming. a proper place on which to becomo 
attllched and to undergo their final mclamOfJ.lhosis. 
\\lIen this it completed tbey arc tiJ:ed for life: thcir 
l.>gs arc no\v con\-erted into prehensilo orgons; they 

© The Comolet Wort< of Charles Darwin nli 



522 ElIBRYOLOQl". Cru.1'.XIII. 

again obtnin n wcll-constructcd mouth; but they hrm~ 
no anoontuC. nnd their two eyes are now roconverted 
into a minute, single, and ,'cry simple eytHpOt. In this 
last. nnd complete state, cinipedcs may be considered 
I\!j either more highly or morn lowly organised tban 
they were ill UIO lar",,1 cond ition. But in some gencm 
the Inr\'ro bocomo domloped either into hennaphrodites 
hlLying tho ordinary structure. or into what. I have called 
complemental males, and in tho latter, the de¥elol~ 
ment has 8.S8Uredly been retrogrado; for tho male is Il 
morn aook, which li'fe6 for a short time, and is destitute 
of mouth, stomach, or oUler orgon of importance, ex· 
oopting for reproduction. 

We are 80 much accustomed to 800 dift'en:mees in 
etructuro between tho embryo and the adult, and like
\\;50 a cloee similarity in tho embryos of dilferent 
animals within the same elMS, that wo might be led 
to look at thCflC facts t\S in SOlDomanllcr nocessurily con
tingent on growth. But there is 110 obvious reason why, 
for instance, tho wing of a bat, or tbe fin of a porpoise, 
should not havo been sketched out with all the pruts 
ill proper proportion, as lOOn as l\Oy IItmcture became 
\is.ible in the embryo. And in &Orne whole groups of 
animals ILnd in certain members of other groups, the 
embryo does not at auy period differ widely from the 
adult: thus Owen bas remarkcd in regard. to cuttle
fish, "there is no metamorphosis; tho oophnlopodie 
clmrncter is manifested long beforo tho parts of tbe 
embryo are completed." Land-shells nnd frcsh·wnter 
crnstaoonll8 are born with their proper forms, whilst the 
marino members of these two great cla.1JSC8 pru!8 through 
oonsidC11lhlo and often great developmental changes. 
Spiders, again, borely undergo any metamorphosis. Wiib 
almost all inAcctB, tho lame. whether adapted to diversi
fled and active habits,. or remaining inactive, being plnced 
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in the midst of proper Ilutrimcnt or (cd by thcir porenta, 
yet nearly all pass through II. similllr worm-like stage 
of do\-eiopment; bill. in BOrne few ~ AI in toot of 
Aphis, if we look to tho admirable drawings by ~ 
fessor BuxJoy of the de,"clopmont of this insect, we 800 
hardly allY traoo of tho Tcrmiform stage. 

In lOme C88e8 it ia only tho esrlier developmental 
8tagea whi<'h fail; tbcee appRrenUy baTing been sup
preMed. 'rhus Fritz llilUer has receutly mado tho 
remr.rlmble discovery tlmt certain shrimp-liko crusta· 
ceallf (allied to Pellrout) fll'!31 appear nndl:'r tho simple 
Muplius-form, and passing through two or more zooo
stages, and through tho mysia-stago, finally aoqnire 
their mature structure: now in the wholo eDOrtllOt15 
mall\C08tr8ean class, to which these CJ'1lStaIXlaDI beloog, 
no other member ia as yet. known to be fhu de,·eloped 
under the nnnplins-form, though ,-cry many ni' pear 88 

1001\8 j llovcrtholC88 Milller l\88igns reasons for his belief 
tlW all these crustaeeo.ns would hnvo appcarod as nanplli, 
if there had been no suppression of deWopment i-or 
that they were primordially developed under this form. 

How, then, can we explain lbc&o Be,-eral Ca.cte in em
bryology.-namely, tho Tery general, but not uni,.crsa1, 
diiforellCC in structure betwoon tho embryo and tho 
adnlt;-oC pmu in tho samo iudividual cmbryo which 
ultimately beoome very unlike and Ben"e for w"crse 
pClrposea., being at an CDrly period of growth alike j
ot embry'08 of different specie&: within tho same c1aes. 
genenilly, but not univertally, reecmbling: each other;
of "Ie atnlcturo of tho embryo 1I0t being CI08Cly related 
to its oonditioru. of exi>;tcuoo, except when the embryo 
becomes at any period of lifo ncti.o nnd has to provide 
... il.8Clfj-<lf the embryo apJlllrcnUy haling IIOmet.imOB a 
higher organisatiou than tho mnture arumnl, into which 
it is de,"eloped? I bcliol·e that all theeo meta Ctlu be ex· 
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plailled, as follows, 011 the view of descent with modifi
cation. 

It is commonly nssumed, perhaps from monstrosities 
often affecting the embryo at a very early period, 
that slight "mriatioIlil Il~essarily appear at an equally 
early period. But we havelitUe evidence on this head
indeed the evidence rathel' points the other way; for it 
is notorious that breeders of cattle, horses, and varions 
fancy animals, cannot positively toll, nntil some time 
after the animal has bcen born, wl19.t its meritl3 or form 
will ultimately turn ont. We see tJlis plainly in our 
own children; we cannot tcll whether the child wi.lI be 
tall or short, or wlmt its precise features will be. TIle 
question i~ not, at what period of life any mriation has 
b~1l caused, but at wllat period it is fully displayed. 
'fhe cause may have acted, and I believe generally has 
acted, even before the embryo is formed; and the varia
tion lllay be due to the male and female sexua.l elements 
having been affected by the conditions to which either 
pnrent, or their ancestors, have been exposed. Never
theless an effect thus caused ata W)ry early period. even 
before the formation of the embryo, may appeal' late ill 
life; as when an hereditary disease, which appears in 
old ago atolle, has been communicated to tho ofTSIll'ing 
from the reproductive elemcnt of onc pnrent., Or 
again, as when the horns of cross-bred cattle have been 
affected by the shape of tho horns of either parent.. For 
tho welfare of a very young animal, as long as it mmaillil 
in its mother's womb, or in the egg, or as long as it is 
nourished and protected by its )Jarent, it must be quito 
unimportant whetllCr most of its characters nre fully 
acqnired a little earlier or Intor in life. It would 
not signify, for instauoo, to a bird which obtained ita 
food best by llaving Il long beak, whether or not it 
n..."Sumed a beak of this pnrticuiar longth, a.s 101ig as it 
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"lHlS fl'(l by ita parents. Hence, I conclude, thnt it is 
quite possible, that each of tho many 5ucce&.il·e modi .. 
ficstioru, by which each species hilS acquired its present 
structure, may bayo supervened at n not Yery enrly pe
riod of life; and some direct evidence from our domestic 
allimals snpports this ,·iew. But ill other cnscs it is qnito 
Il(l~~iblo that eacb successive modification, 01' most of 
dIem, may lIa,·o appeared at an extremely ('8rlyperiod. 

I ha\'o stated in tho first chapter, that there is alnrgo 
body of facts rendering it probable, Ibatat \Ibntel'er age 
ally l'oriation first appears in the porent, it tends to renp .. 
pcar. at a corresponding age ill the offspring. Certain 
nl.rilltions can only appear at oofrc8Jxmding ngca j for in .. 
stallC<!, peculiarities in the catel"}lillar, cocoon, or imago 
states of the silk·moth: or, again, in the homs of almost 
full.growll cattle. But further than tllis. variations which, 
fOf aU that we can sec, might have appeared earlier or 
later in life, tend to appear at a oorrcflpondillg age in 
tile OffS)lring and parent. I am far from meaning that 
thi:! is ill\'ariably the case; and I could gi\'e n good 
many cases of \'oriatiollll (taking the word in the largest 
&l'1bC) which hal'C supet\'ened at an curlier age in the 
child tl181l in the parent. 

'Jhe~e two principles, if their tnltll be ndmitted, will, 
I believe, explain all the aoom spedfied leading fllCts 
in embryology. llnt first let ns look nt I\, few analogous 
C88C8 in domestic varieties. Sollie authors who haye 
written on Dogs. maintain t11at tllo greyhound and bul\~ 
dog, though appearing so different,. arc really YIlrieties 
closely allied, and haye probably descended from the 
lame wild stock; hence I was cUri()1l8 to see how far 
til.-it puppic8 differed from each other: I \188 told by 
breeders Ihat they differed just 88 much as tht.'ir }lQrcn~, 
anJ thill, judging by the eye, seemed alm06t to J.,c the 
CIl.."ll; bllt on actually measuring the old dogs nud their 
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si:..-:.days old puppies, I found that tho puppies had not 
nearly acquired their full amount of proportional differ
ence. So, again, I wus told that the foals of cart and 
race-horses differed lIS much as the full-grown auimals; 
and thiB surprised mo greatly, as 1 think it probable that 
ilia difference betwoon these two breeds has boon wholly 
caused by selection under domestication; but having 
had careful measurements mndo of tho dam and of a 
throo-days old colt of a meo and heavy cart-horse, I find 
that the 00118 have by no meang acquired their full 
IUllOunt of proportional difference. 

As the evidence appears to me conclusive, that the 
several domestic breeds of Pigeon have descended from 
one wild specieB, I compared young pigeons of various 
breeds, within twelve hours after being hatched; I care
fully measured tho proportions (but will not here give 
details) of the beak, width of mouth, length of nostril 
and of eyelid, size of foot and length of leg, in the 
wild stock, iu pouters, fillltails, runts, barbs, dmgons, 
carriers, and tumblers. Now some of these birds, when 
mature, dilfer so extraordinarily in length aud fonn 
of beak, tlUlt they would certainly havo been mnked 
as distinct genera, had they been natural productions. 
llut when the nestling birds of these several breeds 
were placed in a row, though most of them could be 
distinguished from each other, yet their proportional 
differences in the above specified several points were 
incomparably leSll than in the full~grolVn birds. Some 
characteristic point.s of difference-for instance, that of 
the width of mouth--could hardly be detected in the 
young. But there was one remarknble exception to thlJ 
rule, for the young of the short-fnced tumbler differed 
from the young of the wild rock.pigeon and of the other 
breeds, in all its proportions, almost exactly as much as 
in the adult state. 

I W rI< f 
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The two principlca abovo gi\'en, nrunelytbat 'fariations 
do Dot generally suf>Cn'"cne at D. ,"cry early age, and 
that they &J'(j inherited at a correepooding age'll"batever 
that may have beeo, 800m to me to explain these acverai 
t'acts regarding the lAter devclopmental stages o( our 
domestic varieties. l~Q.lleier8 IJC.loct tJlcir horsllll, dogs, 
and pigeons, for brooding, .. hen they IU'O nearly grown 
up: they are indiffcmn\ whether the desired qualities 
and Btructurce have been acquired earlier or later in life, 
it the full-gro'll"ll animal l~ tJlom. And the CtVJe8 

just givcn, more CSJ)OCially tllatof pigeons, 800m to sbo ... 
tllat the clmmc1eristic differcllC<'B which giye ,'alno to 
each brood, Blld which lIB\'e boon oocumulated by man's 
aelectiou. havo not generally first. appeared at an ~ly 
period of life, and ha1'8 been inherited by tbe o8'~pring 
.t a cortUpOllWng not early period. But tho case of 
tho ahort-fnL-ed tumbler, which whcn h'cl,e hours old 
bad acquired ita llroper proportions, proves that this is 
DOt. tlle uni,"ers:al rule; for hero the cbarnetcristic difrcr
ences must. either 114'"0 appeared at an earlier pcriod 
than U5UBI, or, if not eo. tho differenCCfl mu,.,-t wn-e been 
_rited. not at the corresponding, but at an earlier age" 

Now let us apply these facta and the o.OOvo two 
principles to species in D. state o( nature. Let us take 
• genua of birds, dClCended on mythcory from 8Omeooe 
parent"IJeCica, and ofwhicb the &6l"cral nc ... species JlAl'e 
become mQ(lified through natum19clection in accordance 
with tJleir dil"crse ho.bits. Then. from tJle tDlWy dight 
mccessive BtcpsofytUiation hM'iog supen'cned o.t a rather 
late age, Rnd ooving been inhcriiOO at a OOI'1"eIIpondiug 
agt', tJle young of the DCW spocics of our 8UIlJ'OllOO genus 
will manifestly tend to resemble each otJlcr much wore 
eL::.ely than do the adults, just. as we have eecn in the 
e.e o( pigeons. We wayencnd tltit ,"ic ... to wholo 
Camilics or oycn cIns3Cl!. The fore-lim~ for instance, 

R) The Comolete Work of Charles Darwin Online 



528 

which served as legs in the l)arcut-specics, may have 
become, by a long course of modification, ndilpted. in 
one descendant to net I\S hands, itl auother as paddles, 
in another as wings; and on the above two principles
llamely of each successive modification supervening at 
tl rather late age, and being inherited at a corre
sponding late a.."1)-tho forc-limbi> in the embryos of 
the several descendants of the parcnt-.species will still 
resemble each other closely, for they will not hanl bci:ll 
modified. But ill each of Qur !lew species, the embryonic 
foro-limbs will differ greatly from the fore-limbs in the 
mature animal; the limbs in the latter having under
gone much modification at a rather late period of life, 
and having thus been converted into hands, or poddle£', 
or winge. 'Vhatever influenoo iong-colltiuued exercise 
or disuse may have had in modifying an organ, such 
inlluence will mainly affect the mature animal, which 
has como to its full powers of activity and has harl 
to gaill its own Ii ring; and the effects thus produced 
will be inherited at tho corresponding mature age. 
Whereas the young will remain unmodified, or be modi
fied in a lesser degree, by tho effects of use and disuse. 

