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l10001111, with a fow of tho IIIlditloull givell ill tbo third 

Engli~h; .. tho work WII8 uufortuuawly ijlcrootypod, it 
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odition. 
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Al'I nISTORI('At S~ETCII OF THE I1F.('ENT PUOOI1E:J1 or 
OrISIOY ox TilE ORIGIS OF SrEen:&. 

t WILL lwore~" il bri~r.kel~h of thl progl'!1l ofQl'inion on the 
OriKin of S,......,ie.. Until ~Qt1y the grelIt lllaJority of n ... tllmlist~ 
belie.C'OII"-tIJ'I"Ci~ .. _il'Hrnu"'blepJ'(ldudi()IU'. Rnd hl\d bfell 
~11C1'Httd. Thial'iew"",\)e(.nably m&lntAiooo by many 
illitbon. Hoooe r-llaturaliat., OQ the other \'Ru<l. have belic'1'oo 
cl.d~u1l<l"'l!Omodi6catior. ... ndtha~th.ui$ti"gform,or 
1illt an tbt dao::eodanbl by IntO ,enerllion oIptt-tJ;iooling fo ...... 
..... ohl'.Jluiou.tothe.ubjectiulb(lc"-ict.I,,·riten,·1he6rn 
nlllor .. boi .. modtorntilllN ..... lrHlOO itio .. llcient'lk-ririt ..... 
Dab, Bat .. hia opiOiOM f1l1ctllA~ gr.!l, at diff~ ... "t I'I'riod", 
&lid .. lwodoo.! DOt eIltn 011 thecaWlftOl' ll'IfIUI.cltbe t ..... lfortDat.ioll 
oflpeciN.I n«<1not hf'T'emtrrondetaill. 

1.am.~1r; ..... ho! Ii ... man .. hole conclusiON on the lubJt'ct 
ueitood milch kllo-nti,,". 'fbi, jllltly ..... lebT1lt('t\ oatnralio. fint pub
lilhed hi~ .. i~,,·. in IHOI; be much enlarged Ihtm in Il109 in hi. 
'PhiIOlOOI'I,ie i'.ool<'gique,' IIDd sul«qllcnlly, i1) 11I1!;,in Ihe l"lro
dnclion 10 Id~ '1I1.t. NRt. dca Animaux .01 V~rtcbrtoA.' 1" tbe8ol.l 
.. orbheul,b"Jlillbed'>ctriuetbatalllpeci8,i"c!udinjt: mRn,Rre 
~rl"l\ll(~herlp!'Cit3. He fil'ltdid the emilleGt <lerviceof 
-w~.ttenli<.>nlolheprol..bilityofalichanl\l!inlht«gllDic,u 
welluinlh.hlOTpuie ...... ld,heingtheremltofb. .. ,.odnotot: 

·Ati .. oIt..I.hio·I'III ... A.-o1 .. , ...... ·H ... 2.<IIj>.8, •. tl.aft,r 
.-ki"l! .hllt rail dow '"" &.II ;. otWr to _k~ 1M __ row, "1-
"'- "folio .. .,..1 1M r.....ro-..bM llo..-..t .... 1 "' ....... -!'PI ... 1100 
- WI"_t ... cq."'ioot: ud...Jda .. II'1IIIobtod by )1 •. C .... G--, 
.. 1oo~""JY>In"'t .. 'tlho~to .... ) ... SO .. halhWlmoI""dilf .... ~I_ 
(oflhtbod'l r.-hIIT;ncl.hio........ty ........... taJ,.,latioaia .. tar.' ",IMt .. th, 
.... -rI.,V- by~II,.""f_l_ oha'p.wploo.I r....di.idmg .... 1 
tM~II"' • ...t ~blef.,.. .... \ics'ing'''''~. oi_lh.' ...... _ 
__ rorth. .. k. of thio. btot it .... UW ..... ltofa«:lJoolI. A .. lln lob mo""", 
.. tou.. oU>or 1""'" In _hidr the .... PpM" I~ e.i,t on oo.Iop'o.1orr. toon ... ,1. 
W""'- .... ,lh ... ro .... llthinsr"\lIgeIhe«lh.ti •• llth.]'I&f .. ofon .... t.olo) 
~hk ... lrt""I ... "'''''''I.lo.tho ... lreof'''''''"thln~.tb_ .. ,.,..f'1'<'' 
:'~~j~ .. :Z=~:.:;=:~::,~:~~I.:~:::::;,'.r.; ~~