In certain cases the succcssive steps of variation might 
su}>ervcno, from rouses of which we are wholly ignofllllt, 
at a yery early period of life, or each step might be 
inherited at an earlier period than that at which it first 
appeared. In either case (as with the short-faced 
tumbler) tho young or embryo would closely resemble 
the mature Imrent-form. \\'0 have seen that this is the 
mle of demlopment ill certain whole groups of animals, 
as with cuttle-fish, land-shells, fresh-water crustaceans, 
spiders, and with a few members of the great cms;; of 
insects. With respect to the final cause of the young in 
theso cases not undergoing any metamorphosis, wo call 
see that this would result from the two foUowiugconlin· 
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gendes: filflUy. from th(' youug, during a course of modi
fication carried on for mauy generations, ha"ing to 
provide at Il very OIlrly stago of deyelopmeut for their 
own wauts. and IICCOndly. from their foDowing (auel this 
might often be of advautage to tL species) exactly the 
Mmo habits of lifo with their parents; for in this case. 
it would be indispensable for the <lXistenco of tho specics. 
that tho child should be modified at Il yery carly ago in 
the same manner with ita JXlrenta, in accordaucc with 
their similar Ilabit& Again. with l'l'Rpect to tho singu
lar fact of 110 mllny terrestrial and fresh-water animals 
lIot undergoing any motmnorph08is, wlJilst tho marine 
members of tho sarno c11l8SC8 poss through "arious trans
fQrmations, Fritz i\HilIcr has suggested that if au anima.l 
during a long succession of generations had to chango 
its habits from living in the 800 to li"ing 011 tho land 
or in fresh-water, it would be a great ndvalltago to its 
descendants dnriog their modification if they were to lose 
their metamorpboees; for it is not probablo that )llaces 
well wlltOO for both tlm, lan'al and maturo .!Ilage&. 
uuder lIueh new and greatly cllanged habits of lifo. 
could be found unoccupied or ill-occupied by other 
organisms. There(oro the modification of n. marino 
animal into n. terrestrial or fwah-Imter one would gene
rally be much more eMily effected. if itl metamorphosci 
1I"ere rrupprcsaed through the gradual acquirement at on 
earlier and earlier age of Ule adult structure. 

If. on Ule other hand. it profiied the young to follow 
habits of life in ally .!Iligltt degree ditrerent (rom those of 
Ih<>ir pftrenlB nud con8OCjuently to be constructed in a 
.Iightly diffcrent manner. or if it profited lame already 
having different habits from their pe~nl.i to chango still 
further their habits. tllell. Oil the principle of inheritance 
at oorrc~Jlolldilig ngcs. the young or thclanro might be 
rendered by natumll!{'lcotion more and more differcnt 

2 • 
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from their parents to any COllceimble extcnt. Differences 
in the larne might, also, become correlated with suc
cessive stages of development; so that tho larl"te in the 
first stage, might come to differ greatly fro::n the larYro 
in the second stage, as is the case with 80 IIl.8uy animnls. 
The adult might also becomo titted for sites or habits, 
in which the organs of locomotion or of the 8Cnses, &c., 
would bo useless; and in this case the tiual metamor
phosis would be snid to be rctrogrode. 

From the reIll.8rks above made wo can fICO how by 
alterations of structure in tho young, ill conformity "hb 
altered habits of life, together with inheritanco at cor
respouding ages, the metamorph<»ICs of certain animals 
might first luwe boon n.cquircd, and subsequently tmns
mittoo to numcrous modified descendants. Fritz nuBer, 
who has recently discussed this whole subject with much 
ability, goes so fur o.s to belieyc that tbe progenitor of 
all insects probably resembled an adult insect, and tbat 
the cnterpiUur or maggot, nud oocoon or PllJ,ru stngcs, 
have subsequently boon acquired; but from tills view 
mnny uatllmlists, for inst.o.nce Sir J. Lubbock, who has 
likewise recently discussed this subject, would, it i3 pro
bable, diSflCnt. 'l 'hat certain unusual stages in the 
metamorphoses of insecf.3 havo arisen from adaptations 
to peculiar habits of life can hardly be doubted: thus 
the first larval form of a certain beetle, the Sitftris, n8 

described by M. Fabre, i3 (L minute, nctil·e insect, fur
nisb(l(1 with six legs, two long antennre, and four eyes. 
Theso Inrvro aro hatched in the nest of a bee; and 
wbcn the male-bees emerge in the spring from their 
blUTOw8, which thoy do before the females, the ]arrm 
spring on them, and afterwards take an early and natural 
opportunity of cmwling on to the female-bees. "lien 
tho latter lay their eggs, onc in each cell, on tho surface 
of tho contained honey, tho lan'a leaps on tho egg and 
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deyoun it. It then undergoes a complete change; ita 
eyes disappear; ita legs and antennm booomo rudimen
tary, and it feeds on honey; 90 that it now more closely 
resembles tho ordinary larvro of inaects; ultimately it 
undergoes further tronsformatio~ and finally emerges 
8S II. perfeet beetle. Now, if all insect, undergoing trona
fonnatiOll8 Like tbose of the Sitnri8, bnd been tho pro-
genitor of tho wholo great elass of illBOCta, the general 
course of devclopment, lI.Ild especially that of the first 
lan'al stage, would probebly ha,'e been widcly di1I'erent 
from what is actually the ca.se; and it should be espe
cially noted that tho first larval etago would not hare 
represented the ndult condition of any inscet. 

On tbe other hand it is probablo that with many 
groups of animnls the earlier larval stages do show us, 
more or leas completely, tho form of the ancient and 
adult progenitor of the whole group. In the onormous 
clflS/J of tho Orustacea, fonus wonderfully distinct from 
each other, f\/J tho suctorial parasites, cirripedcs, ento
mOlitraca. and even the malacoetraca, appear in their 
first Jan-al state under a si.milar naupliU8 form; and as 
these lame food and lh-e in ilie open sen, o..nd are not 
adapted for any peculiar habits of life, and from other 
r(!O,8()ll! aatrigued by Fritz :nUller, it is probable that 
an independent adult animal, rcsorubling the nauplius, 
formerly cxisted at 0. remote pcriexl, and ha.!s subse
quently produced, through long-oontinucd modiBcation 
along sc,'cml divergent linea of desoont, the sevcral 
above-named groat Crustacean groupe, So ngnin it is 
probable, from what we know of Ule embryos of mrun
mals, birds, fWlcs, and reptiles, that all the members 
in these four great clfiSllOS are tho modified descendants 
or 8Omo one ancient progenitor, which WM flll'llished in 
its adult stato with branchial, had a swim·bladder, four 
!;imple lim~ and n long tail fitted for an aquatic life. 

2 • 2 
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As all tile organic beings, extinct and recent, which 
have ever Ih'ed on this earth, have to be clussed together, 
and as aU have been connccted by fine gradations, the 
best, or, if our collections were nearly perfect, the ouly 
possible fl.rrnl\gement~ would be genealogical; descent 
being on this view the hidden bond of connexion which 
naturalists iI!we been socking under the term of the 
natural system. On this view we can understand how 
it is that, in the eyes of most naturalists, the structure 
of tho embryo is e.en morc important for classificn· 
tion than that of tho adult. In two or more groU})S of 
animals, however much they may at present differ from 
each other in structure and habits, if they pass through 
closely similar embryonic stages, we may feel almost 
assured that tbey hawl descended from the same parent· 
form, and are therefore closely related. Thus, eom
munity in embryonic structure rel"oots community of 
descent; but dissimilarity in embryonic development 
does not pro\'a di.scommunity of descent, for in one of 
two groups all the developmental stages may have been 
suppressed, or may have been so greatly modified as no 
longer to be recognised, throngh adaptations, during the 
earlier periOOs of groWUl, to new habits of life. Com
munity of descent will, however, often be revealed, 
although the structure of the adult may ha'-e been 
greatly modified and thus obscured; we hill-a seen, for 
instance, that cirri pedes, though externally so like shell
fish, can at once be recognised by their larvre aB belong
ing to the great class of crustaceans, As the embryonic 
state of ench species and group of species shows us more 
or less completely the structure of their less modified 
ancient progenitors, we can see why ancient and ex
tinct forms of lifo should resemble the embryos of our 
existing species, their descendants. Agassiz believes 
this to be a lnw of nature; but I am bound to confes.:; 
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that I only hope to 800 tlle Inw hereafter proyed true. 
It can be pron!(1 true only in thoee case8 in which the 
ancient state, now supposed to be represented in e.~
ing embryos, h1l8 been obliterated neither by tho me
ccssh'o mriatiOll.8 haying supen'ened at a very early 
period of growth, nor by the variations having been 
inherited at an oorlier period than tluLt at which they 
first appeared. It should al90 be borne in mind, that 
the IlUppoeed law of rcaembInlloo of ancient fonns of 
lifo to the embryonic sWgc& of recent form!l, may bEl 
true, but yet, owing to the goologicnl record 1I0t ox· 
tending far enough back in time, may remain for" 
long period, or for o,'er, incapable of demonstratioll. 

Thus, 88 it seems to me, the Iffi(Ung facta in embryo
logy, whieh are IIC(XInd iu imporwnoo to none in natural 
history, nro explained on the principlo of slight modifi· 
cations not having appeared, in tho many dCFl('(ludallte 
from some one ancient progenitor, at a ycry early 
period in the lire of each, though perhaps caused at 
the carliest, and having been inherited at a com;"t:Kmd· 
ing not early period. Embryology rillCS greatly iu in· 
tcl'(!flt, when \\'0 thus look at tllO ombryo of an animal 
as a picture, moro or less obscured, of the progenitor, 
either ill ita adult or larml state, of 0.11 the membel"ll of 
the same great e1ass. 

Ru.dimentary, MT<phied, and Aborted Orgallf. 

Organs or parts in this strango condition, bearing the 
sttunp of inutility, aro extremely common throughout 
nature. For instance, rudimentary mammro al'6 'rcry 
g.:neral with malo mamma1s: I presume that the" bas· 
tArd·wing" in birdl! may be mfely considered lUI a digit 
in R rudimentary stAte: ill "ery many sllRkes ono lobo 
of the lungs is nldimentary; in otlier snakes tlle1'O nro 
rrulimenta of the peh-is and hind limbs. Some of the 
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cnses of rudimentary organs are extremely curious; for 
instance, the presence of teeth ill footal whales, which 
wIlen grown up havo not 0. tooth in their beads; and 
tho presence of tooth, which never cnt through the 
gums, in the upper jaws of our unborn calves. It has 
even been stAted on good authority tlmt rudiments of 
teeth can be detected in tho beaks of certain embryonic 
birds. Nothing can be plainer than thnt wings are 
formed for flight, yet in how many iiUlects do we see 
wings so reduced in size as to be utterly incapable of 
flight, amI 1I0t roroly lying under wing-cases, finnly 
soldered together! 

The meaning of rudimentary organs is often quite 
unmistnkeable: for in.stancc, there are beetles of the 
same genus (and e,"en of the same species) resembling 
each other most closely in all respects, one of which will 
have full-sized wings, and another mero mdiments of 
membrane; and here it is impossible to doubt, tlmt the 
rudiments represent wings. Hudimentary OrgilllS some
times retain their potentiality, aud are merely not deve
loped: this seems to be lhe caso with tho mammro 
of male mammals, for many instances are on record of 
these organs having become well doveloped in filII-grown 
males, and lmving secretod milk. So again there are 
nonnally four doyeloped and t.wo rudimentary teats in 
the udders of tho genus Bas; but in our domestic (lOWS 

the two sometimes become developed and gim milk. 
In plants of the Bame species the l>ctals sometimes 
occnr as mera rudiments, and sometimes in Il. well
developed state. In some plants with their sexes sepa
rated, the malo flowers includo a rudiment of Il. pistil; 
IUld Kolreuter found Umt by crossing a species of this 
kind with another hermaphrodite spocics, the rudi
ment of the pistil in the hybrid offspring was much 
increased ill size; Bnd this clearly silo\\l1 how essen-
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tially alike in naturo the rudiment and the perfect 
pistil arc. 

An organ serving for two pu~ may become ru· 
dimcntnry or utterly nborted for one, (l"en the more 
importaut purpose, and relllll.iu perfecUy efficient for 
the other. Tbu! in plants, the office of UlO pistil is to 
allow the pollen-tubes to rcach tho ovules protected in 
the ol'Brium at its bnae. The pi~tiI consists of a stigma 
supported on ita style; but in 8Omo oompoeitre, the 
tunic florets, which of course cannot be fecuudated, llave 
a pistil, which is in a rudimenttl.ry state, for it is not 
crowned with A stigma; hut the style remains well 
developed, and is clothed with hairs as in other com· 
positro, for tho purpose of brushing the pollen out of the 
HUrrounding and conjoin~ anthers. Again, an organ 
may become rudimentary for its proper purpose, Bnd be 
used for A distinct object: in ocrtnill fish the swim
bladder 8(!(!DlS to be nearly rudimentary for its proper 
function of gh'ing buoyancy, but has become converted 
into a UllSCent breathing organ or lung. Other similar 
instanoos could be given. 

Organs, however little developed, if ef U!Ie, should not 
be called rudimentary: tlley may be called nascent) and 
may hereafter be dovcloped by naturnlllCioction to any 
fnrthcr extent. Rudimentary OrgnUB, on t.he other hand, 
are essentially useless, as teeth which never cnt through 
tbe gums. As thoy would be of still less usc, wben in 
a still Ices deyeloped condition, tbey cannot under 010 
present state of things lJBve been fonned by natural 
selection, which nets solely by tho prcservation of uscrul 
modifications. They relate toa former condition of their 
possessor, and have been retained, as we sholl see, by 
inheritance. It is dillicuit to know wbat organs are 
uascent; looking to Ole future, wo cannot of COUnIC tell 
how any JXIrt will be developed, and whether it i3 DOW 
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ill a 1lllSCent condition; looking to the pnst, creatures 
with an organ in a nascent condition will generally have 
be<!n Buppluntoo by their successors with the sume organ 
in a more perfect and developed condition, and conse
quently will not now exist. The wing of the penguin is 
of high service, n.cting us a fin; it may, therefore, repre
sent the nascent state of the wing; not that I believe 
this to be the case; it is more probably a reduced Orgall, 

modified for a Ilew function: the wing of the Apteryx, 
on tho other hand, is quite useless, and is truly nIdi
mentary. The simple filamentary limbs of the Lcpi. 
dosiren apparently are in a nascent state; for, as Owen 
has recently remarked, they are the" beginnings of 
organa which attain full functional dm'elopment in 
higher vertebrates." The 'mammary glands of tho 
Ornithorhynchus may, probably, be considered, ill com' 
parison with those of the cow, as in a nascent condition. 
The ovigerous Crena of certain cirri pedes, which nre 
only slightly do\"Olopoo and which ililYe ccased to givo 
attachment to tho ova, are nascent hrnnchire. 

Rudimentary organs in tho individuals of the sarno 
species are very liable to vary in degree of development 
and in other respects. ].[oroover, in closely nllied 
species, the degree to which the same organ has been 
rendered rudimentary oceasionatly differs much. This 
latter fact is well exemplified in the state of the wings 
of female moths in certain groups. Rudimentary organs 
may be utterly aborted; and this implies, that we fincl 
ill an animal or plant no truce of an organ, which 
analogy would lead us to expect to find, und which 
is occa,gjonally found in monstrous individuals of the 
species. 'I.'hus ill some Scrophulariaccro we rarely find 
even a rudiment of n fifth stamen; but this may BOrne
times be seen plninly or fully developed. In trueing 
tho homologies of the same pnrt in different mem-
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ben of the same class, nothing is morc common, or 
morc llCCC6Sal')'. than the use and disoo,ery of rudi· 
menu. Thie is well shown in the drawings gi.en by 
O"en of the bones of tho leg of tho horec, Ol:, nnd 
rhinoceros. 

It is aSI important fact that rudimentary orgalls, sucb 
III tccth in tho upper jaws of whales and ruminants, 
Cfln often bo detected in tho embryo, bnt Bfterwards 
wholly disappear. It is also, I believe, a utllveJ'88.l 
mle, tllBt a rudimentary part (lr organ is of greater 
size rclath'ely to the adjoining ports ill the embryo, 
thau in the adult; 80 that tho organ at this early ~.-.e 
.ig less rudimentary, or eveu cannot be said to be in any 
degree rudimentary. Hence, also, a ntdimentnry organ 
in the adult is often said to have retained its embryonic 
condition . 

1 have 1I0W gh'en the leading facts with respect to 
nldimentary organs, In reflecting 011 them, every OnG 

must be struck with astonishment: for the snme reasoll
iDg power which tells us plainly that most parts and 
organs arc exquisitely adApted for C<"rtain purposes, 
tells nii with equal plainnCS8 that these rudimentary or 
atrophied organs are imperfect and llilCI~. In works 
on natural history rudimentary orgallS arc generally 
said to hav6 been created" for the sake of symmetry," 
or in order "to complete the IICheme of nature;" but 
this seems to me no explallatioll, merely BIl imposillg 
l'tHItntement of the fact. WouM it bo thought Bufficient 
to lilly that becnuse planets revolve ill elliptic courses 
round the 8un, lIide-llites follow tho !!tUllO COllrse round 
tbl'lr planets., for the snke of symmetry, and to complete 
tbe scheme of nature? .An eminent physiologist ac· 
«Iunts for the presence of rudimentary organs, by sup· 
posing that they scn'e to el:crete mntter in el:CCAA, or 
injurious to the system; but ('IlIl we 8uppose that tlw 
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minute papilla, which often represents the pistil in male 
flowers, and which is formed of mcro cellular tissue, CRn 
thus aet? Co.n we suppose that tbo fonnatiou of rudi
mentary teeth, which arc subsequently absorbed, can be 
of any service to tho rnpidly growing embryonic calf by 
the excretion of prooious ph06phato of limo? When a 
man's fingers have been amputated, imperfect nnils 
9Omotimcs nppoor on tho stumps: I could as soon be
lievo that t1lc&O ,"ostiges of nnils luwo appeared, not 
from unknown laws of growth, but in ordor to excrete 
horny matter, ns that the rudimentary nails on tho fill 
of the manatee W('l"O formed for this purpose. 

On my view of dceoeut with modification, the origin 
of rudimentary Orgall£l is simple. We have plenty of 
ca.JJC8 of rudimeutary organs in our domestic produc
tions,-as the stump of a tail in roillcss brceds,- tlie 
vostige of au caf in ool'less brecds,-tho renppen.mnce 
of miuute dangling horns iu hornless breeds of cattle, 
more especially, according to Youatt, iu youug auimaL'\ 
-and the state of the whole flower ill tho cauliflower. 
We often see rudiments of "anom parts in monsters. 
liut I doubt whether ally of thC86 cascs throw light on 
tho origin ot mdimentary organs in a state of nature, 
further than by showing that mdiments can be pro
duced; for I doubt whether species under nature ever 
undergo abrupt changes. I belioye that disuse hE13 been 
the main agency; that it bas led in suooessh'e genera
liOlUl to the gradual reduction of "BriOUS organs, until 
they have become rndimentary,-as in the Cl18Il of the 
eyes of animals inhabiting dark caverns, and of the 
wings of birds inhnbiting ocealtic islands, which }un'll 
seldom been forced to take flight, and hal'e ultimately 
lost the power of flying. Again, an organ nseruI undl't 
certain COD<litiollfl, might become injurious under othe .... 
as with the wings of beetles living on 8Illall and expo .. ed 
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islands; Aud in this cnso natuml selection would con
tinue slowly to reduco tho organ, uutil it was rendered 
harmle8llaud rudimentary. 

Any ehlUlge in functiou, which can be effected by 
insensibly amall aWl" is within tho power of nntuml 
selection; 90 that an organ I'Cndered. during changed 
habits of lire, useless or injurious for ono purpose, might 
be mOllified IUld used for another purpose. Or au organ 
might be retained for one alone of ita former funetions. 
An organ, when rendered uselces, may well be variable, 
for its variatioll! cannot be checked by natural selection. 
At whate\'er period of lifo disuse or selection reduces au 
organ, and this will gcnomUy bo when tho being htLS 
come to maturity and to its full powers of action, tho 
Ilfwc.iple of iuheritanco at colT()8ponding ages will rellfO.. 
duce tho organ in its reduced state at tho sarno age, but 
will seldom affoot or roduco it in tllo embryo. ~'hU8 we 
can understand tho greater relativo size of rudimentary 
organs in tho embryo, and their lesser relative sizo in 
tho adu1t. But i£ each step of tbo pl'OOO8!l of reduction 
wero to be inherited, not at the ootTOilpondillg age, but 
at fill e:r:tremcly early period of lifo (as wo ha\'o good 
rea80n to believe to be pos:;ible), the rudimentary l>art 
would tend to be wholly l08t, and 11'0 should ha\'e a case 
of complete ll00rtiOIL 'fhe principlc, also, of economy 
in organisation, explained in ft former chapler, by which 
the materials fonning any part or structure, if not useful 
to the pOSSCSiIOr, will be sa\'ed 88 far 88 is possible, 1ril.I 
probably oncn como into lllay; and this will tend to 
cause tho entire obliterotion of a. rudimentary organ. 

As the presence of rudimentary organs is thWi due to 
the tendency in cvcry part of tho organisation. which 
has long cxisted, to be inherited-we caD wlderstand, 
on the genealogical view of classificalion, how it is tllat 
srstematists 11/"'0 found rudimento.ry pans 88 useful 
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as, or e\'en sometimes more useful than, parts of high 
physiological importance. Rudimentary organs may be 
compared with the lctwrs in a word, still retained in 
the spelling, but become useleSii in the pronunciation, 
but which serve as t\ CIllO in seeking for its derivation. 
On tho vicw of descent with modification, we may COII 

clude that tho existcllCil of organs in it. mdimolltary, 
imperfect, and useless condition, or quite aborted, far 
from presonting a strange difficulty, as they assuredly 
do on the ordinary doctrine of creation, mightevcll have 
been nnticipi'ted, Ilnd can be accounted for by the laws 
of inheritance. 

Summary. 
In this chapter I have attempted to show, that tho 

subordination of group to group in all organic beings 
throughout all time; that the nature of the relationship, 
by which all living and extinct organisms are united by 
complex, rndiating, and circuitous lines of affinities into 
one grnnd system; the rules followed and the difficulties 
encountered by naturalists in their classifications; the 
vnlne set upon characters, if constant and prevalent, 

. whether of high vital importance, or of the most trifling 
importance, or, as in rudimentary organs, of no import_ 
anco; the wide 0JlJlosition in value between analogical 
or adaptive characters, and characters of true affinity; 
and other such rules ;-allllllturally follow Oil the view 
of tho common }larentage of those forms which are con
sidered by naturalists as allied, together with their modi
fication through natural selection, with its contingencics 
of extinction and di\·crgence of character. In consider
ing this view of classification, it sJlOuld bo borne in 
mind that the element of descent has been universally 
uscd in ranking together the sexes, ages, dimorphic 
states, and acknowledged varieties of tho same specie~, 
however different they may be in structure. If wo 
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extend the use of this clement of deseent,-thc only 
certainly known cause of similarity in organic beings.
,va shall understwld what i3 mcant by the natural 
system: it is genealogical in illl attempted arrange
ment) and the grades of acquired difference are marked 
by the terms mrietiOll, speciea, genera, families, orders, 
and cIl\88Cs. 

On tWa same view of descent with modification, all 
the great fRCli> in Morphology become intelligible,
whether we look to the same pattern displayed in the 
homologous organs, to whate"er pUI"))()80 applied, of the 
different speeics ill the samo cllUl8; or to the homologoU3 
po.rtIJ constructed on the same l)OUcrn in cach indh'idual 
animal and plant. 

On tho l'rincillie of 8uceessi,"c slight nuiatiollll, not 
nceessnrily or generally supel'Yening at (L ycry early 
period of life, and being inherited at a corresponding 
period, wo can understand the great loading fucts in 
Embryology; llIunely, the resemblance in an indi,"idual 
embryo of the homologow parts, which when matured 
become widely different from each other in structure 
and function; and the resemblancc in different species 
of the same elass of the homologous parts or orgnns, 
though fitted in the adult membc:ra for purposes as 
difl:"erent as ill possible. !.amo arc acth'e embryos. 
wbich ILfI.,'e become specially modified in relation to 
their habits of life, through the principle of modifications 
being inherited at corresponding ages. On this samo 
principlo-and bearing in mind, that when organs aro 
reduced in si7-C, either from disuso or selection, it will 
generally bo at that period of life wh(:11 the being has to 
provide for its own wantIl, and bearing ill mind how 
strong is the principle of inheritance-tho occurrence of 
rudimentary orgallfJ and their final abortion, present to us 
no inel:plicnble difficulties; 011 the contrary. their pre-
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sellce might even have been anticipated. Tho import
anoo of embryological characters and of rudimentary 
organs in clasai/icntion is intelligible, on the "jew that an 
arrangement is only 80 far natural as it is genealogical. 

Finally, the severnl c1nsscs of facta which have been 
considered in tbis chapter, seem to mo to proclaim 
so plainly, that tho innumcrnblo species, genem, and 
families of organic beings, with which this world is 
peopled, have all descended, each within its own class 
or group, from common pnrents, and hnyo all been 
modified in the OOU1'8C of descent, that J should without 
hcsitation adopt tbis view, <n'en if it were unsupported 
by other facts or arguments. 
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OHAPTER XIV. 

n£(lJorITULJ.TIOl'l AND Col'lCLUSfOIl". 

Rocapitulatiou of thedifficultw. 00 tbe theory of Natural Selection 
- R_pitulatiou of the gt'neral aod .. leCial clmunItanos in 
iu r,YOUr - Ca~ of the general bclicl in the immutabiJily 
of lpeociN-lIO'11' far lhe tlKuy of Natural ~Iocti'-'n mar be 
u:ttuded- Effectl of iu adortion on the atudy of NaIUraL 
lliItory - Coneluding remarb. 

As this whole volume is ono long argumcnt, it may be 
convcnient to the reader to ham the loading facts and 
inferences brioRy rccallitulatod. 

That msny and serious objectiolls msy bo Mmncro 
agnillst the theory of dcsccnt with modification through 
I\aturn.lsclection, I do not deny. I have cndcamurcd 
to give to them thcir full force. Nothing at first can 
appear more difficult to believe than tlmt the more 
complex organs and instincts should havo been per
feded, not by mcans IiUperior to, though analogous witb, 
human reason, but by tho nocumulation of innumerablo 
slight mriations, each good for tho illclividual poEiSCl!9Or. 
NevortheleAA, this difficulty, though appearing to our 
imagination ilUupcrably great, cannot be considered real 
if we admit tho following propoWtions, namely, that all 
orgn.ll1J and instincts are, ill over &0 slight a degree, 
mriabla--tbat there is " struggle for existence loading 
to the proscrvation of each profitable deviatiou of struc
ture or instinct-and, laatly, that gradationa in tho pcr
fection of o,·ory organ may havo exi!ted, each good of 
its kind. The truth of those propooitions cannot, I think. 
he disputed. 
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It i~, no doubt, extremely dillieult even to oonje<!
ture by what gradations many structures have beell 
perfectcil, more especially amongst broken and failing 
groups of organic beings, which hll\·o suffered much 
cxtinction; but wo see 80 many strougo gmdatioll8 in 
natnre, that wo ought to be extremely cautious in snying 
that any organ or instinct, or any whole being, could 
not have arrived at its present stato by lUany gmduated 
steps. 'f her;) nrc, it must be admitted, Ca8CS of special 
dimculty on the thoory of Ilatuml selection j and one 
of the most curious of these is the existellee of two or 
three defined cnstcs of workers or sterile females in the 
same community of ants j but I ha.e attcmpted to show 
how these difficulties can be mastered. 

With respect to tho almost universal sterility of 
species when first crossed, which forms 80 remarkable a 
contrast with the almost universal fertility of varieties 
when crossed, I must refer the reader to the recapitula
tion of the facts ginm at the end of tho cighth chapter, 
whicb seem to me conclusively to show that this stcrility 
is no more a special endowment than i.! tho incapacity 
of two distinct trees to be grafted together; but that it 
is incidental on differouoos confined to the reproductho 
systems of tllO intercrosse<l species. We see the truth 
of this conclusion ill the vast difference in the rcsult. 
when the snmo two specics are crossed reciprocally.
that is, when one species is first used as tho futher nod 
then as the mother: analogy from the consideration of 
dimorphic and trimorphic plants clearly leads us to the 
same conclusion. for" hen tho forms al'(l illegitimately 
united, they yield few or no sood, alld their offspring 
aro more or IC89 sterile j and theso fonns of the same 
undoubted species diffcl' in no respect. from ctl.ch otber 
o.'C("cpt in their reproductive organs and functions. 

Althoug11 the fertility of varieties whell illtercros.."cd 

I[:) The Complete Work of Charles Darwin Online 



ClUr.Xl .... RECM'ITJ;LATIOS. 545 

and of their mongrel offspring bas been asacrled by BO 
many authors to be universal, this cannot be considered 
t'Orreci after tho facts given on the authority of Gartner 
and Ki.ilreuter. Nor is the vory general fertility of 
mrietics, when cros&cd, surprising, when we remember 
that it is not likely that their repro<iucth'e systems 
should have Oocll profoundly modified. Moroo\'cr, most 
of the varictiCtl which have been experimented Oil haye 
been produced. under domestication; and aa domestica
tion (I do 1Iot mean mere confinement) almost certainly 
tenda to eliminate sterility, we ought not to expect it 
also to llroduce sterility. 

The sterility of hybriw is II. different caao from that 
of a first CI"OS!!, for the reproductive OrgnllB of hybrids 
are more or less functionally impotent; whereas in first 
ero89Of!l, the OrgtUlS of both species are of COUt"8(l in a per
feet condition. A8 wo continually Ileo that organisms 
of all kinds nro rendered in somo degree sterile from 
their constitutions having been disturbed Ly slightly 
diO'erent and now conditions of life, '1'0 lIot'(l not feel 
surprLs.o at hybrids being in BOrne degree sterile, for 
their constitutions can hardly foil to have been disturbed 
from bdug compounded of two dbtinct organisntion!!. 
This parallelism is supported by another parnllel, but 
directly oppoeitc, clll88 of facts, namely, thnt tho "igour 
and fertility of all organic.' beings are increased by 
alight cIUUlgcS in their conditions of life, and that tbe 
oiUpring of slightly modifiod form8 or varieties when 
crossed aeqnire increased vigour and fcd.ility. So that, 
Oil tho one hand, considerable changes in tho conditions 
of life and crosses between greatly modified forms, lessen 
fertility i and Oil the other band, Il.'8Iter changes ill the 
conditions of life and cros.se8 between Ie. modified 
forms, in('rcnBe fertility. 

Turning to geob'TnPh.ical distrilmtion, tho difficulties 



540 nECAPITUL.\TIO~. 

encountered on tho theory of descent with modification 
nrc seriOllil enougb. All the individuals of the sarno 
8pC<!i08, and nil tho species of the sarno genus, or 0\"011 

higher group, must hayo descended from common 
parents; and therefore, in bowel"or distant and isolated 
parts of the world they may now be found, they mnst 
in tho OOlUSO of sucCC88ive gcncmtions have l>assed from 
some ono point to oil the others. Wo nrc often wholly 
unable cyen to conjecture how this could ham been 
effected. Yet, 118 wo ha\'o reason to beliOl"O that some 
species have retained the same specific form for Ycry 
long periods of timo, cnonnously long as measured by 
yoors, too milch stret18 ought not to be laid on the occa
sioDal wide diffusion of tho sarno species; for durin!;' 
'"cry long periods thero will always lun'o been 8 good 
challco for wide migration by mnny mCRlliI. A broken 
or illtemlptod ronge mo.y often be o.ocountcd for by tho 
oxtiuction of tho spocies in the intermediate rogions. 
It rounot be denied thnt we nre as ret ,"cry ignorant of 
tho full extent of tbo 'm10Wl climntal nnd goographicnl 
changes which have nffected the earth during modem 
periods; and BUch chnnges will ob,'iously bnvo greatly 
faci litated migmtioll. As nn example,l hn\"o attempted 
to sbow how potent hns boon tbe infl nenoo of tho Glncial 
period on the distribution both of tho snmo and of re
presentativo species throughout tho world. Wo are as 
yet. profoundly ignorant of tho mallY occtUIional moans 
of transport-. With respect ,to distinct species of the 
Mmo genus inhabiting distant and isolated regioIl8, as 
tho process of modification has neceasnrily been slow, all 
the means of migration will have been possiblo during 
a \"cry long period; aud coJJ.SCquently the difficulty of 
tho wide diffusion of the species of the sarno b'CnWl is in 
BOme degree le&een(!(1. 

As on tbe theory of natural selection nn interminable 
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number of in~rmodiate forms must wwe existed, linking 
togetbcr all the BpOOics in each group by gradation! as 
fino 88 ate our present ,'arietiC8, it may be asked, Why 
do we uot ICC thcso linking forms all around us? Why 
are uot all organic beings blcndaJ together in nn inex
tricnble chnoe? With rospcct to existing forms, we 
should remember that we hayO no right to oxpect (ex
cepting in rare C88e8) to disoon:r dirtctl!l connecting 
links between them, but only betweeu eneh and eomo 
extinct and supplanted form. Even on a wide afCJl, 
'ifhich has during a long period remained continuous. 
and of which the climate and other conditions of life 
change ul8Cnsibly in going from a district occupied by 
one lJ{leCict into another district occupied by Do closely 
allied speeiCfl, we have no just right to oxpect often to 
find intermediate varieties in tbe intermediate zone. 
For we have relLSOn to belieye that only a few Sl>ccics of 
a genU8 eYor undergo eluwgo; tho other species be
coming utterly extinct and leaving no modified progeuy. 
Of the species which do change, only a fow within the 
eame country change o.t the 8IUllO time; aud all modifi
cations are slowly effected. I ha\'o also shown tbat the 
intermediate varieties which will at first probably exist 
in the intermediate zones, will be liable to be supplanted 
Ly the tdlied ferms on either hand; lUut tho latter, from 
existing in greater numbers, will genera1ly be modified 
and imprOl'ed at n quicker mte than the intermediate 
mrictica, which exist in leaser nnmbers; eo that tho 
intcnnodiate mricties will, in tho long run, be sup
Illanted and ex.terminntoo. 

On this doctrine of the extcnninatioll of an infinitude 
of connecting links, between the Ih·ing and extinct in
habitauts of tho world, and at each llUeccsail'e period 
between tho extinct nnd still older species. wby is not 
c'·ery geological formntion charged with such links? 
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Why docs not erery collection of fossil remains nfi'ord 
plain evidence of tbe gradation and mutation of the 
forma of lite? iltbough goological reeearch bas un· 
doubtedly r6l"calcd the fonner existence of many lin4 
bringing lIumCfOlliJ forlll8 of life much cloacr together, 
it docs lIot yield the infinitely mnny fine gradations be
tween past and Jucscnt spocics required on my theory; 
aud this is the moo obvious and foreiblo of tho many 
ObjectiOllS which may be urged against it. Wby. again, 
dp whole groups of allied .species appear, though ce .... 
tainly thoy often falsely appellr, to 1111.\'0 como in sud· 
denly on tho 6Gvcral geologicnl stages? Althollgh we 
now know thnt orgnnic beings appoo:rcd on this globe, 
at 8 period incalculably re1Oote, long beforo tho lowet;l 
bed of the Silurian system WIUl deposited, why do we 
lIot find beneath this system great piles of strata stored 
with tho remains of tho progenitors of tho Silurian 
fossils? For on my theory such strata must somewhere 
ha,'o been depolliWd at theeo ancient and utterly un
known epochs in tho world', history, 

I can 8ll8wer tbeeo quC8tiollll and objections only on 
tho supposition that the geological record is far more 
inlpcrfcct thall most geologiSts bcliow!, It canuot be 
objected that there bas not been time snfficient for nny 
amount of organic change; for tho lapse of timo hAs bt.~n 
80 great as to be utterly inappreciable by tho huIIUUl 

intellect. TIle number of specimcos in all our museum! 
is ab90lutdy lUI nothing oompnrcd with tho countil'l!8 
gcnemtions of countless species which c<!rtn.inly h3\'8 
existed, Tim parent-form of Rny two or morc species 
would not be in all its characters directly intenncdiat(' 
between ita modified offspring, any more tJl8n tbe rock
pigeon is directly inicnnediate in crop and tail bctwef'n 
its dcscendants the pouter and fantail pigcons. We 
should not be able to recognise n sllOCies u the parent 
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of nootl1er species if wo were to exnmine both over 80 
eloecly, unless we likewiao posse:ssed mony of the inter· 
mediate links between their IXlSt and prescnt states; 
IUld these many linb we could hardly c\'cr expect to 
discovcr, owing to the imperf'eetion of tho geological 
record. If two or three, or e\'ell mora linking forms 
'!fere disoo\"ered. they wouM simply be mnked 8.8 80 
many lieIII' species, more eSJX'Cially if found in different 
geological su~rrcs, let their differenccs be ever 80 
e1ight. N umCl'OUS existing doubtful fonu8 could be 
namoo which are probe.bly vnrieties; but who will pre
tend tlmt in future agC8 80 mn.ny fossil links will bo 
disco,'erOO, that natumlists will be able to decido whether 
or not on the common view these doubtful forms are 
Metice ? Only a small portion of the world has been 
geologicnlly explored. Only organic beinga of certnin 
c1aasC:fl enll be prcsc.n'oo in n fossil condition, at least in 
any grent numbe:r. Arany species when OIlCO fonned 
Dt>\'cr undergo any further clwJ.ge, bUl becomo extinct 
without leaving modified descendants; and the periods, 
during 1fbich species bayo undergone modification, 
though long as measured by years, hlwe probRbly been 
.hort in comparison with the periods <luring wili{'h thoy 
havo rotained the samo form. It ia the dominant aJl(i 
widely muging species which vary m08t frequently and 
Tar), most, and nrietiCi are onen at fim. local-botb 
ttoU9C8 renderingthcdi!Jooveryof intermediate linbin any 
000 fonnntion less likely. Loca.I ,-arictice will not spread 
into other Bnd distant regions until they aro consider· 
ably Ul()(lified and impro\'oo; and when they do spread, 
if di..roverod in a gooIOf,-ica1 formation, tlley will appear 
u if suddenly created thero, and will bo simply elnesed 
.. n('w speciCil. M08l fonnatiollB ha\"e bN>n int('nnittent 
in th<'ir aecumu1ation; and their duratioll has probnbly 
ktn shorter than the a\'emge duration of speciBc fonna. 
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Successive formations are in most cases separated from 
each other by enormous blank intervals of time; for fos
siliferous formatiolls thick enough to resist future degra
dation can generally be accumulated only where much 
sediment is deposited on the subsiding bed of the sell. 
During the alternate periods of elemtion and of sta
tionary level the record will be generally blank. During 
these latter periods there will probably be more vari· 
ability ill the forms of life; during periods of subsidence, 
more extinction. 

Witll respect to tho absence beneath the lowest Silu
rian strata of formations rich in fossilB of Illany kinds, 
I can recur only to the hypothesis given in tbe ninth 
chapter. That tho geological record is imperfect all 
will admit; but that it is imperfect to tho degreo which 
I require, few will be inclined to admit. If we look to 
long enough intervals of time, geology plainly declares 
that all species have changed; and they have changed 
in the manner which my theory requires. for they lla,e 
changed slowly and in a graduated manner. Wo clearly 
see tlus in the fossil remains from consecutive forma
tions invariably being much more closely related to 
each other, tbM are tho fossils from formations distant 
from each other in time. 

Such is tho sum of the severol chief ObjectiOllS and 
difficulties which may justly be urged against my 
theory; and I Mve now briefly recapitulated the answers 
and explanations which can be given to them. 1 have 
felt these difHcultielJ far too heavily during many years 
to doubt their weight. But it deservelJ especial notice 
that the more important objections relate to quclJtioDl 
on which wo are confessedly ignorant; nor do wo knoW' 
how ignorant we are. Wo do not know all tho possiWe 
transitional gradations between the simplest and the 
most perfect organs; it cannot be pretended that we 
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know all the "aned menns of Distribution during the 
long lap8e of yean., or that we know how imperrect the 
Geological Reoord is. ScriouJ aa these I!e"eral diffi· 
eoJtit>S are, in my judgment tbey do not overthroW' 
the theory of dC8CCnt from 0. few llrimordinl forma with 
subsequeut modification. 

~ow let ns tum to the other lido of the argument. 
Cooer domestication we see much \"ariability. Tbia 
le('ms to be in part due to the reproductivo system 
being emiuently slIlOOptible to changell in tbe t'Ollditions 
oC life; 80 thnt this system, when not reudered imflOteut) 
(ails to reproduoo ofl"8Jlring exactly like the pareut.Corm. 
Variability is goremed by many complex lan,-by 
enrrelation of growth, by we and llgUge, and by the 
direet action of the pby;tie:al couditions of life. There is 
much difficulty in MCcrto.ining how Ulucb modiilco.tiOll 
onr domestic productions ha,'O undergone; but we lUay 
.rely infer that tho amount haa been large, and that 
mod.ifications can be inherited (or long periuds. As 
long as the conditioOl or life remain the same, we havo 
rea80Q to belieTo that n modifil'8tion, wh.ich baa already 
boon inherited 101' mnny gcncmtions, mny continuo to be 
inherited for an almOllt infinite number of generations. 
On tho other hand, we have e"idenee that variability, 
.hen it baa once come into play, doe. not whoUy ceuo; 
ror new varietilll are ltiU occaaionally produced by onr 
moet anciently domesticated productioDs. 

lInn doclI not BCtually produce variability; he only 
tmillteutionally expoect organic beings to new ronditions 
at life, and then nature acta on tho organisation, and 
tall1lCil ,-ariability. But man can and dOOI lelert the 
tariationa gi\"cn to him by nature, aud thus a.ocumulatc 
them in any dcaired. manner, He tbUll adapta animals 
and 1lluuta for hill own benefit or r lenllure. lIe may do 
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thie methodically, or ho may do it unconsciously by pre
serving tho individuals most useful to him without auy 
thought of altering the breed. It is certain that he can 
largely influence tJIC character of II. breed by selecting, 
in each IJI1L'C(!ssivo genemtioll, individual differences f!() 

sJight as to 00 inappreciable by nu uneducated eye. 
This process of selection has boon tho grcut agency in 
the production of tho most distinct and useI'ul domestic 
brecilll. 'l'hat many of the hreedJ produC<!d by man 
have to a large extent the character of natural species, 
is shown by the inextricable donbta whether "cry many 
of them are nineties or aboriginally distinct species. 

Them is 110 obvious reason why tile principles which 
have acted 90 efficiently under domestication should not 
ha,"o acto<iuuder nature. In the prescn-ntioll of fa\'ourOO 
indi,'iduRls and races, during the constantly-recurrent 
Struggle for Existence, we 800 the most powerful Dud 
ever-oct.ing means of solectioll. The struggle for exist
enco inovitably follows from the high geometrical ratio 
oC increa.so which is common to 011 organic beings.. 
This high mte oC increase is proved by ealentotion,-by 
the rapid increase DC many animals and plants during a 
sueeolilrion DC peculiar sensons, or when naturalised in 
a. now country. More individuals oro born than can 
possibly 6I1n-i,-e. A groin in the balance will determine 
which individual shallli,-e And which sholl die.-which 
variety or species shall inCr'C1186 in number, And which 
sholl decrease, or finally becomo extinct.. All tho indi
viduals of tho sarno species como iu nil respects iuto the 
closest competition with CRch othcr, tho struggle will 
gcncrally be m()8t r;cvero between thcm ; it will be ruman. 
cquruly sovcre betwoon the varicties oC theso.mo speciea, 
aud next ill severity between the species oC the same 
g!'nu8. lint the struggle will OftCII be ,-cry 6(were be
tween beings most remote in tho &ePle of nature. Th~ 
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slightest Ildmntage in one heing, at any age or during 
any &eruIOn, oyer those with which it ('Om~ into c ... mpeti
tion, or better adaptation in bowe,'er ~light a degree to 
the surrounding physical colldition!!, will turn the balance, 

With animals hllving sepamlM sexes there will in 
most CllSOS 00 a struggle between tIle males for the pos
scAAioll of the fcmal~, 'I'he mO!!t Y;goro\ls mail's, or 
th~ which wwe moo successfully struggled with their 
conditions of life, will gellcmlly Icaxe most progeny, 
But sUCC(':S$ will often depend on the malCfl ha"ing 
~p(,oCial wcapons or rnetl.ns of dcfc!Ilc(', or 011 their cbanns ; 
and the slighcst Ild,'antage willlearl to yictory, 

_\5 b"(.'Ology plainly proclaim!! that ('tlCh land bas 
undergone great phyBicni cMnge>', \fC might have cx
pt'('ted that organic beings wouM ha,'O Hmed under 
nature, in the mOle way as they generally lum' yaried 
under the changed conditions of dom('sti(>ntion, And 
if tllcre IX' allY variability ulI(le1" 1Ul.lnr", it would be all 
unneoountable fact if natural ecl(!('tioll har! not collie 
into play, It hns often OOcn asscrte<I, but the 4SS('rtion 
is quite iucapo.ble of proof. that tho amount of varia
tion under nature is a strictly limited quantity, ~Ian. 
tllOugh acting all external charaet(>rt o.lnne nnd oficm 
capriciously, call produce \\ithin a short IlI'riod IL great 
result t,y adding up mcm indi"idual dilTerenC('8 in his 
dome!ilic productions; and every aDO o.dmits that there 
am at ietl.st intlividual differences in species und.er na
ture, l)ut, OO"i<1es such differencc", all natumlbts lu,,'e 
admitted tho existence of \'arietiell, wllich tll{'Y ha"e 
ron.!'iderOO sufficiently distinct to be worthy of record ill 
th"ir systematic works, Xo onc cal\ dm',. any clear 
IIL4illction betwccn indi"fidual difference. aud slight 
,-arieti('8; or between more plninly marked nmelie;; 
and sub-l'peciCfl, and speci('!\. On ,;o'paratc contincnb. 
Dnd on difTt·rcnt parts of tli(l same continent when. 

2 • 
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divided by bnrrierQ of any kind, and on the seyerl}l 
islll.llds in tho salllO archipelago, what Il host of forms 
exist, which somo experienced Ilaturalista rftnk as mero 
varieties, others 08 googmphical races or sub-species, and 
OtllOrs as distinct, t1101lgh closely allied species I 

If then animals f!,nd plants do vary, let it he ever so 
slowly or so littlo, why should we doubt that variations 
in some way useful to them under their extremely com
plex relations of life would occasionnlly occur, und then 
be preser\'ed and uecumulatcd by natural selection? 
Why, if mau eUIl by patience select ,'nriatiolls most 
U3Cful to himself, 81lOUld nature fnil in presen'ing or 
selcetiDg yariations uscful, under changing conditions of 
life, to her lh'ing products? What limit cnD be put to 
this power, actillg during long ages Bnd rigidly scruti· 
nising the wholo constitution, structure, and habits of 
euch cl'eature,-fayourwg the good Dnd rejecting tho 
bad? I can see 110 limit to this power, in slowly and 
beautifully nda.ptiDg each form to the most complex 
relations of lifo. 'l'he thoory of uatuml selection, e\'en 
if we looked no farther than this, seems to me to bo 
in itself proooble. I have already rccnpitulated, as 
fairly as I could, the opposed difficulties and objcetiollS: 
now let U8 turn to tl10 special facts and arguments ill 
favour of tho tboory. 

On the yiow that species are only strongly mll.rkod 
and permanent varieties, and that each species fin;t 
existed as a mriety, we can soo why it is that no 
line of demarcation can be drawn betwecn specil'S, 
commonly supposed to have been produced by special 

~~~a~~cc=:o:I~~~O~a~~c:so~~::: la~:. a~~;:!:~~ 
yicw we can understallCi how it is that. in co.ch region 
where many species of a genus havo been produced, 
and where they now flourish, thoso samo species should 
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preecnt many YBrietics; for whero tho ml1!lu(nctory of 
8pf'Cil'!l hILI! been actin~, we might cxpect, &I a general 
mit', to fin(1 it .till in action; an.l this is the ("fW' if 
rari.·ties be incipicnt species. norcow.'r, tho flll('('ies 
of the Inrgcr genera, which atTord tho great number of 
,'nricties or incipicnt spccieA, retain to a C{'rtoin degree 
the clinmct<>r of '·lI.ricties; for thoy <liffer from ('RCh 
other by II. I. amount of differeuro than do the IJlf'I'ies 
of amaller g<'nera. 'rhe cl08dy allif'l'il]lC!r('ia. aho of the 
Iarger genera apparently have reslrirlt .. 1 nmgN,. Rnd in 
their "mnitia. thoy are ciustt'tell in little ~uI"" rouml 
other speciCfJ-in both of ''fhicb ro.l'ICI"ta thC'y rt·.,.-.mblo 
rarictice. 'l11C~ are strange reiatiOIl/l on tb" ,·i,·w that 
each apcciel \'f8iII independently creek>d, but aN intelli
giblo if each exieted first as & varil-ty . 

.is each tipocice tends by its geometrical ratio of 
n>productioll to increase inordinately in number; and 
as the modified de8CCndnnts of enL'h spe<'it .. will be 
enabled to Wttea8C by 90 much tho more ILl! thry 
~'ome diversi6ed in habits and atrurture, 10 88 to be 
enabled to teize on many and wid,·ly dift't'rent p~ 
in the economy of nature. tbcre will be a l'Onstant 
tendency in natnml selection to JlI'Ck·no the most 
dhwgcnt offilpring ohny ono sl)C('i('~, HenN', during 
a long-oontinued course of modillrntion, tho llight 
difJ'crencea, characteristic of "ar1etict of the lIUTle Ipe
ciC!'!, tend to be augmented into tbo grooter difrerence8 
c1lfLrnctCriBtic of tllO species of the MUle gellulJ. New 
and impro,'cd vnrietiCII will inevitllbly SIIPlllllut nnd 
exterminate tho older, lC88 improved and intermediate 
varieties; nnd tllUB Ipccies are rendered to n large extent 
dt'-fined IlD.d distinctobject& Dominant spet'ir~ hfoJonging 
10 tho larger groupil within ench eta. tend to give birtb 
to new and dominant forms; 110 that each large group 
tf-nds to become stilllnrger, and at the samo timomoro 
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di"crgcnt in character. liut as all groups cannot thus 
succood in increasing in size. for the world would not 
hold them, tbo more dominant groups bent tho less 
dominant. This tendency in the largo groups to go on 
inctcllBing ill size and diverging in character, together 
with tho nlmost inc\'iti\blo contingency of much extinc
tion, explains the arrangement of all the fonns of tire, in 
groups subordinate to groups, nil within n few great 
classes, which has prevailed thronghout all time. This 
grand filCt ohho grouping of all organic beings is utterly 
iucxplicablo 011 the theory of crentioll. 

Ail nntuml selection ncts solely by accumulating 
slight, BUCCC8Si,'c. favourable variations, it cnll pnxluce 
no great or sudden modification; it can act only by 
"cry short RlId slow 81Cps. nence the canon of "N atum 
non fneit snltUll," which O\'oI')' fre!'h addition to our 
knowledgo tends to make tmer, is on this thlWry simply 
intelligible. "r 0 can 900 why throughout natura tho 
samo geneml end is gnined by an almost infinite diversity 
of means; for c,'ery peculiarity when oncc acquired is 
long inherited, and stnlctUre8 already din!rsified in many 
ways hlH'O to be adapted for tho samo geneml purpose. 
We can, in short, lJeO Ilhy nature is prodigal in ,'ariety. 
though uiggnrd in innovation. But why this should be 
a law of natura if each species had been independently 
created, no man can explain, 

Many other facts are, as it seems to me, explicable 
on this theory. How stmnge it is that a bird, under 
tho form of woodpecker, should have been created to 
prey on insects on the ground; that upland geest', 
which no,'cr or rnrely swim, shon1d havo been created 
with webbed feet; that a thrush should bRI'O been 
created to dive and feed on 8ub-o.quatic insecta; nnd 
that a petrel sheuld havo been created with babite 
and structure fitting it (or tbe lifo o( an auk! and 110 
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on in endlCM other cases. But 0 11 tho ,jow of ('nch 
"pecics con.9tantly tryiug to ineretUlO ill number, \\;th 
IIAtural 8eJeclioli ahm)'ii ready to adapt tho s10wly Ylll'y' 
iug dC8C(!ndnntiJ of each to Bny unoccupied or iII-oceu
Ilied plaeo in nature, these facts cease to be 8trnnge. or 
p('rliaps might even have boon anticipated. 

Wo can understand how it is that such hannonioWl 
bennty generally pre\'ails throughout nntlll'e. 'I'hat there 
are cxcepliollll according to OUI' idoo.!! of beauty, no 
ono will donLt who will look III some of the \'cnomon.!! 
IIllakl'8, at lOme rl:!.h, and Ilt certain hidcoU8 bnts with ft 

distorted resemblaneo to tho hUlllan face. Sexual selec
tiolt ha.s gi\'C'n, generally to tho mal{,8 alono Lut BOIll!'

timea to both seXCII, tho mOi!t brillillllt and brolltiful 
colours, 111 well as otber oruamrutll, to Hur birds, butter
fli ell, and 1\ fow other Ilnimnls, It has I'Cnder('f1 tbe 
\'oiccs of many malo birds Illusieal to their femalCII, as 
\\'cl1l\8 to our care. Flowcl'8 and {mit havo hccn ren
dered eOllspieuolis by gaudy colours in contrfl.ojt with 
tbe green fuliag(', in order that tho flowers might '* 
easily 8t.'t..'n, \'i~itw. and f"rtili5t. ... 1 by illdO..·dg. 4J) • .1 th,· 
fruit havo their see<ig dis:!o.ominatl'(l loy Lints. A.lld 
lastly, 8Omo livingobjeets ham become Oooutifnl through 
mere ,,)'mmetry of gr\lwth, 

As natural IIdcction ncts by competition, it adapt! 
the inbabitants of each country ool~' in rdution to the 
dl'groo of pcrfection of th(l ir assoeiutes; I!O that we 
need fcel no sUl'pri!16 at tho inhabitants of ally one 
coulltry, although 011 the ordinary view 8upposed to lun-e 
Ix-cll 8pcdally crented and adapted for that country, 
being benten and supplanted by tho Ilatumliscd produc
tions from nllother IBud. Nor ought we to marvel if 
all tho contri\"8I1CCi1 in nature be not, ft.9 filr 8.11 \\0 can 
jruloe, nlJ",.)lulcly perfect; and if Somo of them be ab
horrcnt to our idl'tl..! of fitness. Wo need not man'elnt 
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the sting of the bee causing the bee's own death; ut 
droncs being produced in such YllBt numbers for one 
singlo net, with the greut majority slaughtcred by their 
sterile sisters; at the astonisbulg waste of pollen by our 
fir-trcoaj at the instinctive hatred of the queen bee 
for hor own fcrtile dauglltersj at ichnoumonidro feeding 
within the livo bodies of co.tcrpillars; and at other snch 
co.ses. Tho wouder indeed is, 011 tho theory of no.tural 
selection, that more cases of the want of o.bsolute per
fection have not been observed. 

'I'ho complex alld little known laws governi1lg nria
tion are tho so.IDC, as far as we can see, with the luwlI 
which havo governed the production of so-called specific 
forms. In both cases physical eonditions seem to havo 
prodnced but little direct effect; yet when varieties 
enter any zono, thoy occasionally aSSUlUe SOlUe of the 
characters of the specics proper to that zone. In both 
mrictie8 and species, uso and disuse seem to ha,-e pro
ducetl some effect; for it is difficult to resist this eon
c.Iusion when we look, for instance, at the logger-headed 
duck, which has wings incapable of flight. in nearly 
the same condition as in the domestic dnck ; or when 
we look at the burrowing tucutucn. wllich is occasionally 
blind. and then at certain moles, which are habitnally 
blind and hMO their eyes covored witll skin; or when 
we look at the blind alUmah inhabiting the dark cavea 
of America and Europe. In both ,-arieties and species 
correlation of growth seems to have played a most im
portant parl, SO that when one part has boon modified 
othcr pmtfl aro nocessnrily modified. In both Y8rieties 
and species reversions to long-lost characters occur. 
liow inexplicable on the theory of creation is the "ari
"blo appearance of stripes on the shoulders and legs 
of the several species of the hor;;e-genus and of tllCir 
hybrids! How simply is this fllct explained if w,," 
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t.·!ic,'e that thcee species have all dC!'ICcnded from a 
.trilw>d progenitor, ill the IIlllle mrulllcr as the 8('\'cml 
dOIUe.;tic Ln.>OOe of pigoon hl\ve dCl!OCndl->tl from tho LIlle 
and barred rock-pig"ooll ! 

00 the ordinary \'io,,' of each .peciOl baring OOE>n 
illll~JX!lld(.'Dtly created, why .hould the specific charoc-
1<'1'8, or thOl!O by which the Il]lecics of the IlHnl' ~'nIlS 
dilTllr from each other, be Illore vnriRbl1' than tho gt>neric 
chnt'n('tera in which they all agree? Why, filr hL~tance, 
should the colour of a flower be more likely to vnry in 
o.ny one ep.:'Cies of a gonua, if the othcr l'pooi~ StlPpOSOO 
to hal'o been created independently, have ditrl'rently co
lourOO flo,,'c~, than iran the "Iroesofthe gt.'nUIJ hnyetbe 
114me coloured Bowcn<? If I:'pc('ie~ are only well-Ularked 
,'arieticlt, of which UIO chamc4'ra 00\'0 becomo in a high 
degroo l)ennanent, wo can understand thi. fuet; for 
tJl(~y hRvo already varied ~inco they branched ofT from t\ 

common progenitor in certain chnmeters, by which they 
hayo como to be spccifically <!btinct from cll<.'h other; 
And tberefore these AAmo characters would be more 
Iik.·ly nill to be variablo than tho generi!' charact.ers 
which ha,'o boon inherited without change for au enor· 
moul l)eriod. It iii inexplicable on tho thoory of crea
tion why R part doveloped in a very unusual manner in 
auy ono species of a g\lllWl, and therefore, 1\1 we may 
natumlly illfl'r, of great imporlance to that species, 
should be eminently liAble to variation; Lut, on my 
yiow, thi~ part bas undergone, since tho te"emI BpCt'ies 
Lmnched off from a COlllmon progenitor, an unusual 
amount of mriability nud modificatioll, lind therefore 
\le might expect tho part gC:ucmlly to be "ill ,'uriablc, 
13ut a part may be do,'eloped in the most unusual 
IWUlucr, like tho wing of 1\ bat, and yet not be more 
nwble than RUY other structure, if tbe part bo com
mon to mo.ny subordinnto forms, that is, if it has been 
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inherited for a vory long period; for ill this cnsc it will 
hal'O boon rendered constant by long~ntinucd nntural 
selection. 

Glancing at instincts, man-cHom as somo arc, they 
offer no greater di.fIiculty thEUl d0C8 corporeal structure 
on the thoory of tho untuml selection of 811CCessil'O, slight, 
but profitablo modifications. Wo can. thus understand 
why nature mon:l8 by grnduated steps in endowing 
different animals of the same class with their severnl 
instincts. 1 ha,'o attempted to show how much light the 
principle of grndatioll throll'S on the admimblo archi
tectural POWCrtl of tho hive-bee. llubit no doubt some
time& comas into play in modifying instinctil; but it 
certainly is not indispen.snblc, 1\8 we see, in the case of 
neuter in:iOCts, which lea,'e no progeny to inherit the 
effects of 10llg-continucd babit_ On the "iew of all tho 
species of the SIlllle genus luwing descended from a 
COUllUOIl purent, lind baving iuherited much ill common, 
we can undCl'Stalld how it is that allied species, when 
placed under widely different conditions of life, yet 
should CoUow nearly the lIBme ill8lincts j why the 
tbru".bcs of tropiC!tl1 and temperate South America, for 
instance, lino their nests with mud like our British 
speciOll. On tho "iow of instincts haying been slowly 
acquired through nntural sc.loction we need not monel 
at some instincts being apparently not perfect and liablo 
10 mista.kes, a.nd at many instincts cau.singother animah 
tosuO'er. 

If species be only well-marked nnd permancnt Yarie
tics, wo eau at onco see WIly their crossed olTliprill~ 
should follow tho snme complex laws in their degrt.~.,; 
nnd kinw or resemblance to their purenta,-in being 
absorbed into each othcr by snccessi\o'c erosses, 01111 in 
other such points,-ns do the crossed offllprillg of 
acknowledged varietiell. On the otllcr haud, tlw.s<· 
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would be strang1l facta if speciOi ha,'e been illd,')l{'I1-
d,'ntl~' created, and \..netietl have lx.ocu produced by 
eecoodary laws. 

1£ we Admit that the geological record illl imperfect 
in Oil extremo degree, then tho ft\CtA, which tho record 
doc!! give, Ntl'QIlf!:ly sllpport tho theory of dC'ICont with 
modification, Ncw Sll€'<'ics MVO rome on the ~""e 
slowly and ot sUl-'cf'~,i"e intcrn,liI; aud tbe amount of 
('han~. aft.'r equal inter'f8ls of time, it w«lely different 
in diO'crcnt gnJUp!I, The eItindiull of 1I1>l't'if'8 and of 
whole b'l'OUrll of spcci~ whi,'b hAIl played 80 COll

spicuous 1\ part in the hi-tory of 011' organio worM, 
ahllO!'t inevitably follows on the principle of uaturnl 
8f'1e<>tion; for old fvrms will be SUP)llanted Ly new nnd 
impro\ed forms. Neither single I))('f'ies nor gruupt of 
spedca reappear when the chain of ordinary genem
lion hl\8 OIiCO been brokell. The gradual diffusion of 
domitll\nt forms with the slow mocliflcntioll of their de
IICI.-'udanls, cau~f'8 tho forms of tif(', nfter long interyau 
of time, to appMI' ail if they had ('hanged aimllitaneoualy 
throughout the world. The fAct of tlle fuuil n·DJ.&iDJ of 
('ft('h fllnnation being in ROme degroo intenned.in.t.' in 
eMrnekr between the fO!;tSils in tho fonuations aOO,·o 
Bnd below, is simply explainoo by tJleir intcnncdiate -I' 

I"Il,..itioll in tho chain of deeceut. 'file grand (3('t tLnt 
All extinct organic Ldngs belong to the .. me l)"Btem 
\lith f'OC'('nt beings. faDing eitllcr intt) tbtl .me or into 
intenm>dinte group", follow8 (rom the lh·ing nnd tbe 
extinct being tho offspring of common parents. As tho 
groUpd wllieh have dcsccndcd from an ancient )lrogenitor 
M,·e generally di,·erged in eMmet('r, tbe progenitor 
with i~ early dClCf.'ndants will often be intl'rtnloJiat.., in 
cbarat-'tl'T in COIDI.ri.. .... m with ita later d. dant.8; anti 
thns we can ICC why the more ancient a (~i1 i., tho 
oftcner it IItond.8 in IIOllle degrco intermediate )xot wC(!n 
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exisling allied groups. Recent forms arc generally 
looked at as being, on the whole, higher than ancient 
aud extinct forms; and they are higher in 110 far as t1le 
later and more improyoo ComlS have conquered the older 
and less impl'(woo organio beings ill tllO struggle for 
lifo; thoy will also generally 11(1"0 had their organs 
more specialised for different functions. This fact is 
perfectly compatible with numerous beings still retain
ing a simple and little improved organiSAtion fitted for 
simple conditions of life; it is likowise compntible with 
/lOme forms hM"ing rctrogrndcd in organisation, tllOugh 
becoming under each gmdo of dOSCOllt better fitted 
for their chnngcd and degraded hnbita of life. Lnstly, 
the law of the long endurance of allied forms on the 
same contiucmt,---of marsupials in Australia, of oocntata 
in America, anJ other such cascs.-is intelligible, for 
within a confined country, tho recent aud tho extinct 
will be closely allied by dcsccnt. 

Looking to gcogmphical distribution, if we ndmit that 
there has been dnriug the long course of ages much 
migration from one part. or tho world to Bnothcr, owing: 
to former climatal Ilnd geogmphiml chnnges and to 
tho many occasionru Ilnd unlmown menus of dispersal, 
then we can understand, on tho theory of descent with 
modification, most of the grent leading (acta in Distribu· 
tion. Wo ctUl 800 why there should be 80 striking a 
parallelism in tho distribution of organie beings througb. 
out space, and iu Uleir geological succession throughout 
timo; (or in both cases tho bC'ings ham been COllnccted 
by tho bond of ordinm1' generation, and tllO llleans or 
modification hayo bc<lll tho enme. " 'a seo the fuU 
meaning of the wonderful fact, which has struck cycry 
traveller, namely, that on the sarno continent, under 
the most diverse conditions, under heat and cold, on 
mountain and lowland, on dcseru and marshes. Illost of 
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the inhabitants within ooch great class ara J)J.ajnly re
lated; for they generally are tho descendnnts of the 
same progenitors and early colonists. On tlUs same 
principle of former migration, combined ill most co.ses 
with modification, wo enn nndorstalld, by the aid of the 
Glacial period, the identity of 1301110 fow plante, nnd 
the dose o.Hinllco of many others, on the most distnnt 
mountains, nnd in the northern and southern temperate 
zonCil; nnd likewise the close alliance of 80me of the 
inhabitants of tho sea in the northenl and southern 
temperate latitudes, though separatod by tho wholo iu
tertropical ocean. Although two countries may present 
Ilhysieal conditions as closely &imilnr WI tho snme species 
e.er roquiro, we need feel no surprise at their inhn
Litants .being widely different, if thoy ha.o been for a 
long period completely sundered from eRch other; for us 
tho relation of organism to organism is tho most im
portant of all rolatio!lS, and as tllO two countries will 
ha.o received colonists from some third source or from 
euch other, at VariOIlS periods and in di1J'crent propor
tiOIl3, the course of modification in the two arca8 will 
ine"itably hayo been different. 

On thia view of migration, with subsequent modifica
tion, we seo why oceanic islands Brc iuhabited by only 
few species, hut of these, why many are peculiar or 
endemic forma. We clearly see why species of those 
groups of animals which cannot Ct'0B8 wide apncCB of 
ocenn, (L8 frogs and terrcstrial mammals. do not inhabit 
oceanic islands; amI why, 011 the other hand, now and 
pe~mliat, species of bate, animals which cau travcrse the 
ocean, are so often fouud on islauds fill' distant from any 
continent. Such tacta as the presence of pecnlinr species 
of beta, and tho absence of nll other mammals, on 
ocennic islands, are utterly inexplicablo on tho tbooryof 
iudependent ncts of creRtion. 
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The existence of closely allied or representative spc
cies ill any two areas, implies, on the theory of deseent 
with modificatiuu, that the same parents formerly in
habited both areas; and 'we almost inmriably find that 
wherever many closely allied species inhabit two areas. 
some identical species common to both still exist there. 
Whero\-er many closely allied yet distinct species occur, 
doubtful forms and \-urieties of the samo species like
wise occur. It is 0. mle of high gencrnlity that tllC 
inhabitants of each area are related to the inhabitnnt~ 
of tho nearest source whenC(l immigmntfi might hnyc 
boen derived. Wo 8C(l this in nearly all the pillnts nnd 
anhnals of the Galapagos archipelago, of Juan :Fel:
nandez, and of the other American islands being related 
in the most striking manner to the plants and animals 
of the neighbouring American mainland; and those of 
the Cape de Yerde archipelago and other African islands 
to the African mainlalld. It mllst bo admitted that 
these fnets receive no explanation on the tbeory of 
creation. 

The fact, as we bave seen, tllat all pMt and present 
organic beings constitute one gnmd natural system, with 
group subordinate to group, and with extinct grollP~ 
often falling in between recent groups, is intelligible 
on tIle theory of natural selcction with its contingencies 
of extillction and dh-ergenee of chnracter. On these 
sume principles we see how it is, that the mlltnal 
affinities of the species and genera witllin each class 
are so eomplex and circuitous- "Te see why eertaiu 
characWrs are far more serviceable than others for 
classification; - why a.daptiye characters, though of 
paramount importance to the being, are of hardly Ilny 
importance in classification; why characters derinld 
from rudimentary pru-ts, thollgh of no service to tbe 
being, ru-e often <!f high classificatory mIue; and why 
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embryological chnmf'ters nrc oneil the mOlt "alliable of 
all. 'Ine real affinities of all I.rganic bcin~ nre duo 
to iubpritalll'e or community of dc...-cnt. The natuml 
system is a genealogical armngcm"nt, in which we ha.e 
to dilJc(wcr the lincs of dl!8C~nt by the 1ll0llt )X'rma
ncnt cbartl.cteriJ, howol'er sUght their vital impOl'tanco 
may be. 

Tbe framework of honee Leing similar in tbe hand 
of a man, wing of a bat, fin of the porpoiM>, and log: 
of the hOl'8e,-the Mme num~r of ,'ert~bl1'O fonning 
tho neek of the giraffe o.n,l of the eiepiumt,---alld innu
merablo other such facts, at onoo l'xplain thclllscln18 on 
the theory of d€!!ICCllt with slow and alight IU(l(!(!&!i\'O 

modification"- 'fhe similarity of pntl<. nl in thf' ... ing and 
Jog: of R bat, ihough ll900 for such different purp(.,.".,-in 
tllO jaWB Bud legs of 0. crab,-ill tho pctnl~ ~tamens, Ilnd 
Ilistils of a fl ower, is likewiso intelligible 011 tho \"iow of 
tho grndual modification of parts 01' orgallS, wllich wcro 
alike in the early progenitor of each d~. On the prin
ciple of 8UC('(Wji\'O "ariations not always superl'ening at 
an early age, and being iuberited Ilt a corresponding 
not early period of liC"., we dearly Ill"" why the embryos 
of malDmnl~, birds, rclltilC!l, aud fioihes Bra eo closely 
simimr, and are 80 unlike their "dllit forma. Wo llIay 
ce~ tnnnclling at the embryo of an air-breathing 
mamUlal or bird 11Il\'jng bronchial Illia and arteries 
running in loop8, like thoee in a fish which bas to 
breatho tho air di8fJQh·oo in water by the !Lid of wcll
devolorlCd bronchire. 

Dil:lusc, nidcd SOlllctimes by untuml selection, will 
onen tcnd to rcdu('O an organ, whcn it hIlS becomo 
wele<18 by Challged habits or uuder ebaugL.J oouditiollB 
of life; and we can clearly undcr&.tall,1 011 UI1I new tlll" 
MCtUling of nJ(limeutary 0~1la. JJut. disu:;e and ~Joo
tioll will gcncrally act on ench eronture, when it has 
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como to maturity nnd hM to play its full pnrt in the 
struggle for existence, and will thus hanl little power 
of acting on an organ during early life; hence the Orgnll 

will not be much reduced or relldcrM rudimentary at 
this early age. 'rho oolf, for instll.nce, !1M inherited 
weUl, which never cut through the gums of the upper 
jaw, from nn oorly llrogenitor having wcll-doveloped 
te<!th; and wo may belioye, that tho teeth in tho 
mature animal were reduced. during 811~ivo genera
tions, by disuse, or by the tongue and palate, or lips, 
ha\>1ng become bett-er fitted by natuml selection to 
browse without tllcir aid; whereas in the calf, tho teeth 
have been left untouched by selection or disu,;e, un<1 on 
the principle of inheritance at corresponding ages hayc 
boon inherited from n remote period to the present day. 
On the view of nach organic being 8nd each of its sepa
rate parts haying been specially created, how utterly 
inexplicable it is thnt organs, like the tecth in the em
bryonic calf or tho shrh'elJed wings under the soldered 
wing-covcrs of some beetles, should thus 80 frequently 
bear tho plain stamp of inutility! Nature may be said 
to havo taken paills to re\'ea1, by rudimentnry organa 
and by homologous stntctnres, hcr scheme of modifica
tion, which it seems that we wilfully will not ullder
stand. . 

I ham now recapitnlated the chief facts nnd consider
ations which havo thoroughly oom'illced me tbat speeiee 
have been modified, during n long course of descent, 
by tho preservation or the nntuml selection of many 
succcssi;e slight Cavoumblo yariations. I cannot 'be
licl'o tllat n false theory would explain, as it seems to 
me tb!,t tlle theory of natural selection docs explain, 
tho severnl large classes of facts abo,'o specified. It is 
110 yalid objection thut scienco as yet throws no light 011 
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the far higher problem of the csscnte or origin of life. 
\\'bo can explain what is the essenoo of the attraction 
of gra"jty? No one now objects to following out the 
results consequent on this unknown clement of attrne
tion; notwithstanding that Loibnitz formerly accused 
Newten of' introducing "OCOlllt qnalities and ruirnclcs 
into philcsophy." 

I sec no good reason why tbe 'dews ginm in this 
"olumc should shock the religious feelioga of anyone. 
It is 8Iltisfuclory, llS showing how tmwient such im
pressions arc, to remember thnt tho grcalctlt disco,-cry 
crcr made by man, namel}" the lnw of tho attraction of 
gnn'ity. wus nlso attacked by Leibniu, "as mb'-el'llh'e 
of natural and inferentially of fCl"'ealed religion." A 
eelebratcd author and dione has mitten to me that 
"he has gmduAlly lea.rnt to see that it is just (U! 110ble 
n concelltion of the Deity to beHevo that lie created 
a fow original fOl'ms capable of BC!lf-devc1ollllleut into 
etber and needful forms, 118 to believe that lIe required 
a fresh act of crootion to SOPI)ly the "oids cawed by the 
action of Ilia laws." 

Why. it may be RSked. hnl"'e nCllrly all tbe most 
eminent livillg naturalists nnd geologists rejected this 
view of tho mutRbiljty of species? It cannot be o.sserted 
that organic beings in a state of nature are AUbjcct 
to no variation; it cannot be proved. tlmt the amount 
of ,-arintiou in the counoo of long nges is a limited 
quantity; no clear distinction hIlS been, or can be, 
drawn botwcen spocies and well-mnrkoc1 varioties. It 
cannot be mniutRined that species when iutcrcrossod 
are invariably Irterile, and varieties iUl-ariably fertile; 
or that sterility is a special endowment aoJ sign of 
creation. The belief that species were immutable p~ 
duetions WIls almost unavoidable as loug 118 the history 
of tho world was thought to be of short duration; and 
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now that wo have acquired somo i(lea of tIle Illp5C of 
time, wo arc too apt to assume, without proof, tlli.t 
the geological record is so perfect that it would have 
afforded us plnin e\'idenco of the mutation of sl~ie~, 
if they lInd undergone mutation. 

But the chief C1UlSC of ollr natural unwillingness to 
tHlmit thtlt one species has given birth to other ami 
distinct species, is that we arc always slow in admitting 
ally great Ch3JlgO of which wo do not BOO the inWI'mc· 
dilltc steps. The difficulty is tl10 same nil that felt by 
so many geologists. when Lyell first insisted that long 
lines of inland cliffs had been fonned, and great valleys 
excavated, by the slow action of the coast-waves. i'he 
mind canllot possibly gra.~p the full meaning of tlu· 
term of a hundred million years; it emlllot add lip 
and percei\'o tho full cffecta of many sligllt ntria
tions, ac.cumulatetl during au almost infinite number of 
genemtions. 

Although I am fully convinced of the truth of the 
,·jews gi"cn in this mlumo uuder the form of 1m 

ahstrnct, I by 110 Illeaus expect to C<lnvince expcrienc<. .. d 
natul'lliists whoso minds are stocked with 00 multitude 
of facts all viewed, during n. long COllf8(l of years, from 
a point of viow directly opposite to mille. It is 80 el\l;.Y 
to hide our ignoranoo under sllch expressions as thc 
"pIau of Cl'(!atioll," "unity of design," &c., and to think 
t bn.t we give un explanation \;·hcn we only reo;tate a fact. 
Any olle wboso disposition lcnds him to attacll moro 
wcight to uncxplainoo difficulties than to tho explana
tion of n. certilin number of fa.cts will ccminly roject 
my thoory. ..l few naturalists, endowed with much 
flexibility of mind, and who hal'e already l>egun to 
doubt on the immutability of species, may be influcnCt.",1 
by this volume; but I look with confidence to the futurt', 
to young and rbing llaturalists, who will be able to 
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,-iew both aidca of tho qUCiltil)1l wilh impartiality. Who
t!"er it led to bcli.-,-o that 81,«,ieI art> mutablo will do 
guod leniee by OOll.ICientiou. .. ly "pre.lng hia (IOII,,;e
bOil; (or onl), tlIw ('an tJ ... 1 ... 1 ()f prejuweo by whieh 
thit 8ubject is oH:!rwhclmed bo removed. 

Severol emincnt Ilaturoli.\lta: havo of Into IlUblished 
their belier lhnt " multituuo (lr reJluted sped/)! in each 
gt'llU. are not real lpeci_; but tbat other ~OI are 
real, that is, have ~'n i~I'-reoJ'~IlUy created. Thiz:I 
IJOODU to m.' a sb'8.lIW" ooll('il14iol1 to alTi\-o at. Thcy 
admit that n multitudo (or forUlII, which till Intely 
thoy thmnscl,.e8 thought Wcr(l tlpet'io.l creniiollll, Rnd 
which are .. till tlna looked at by tho majority or nalu
ral~ and whit-h ooll.1l.'quently havo every extt'rD'.l 
cl..a.ract.Mistic f ... -atUJ'\) of trot) .pecio.,-tht,y atlmit that 
tl1CM htLl·o ~'ll I'roJlI~ IJy mrintioo, but they ~rlL..e 
to cxtend tho 8111110 "i(lw 10 (,tiwr and n~ry slightly 
dilT(!f'('ut forlll8- N(\,'crthck ... thcy do IIllt »~tclld that 
they can definc, or ("-ell eunjc...ture. which are the 
crNted forml of lifco, and 'IIhi("b are lidO I'rodUt".C'd 11)' 
"''''000ary la1lL 'I1iCOY admit vari4tiou all a ... "t c.wrua 
ill 0110 case, th.·y arbitrarily I1'jl'~:t it in aoother, wilh"ut 
ilIIIIij"".ing fln)' di.:!tinctiOIl ill tho two ('~ '1111) day will 
COUlO when this will be gil"en 88 a curious illu..trnti"l1 of 
the Miudocel uf preoI.Inedn'(l ftl'inivu- ThUle authltl"l 
Il'Cm DO more st.rUt,,1 at a miraculow; act uf ('reatioo 
than at an ordinary birth. But do U\t'y really Lc]jevc 
that at illllumcrnbio periods ill tho eflrth', hi.~tory e-er
lain elemcntal atvills 11Iwo been colUUlanded suddcnly 
10 i1&11h into )h'lug tiatUC8? ])0 tllcy OOIj,'\'(1 Ihat at 
each ~\lJlJlOdl-.J act. of creatiun ODe indiridual or many 
_ere produC't.J? Were all the indnitely nom.'rollS 
kindil uf animaJ. and plants crefttOO 8.8 cggI or .... 1, or 
at rull grown? And ill the case of mammal", Wt'l'Q they 
ereo.t;'tl bearing the f!11sc lUark8 of nouril!1uncul from 
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the mother'. womb? lluJoubWly t1l('><o~ Sllme que.
tiull8 cannot be allJjv.orcJ by 111/)16 who, uu<ier th.~ l,re
.·nt. etaoo of eci.·uoe, Lctic'fo in the creetion of a few 
aWriltinal f{,rmt, or of IOmo one r"nn of tiCt', It hal 
~n ac..crted by ileveral auUlO1'8 tJlat it i" as cuy to 
belio"o in tho creation of 0. llnndrotl million beings as 
of QUO; but. lfo.upertuil philOlOJlbiCflI axiom "of least 
action" l~ tho mind more willingly to admit the 
amsUef number; and certaiuly wo ougbt not. to LtLi.·l'o 
that innumerablo beiugs \\ ithiu each great. c1a.;e Iw.To 
1/!!II'n creato.} with plum, but. d(!("('pth'o, marks of d~ 
aeont. from a singlo porcnt. 

It may be asked how far I extend Um dot'trine of tho 
modification of lfWies. The qUOItion ill difficu1t to 
6b8Wcr, becaD.18 tb.· more di8tinct. the r,.rma are .Wt,h 
Wt. may conaidc.r, by 10 much tho argumell14 fall awaJ 
in force, But IOmo nrguments of the grcntebt weight 
extend very fnr. All the membc ... of wholo classes 
can be connectOO togeth"r by chAina of affillitit'8, and 
aU can be elulitit.,j on the aame l)rin"il'le, in grouP' 
mbordinate to groupe.. FoBl remai.na; ItllDctimee tcad 
to fin up ,'cry wide inteM'81s between exiIting Olden. 
Organa in 0. rudimentary condition plainly show that 
an enrly progenitor bad tho orgall in a flilly developed 
atato; and t.hiJ in IOmo ill..stanccs n~rily impliet 
an enormous amount. oC modification in the dQBCeocLmtL 
Throughout whole c1aaM1 varied struct.urel are CortDell. 
on the flame pattern, and at. an embryonic age the 
apeeice cloeely I'f*mblo each other. Therefore I cannot 
doubt that tho theory oC de!ICCnt. witb modi6.f'8tion em. 
bmccs all the memoon: of the 88DlO c1aa 1 ~lieve lbd 
anlwftlil ha,'o deacended Cram at. most only four or fin 
progenitors, aDd plant. from an equal Of le.er number. 

Analogy would lead mt" one 6U!p Cartiter, namely, to 
tho belieC that all l\uimallJ and plants IUL\'e dc:.:euded 
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from lOme OUO prototype. Dnt aual~y may be " do-
C('itful guid<lo Xcvt.'rtb€"It..allliving ~ha,'o mudl 
in oommoll,-in tbdr ehL·mieal oomJlC*itioo. thcir {" ... lu
tar Itrnetuf'Il, tbeir w.n of growth. &nd tbt·ir liabilitr to 
injurious iunucllCCII. Wo leO th111 on'o ill eo trifling n 
circulllstance lUI thnt tho 6Ilwe poillOn often similarly 
atrL~'18 plaut!! and animals; or that tho l'lOlIon Men'tOO 
Ily the gall,ny I'rodUlU mollltrout growt.Ja on til(' wild 
I'OIIU or OII.k-trce, In all organic btmg. the oniun of a 
mal,~ and female e1cmental oe11 MeW OCJCaijionu.lly to be 
nooel!ltlry fur tho 11n.Klltction of flo now being. In nU, 88 
far nil id at present known, UIO gcrmiual "Qllklo i~ the 
.. me. &t tbat o"ery ind..iridual organic being IIt&rt.I 
from a c3mmun origin. U we look eTeD to the t'll'O 
main divb;inu.-n&Dloly, to tht' animal and Tegt'tablo 
kingdumrS~·rtAin low fOMns aro 110 far intcrlUod.iAto 
in chamctcr that naturalists ha" o disputed to ~'bich 
kingdom thoy iliiouid he rcfcrrod, and, &.II l"'rorCSlOr Am 
Gray 11M remarked, "the 'POrol and oUwr reprududh'e 
loodiel of maoy of the lowt'r alga.! may cLUm to baTe 
fiht a ch!!.ract..:ristic:aUy animal, and ths an DDet'luivl)o 
taU)' wgdablo ex4~Il('O," Th"roforo, on tbe prindple 
of ulltural.doctiOIl with di,'crgcnco of oharae~r, it dOO8 
not !!Cem iucrodihlo that, from HOmo lIul'h low and iuter
mOOiato fonn, both alUma1.d and liliwtll may ha,'o IJeen 
d"\"eiuped; and, it 'I\'e aJ.mit 11li'\ we moaL admit that 
all the organic beings which havo c\"er liTed on thit 
cartb may IIfL\'O dC8Ceuded from !101M 0110 primordial 
form, Bllt this inferonce is chiefly grounded on Rnalogy, 
and it ill immllterial whcther or not it 00 acceptoo. Tho 
ea..~' it difJ" 'reut with tile memLen of eadl groat cia., 
.. the Vertebrata, the .Uticulata, &c.; fi,l' bere, .. I 
Mnl' jtL~t l\'marked, 11"8 have in thu Ian of homology 
and embryology, &-e., dimncL o\'idcnoo that all hu\"o 
dUlCeudOli from n single pnrent. 
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" 'hell the vicw-s Bd'·BnC(.l(I lIy 1110 in lhii "olume, 
and by Mr. Wallaco in tho Linul'8u Journal, or wh(>n 
ana10g0tu yiowfl on tho origin of "p.'CiCfJ are generally 
admitted, wo can dimly foresee that there will Ue R 

considcmblo re\'olution innutumi history. SY',tcmati~t~ 
will be nblo to pursue thei r lnbours n8 at Ilrc8Cllt; but 
thoy will not be iuce~"'il.ntIy hnunted by the shadowy 
douut whether this or that form be ill CflSCIlOO II. spccie~. 
'fhis 1 fccl sure, and 1 spook after experience, will be 
no Iilight relief. The endlCflil disput/ll wllether or nvt 
SOIllO fifty 8poc.ics of British bramblCll arc true SJX'<'iN 
will eeiI.9C. Systematist! will hrlYe ouly 10 decide (not 
tIUlt thill will be cnsy) whether any form be sufficiently 
constant and distim_>t from other fOrul!!, to be capebl\} 
of delinition; and if definable, whether the difl'en:nre" 
be !;ufficiently important to dCi;Cr\"e (J. specific llaUle. 
'fhii! latter point will become a for more e~~entif\l consi· 
deration than it is at present; for dill'ercnce~, however 
slight, between any two forms, if lIot blell(iP<1 by inter· 
mediate gmdatiollB, are looked at hy 1nOtOt natumli-fj 
as sufficieut to nUJ:16 both forms to the mnk of spedt'<. 

I 
Hereafter we shall be oompeUed to acknowledge t1l8l 
the only di"tinctiou betwccn flpeci/)l and well·markt.-.l 
YnrictiCft is, that tile lntter oro known, or bc>lic"e<l, to lie 
counected nt tbe present day by interme<liate gradntiuu.., 
\Vherros "peciC5 wcre formerly thus COlln(.'Cted. Ut.'U(,(', 
without rejecting the consideration of the present exi .. t· 
CII{'O of intermediate gmdatiou.s bct"'ccn nny two form.., 
wo shnll be led to weigh Illore cnrcfu\lyall(1 to mIlle 
lligllcr tbo actual amOUllt of differenco betwccn them. 
It is quito I)()f;"iblo that fonn'! uow gwcmlly acknow· 
lodged to be merely mrieliCII may h.-renner be thuu;.:ht 
wurthy of "pecific names; and in this C9.lte >'Cicntme and 
romnJ(on language will como into accordance. In ,.h"l1. 
wo "hall lUl"O to trent "pedes in tile sarno LIlaunt.'r M 
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thoso naturalists treat genom, who admit that gonom 
are merely artificial combinations made for coDl·cruent:>e. 
ThLi may not be a cheering p~t; but we shall at 
lea"t be freed £rom tile vn.in search for the undiscovered 
nnd uuclisco,"oroblo ef'lBenCO of tllC tcrm sp<lcieR, 

TIle oihel' nnd mot'O genel'nl depArtmeuts of Illltlll'tU 
history will rj"o grently in iJltere~t. 'fhe terms used by 
nntura.1ista of affiuity. relatiou..Jtip, community of type, 
paternity, m0rJ.lhology, adaptiv~ chlU'8C'ters, rudimentary 
aud aborted orgnn~, &c" will cease to be metaphorical, 
nnd II ill ho.vo I~ plain ~igniIicatioll, \Vhell \1'0 no IOllger 
look u~ an organic boiug IlS a gnvngo looks nt n. sllip, n8 
at something whoUy beyond hi~ comprehension; when 
we regard every production of nniQrc as one which has 
had fl. history; when we colltemillate every complex 
~tntcture lind in~tinct 1\.8 the summing up of mnlly con
tril'll.1lCCS, ench uaeful to tho pOS~cSSOI', nenrly ill the 
"allle way as when 11'0 look nt ally great mcchanical 
ilwcution us till) summing up of the labour, tho e."q)C

riCDt'(!, the reason, IlDd e\"en the blunders of numerow 
workmen; when wo thus viow each organic beiug, how 
far Illore intercsting,-I spoak from ospericncc,-will 
the study of Illlt1l1'al history becomo I 

A grand and almost untroddCll field of inquiry will 
be opened,. on tlle cnu.._ and laws of Yariation, on cor
relation. of growth, on the eft't.'Cis of use nnd disu~. on 
the direct a.ction of ex1ernn.l conditions, and SO forth. 
Tho study of domestio productions will rise immensely 
ill ya luo, A. new val'iety mised by man will be a 
more important lind interesting subject for study than 
one more species added to the infinitude of alroody re
corded "pedcs.. Our classifications will come to he, as 
far as they can be 80 made, genealogies; Iiud will then 
tntly give what mny be cnllcd tho plan of crention. 
'l'ho rules for clnssifying will no doubt become l'Iimpler 
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when we havo a definite object in "jew. ,rc po~se8s no 
pcd.igrros or armorial bearings; and wo have to dis~ 
cover and trace the many diverging lines of descent in 
our natural genealogies, by characters of any kind which 
ham long been inherited. Rudimentary organs will 
spook infallibly with respect to tho nnturo of long-lost 
structures. Species and groups of species, which are 
called nberront, and which may fancifully be called 
living fossils, will aid us in fonning a picture of the 
ancient forms of life. Embryology will often reveal to 
us tho structure, in some degree obscured, of the proto
types of ench great cla.ss. 

When wo can feel assured that all tho individuals 
of the MillO species, and all the closely allied species of 
most genem., ham witbin a not very remote period de
scended from ono parent, and hnye migrated from BOme 
one birthplo.ce; and when we better know tho many 
moons of migration, then, by the light which geology 
now throws, and will continue to throw, 011 former 
changes of climate and of the level of tllC land, we shall 
surely be enabled to trace in all admirable manner the 
former migrntions of tho inhabitants of the whole world. 
Even at present, by comparing the differences of the 
inhabitants of the sea on the opposite sides of a conti
nent, and tho Mtnro of the varions inhabitnllts of thut 
continent in relation to their npparent menns of immi
grntion, SOUle light can be thrown on ancient geography. 

i'he noblo scienco of Geology loses glory from the 
e:ttreme impcrfoction of the record. ~'ho crnst of the 
oortb with its embedded remwUB must not be looked at 
Ill! a well-filled museum, but as a JX>Or collection made 
at hazard and at roro interval.'!. ~'be ll.CCumulatiOIl of 
each great fossiliferous formation will be recognised as 
having depended on an unusnal concurrence of circum
stances, and the blank intervals between the sllC(:csshe 
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stag-" M hn"ing bt. .. ·n of l'nst dumtinn. Hut we shall 
IJe aLIt! to ~ ... U~ with ,;.ome .eoI·urity the tlUJ'fttiou of 
Ule.<O int"rTaU by B oompari ... m or the preft'ding and 
mccetdillg organil' fonDS. We mu~t bo cautioui in 
aUt'mpting to correlate as striC'tly oont('wpomlloous 
two fonuatiolll(, which includo few idcnticnl speciell, 
hy tho geneml sUCCCRsioll of their forms of life. As 
S]lC('j,,,, are 11rOOuNld and exterminated by Ilowlyact
ing and ftilt wting C8.U:iC8, and not by miraculous 
aet .. of cn1ltion and by eatastrophet; and M tho moo 
important of all eauiIIE!I of orgauic chango is ono which 
ii aliuOlt ill<1C'(lC'ndcnt of altered and perhnpi suddenly 
IIlten.'d l'hyaimloondition.s, namely, the lUutual relation 
of organism to organism, -tho iml, ... )\'om,·ut of ono 
lw.-ing NllaililLg the improvement or Ihe extennination 
of olh.·I'I; it folloW!!, that the amuunt of organic change 
in the r;)~!\"ill of colllICCutivo formatiolll prooobly IM'rves 
U f\ fair mC~llroof tho lnpse of actual timo. AlIllInUer 
of lpt"Cics, hO\\el'cr, keeping in a body might remain for 
• long IlPriod ullt'hauged, whil-t witll;n this .me Jlf'riod, 
te'feral vf til"" apt'cicot, by migrating into n.·. eountriOl 
and coming into romp:·tition with foreign a.oeiates, 
might IJccomo modifiNl; 10 that we mllst not O\'ermto 
lh(' accuracy of organio chango 88 1\ measuro of time. 
I>uring early periods of the earth'. hiAory, Wht'll tho 
bros of life wcre prooohly r,'wcr and cmpler, the rate 
of ehango was prooobly slower; and at the first dall'1l 
or life, whell n~ry few forms of the simplest atruduro 
existed, tho mte of chango may have been slow in nil 
utrelUo degree. The whole history of the world, ns at 
Jft'I"~nt KDOwn, although of a length quite incomp~ 
Ilenaible by tll, will h£'reaf\er be J'OOOg"Diaed as B mere 
h".<>ment ~f time, compared 1Ifith tbe agM whi,·h hne 
tlap"".J. inoo tbe first ereature, the progenitor of wnD
aemble extinct and living dC8Ccndanta, waa Cl'C6t.OO. 
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J n tho distant future I see open fields for fnr more 
important researches. Psychology will be based on n 
now foundntioll, that of the ncces.~U'y acquirement of 
each mentAl power and capacity by gradation. Light 
will be thrown on the origin of mnn and his hi.<:tory. 

Authors of the highest eminence swm to be fully 
satisfied with tho ,-jew that each species hiLI! been inde
pendently created. To my mind it accords better ,rilh 
II'hat we kllOW of the laws impressed on matter by the 
Oreator, that tho production amI extinctiOIl of the plIst 
and present inhabitants of the world should Illlve been 
duo to secondary cnuses, like those determining the 
birth and death of the illdi"idnnl. When I 'fiew nil 
beings not ns special creations, but as tho linenl de
scendants of BOrne few beings which lived long oofore tho 
first bed of tho Silurian system was deposited, they seem 
to me to become ennobled. Judging from the pust, we 
may safely infer that llot one li"ing species will trans
mit its nnaltered likeness to a distant futurity. And of 
the species IlOW living very few will trnn~mit progeny 
of any kind to a far distunt futurity; for the mallner in 
which nil organic beings aro grouped, shows that the 
greater number of species of each geuus, and nil the 
species of many genera, hayo left no descondant~, but 
ha\'O become utterly extinct. "'0 can 80 far take 8 

prophetic glance into ftltllrityas to foretell that it will 
be the common and widelr..sprca<l species. belollgiug to 
tho larger and dominant groups within mel! elnss, which 
will tlltimateJy l)remil and procrel1te new amI dominant 
species. ru all tlJO living forms of life are tIle lineal 
descendants of thOfj(lwhich lived IOllg before the Silurian 
epoch, we may feel certain that tho ordinary sneee""ioo 
by generation has noyer once been broken. lind that no 
cataclysm has desolated tllO whole world, lIenee we 
may look with somo confidence to a secure fnture of 
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equally inappreciable length. And as natural selection 
works solely by filld for the good of ench being, nil COl"

poreal and menml endowments will tend to progress 
towards perfection. 

It ill interesting to contemplate nn entangled bunk, 
clotheu with many plants of many kinds, with Lirds 
singing on the bushoa, with various insects flitting about, 
and with worms crowling through the damp earth, and 
to reflect that these elaborately constructed forms, so 
different from each other, and dependent on each other 
in so complex 0. manner, have all been produced by 
laws acting around ns. These laws, taken in the largest 
BOnse, -being Growth with l~eproductioJl; Inheritance 
which is nlmost implied by reproduction; Variability 
from tho indirect nnd direct nction of the exierunl con
ditions of life, and from use and disuse; a Ratio of In
crcase so high as to lead to a Struggle for Life, nud ng a 
eOll5cqtlCnco to Naturnl Selection, entailing Divergence 
of Charocter and the E.~tinetion of Iese-impTOl'oo forms. 
Thill!, from the war of nature, from famine and death, 
the most exalted object which we are capo.ble of con
ceil'wg, nnmely, tho production of tho higher animals, 
directly follows. There is gmndeur in this view of life, 
with its sOl'ernl powers, having been originally breathed 
by tho Crcator into 1\ few forms or into one; and that, 
whilst this planet hilS gone cycling on nccoroing to the 
fixed law of gmvity, from 80 simple a beginning endless 
fOl"!l1s most beautiful and most wonderful hnl'e been, 
anel aro being, e.olved. 

2 c 
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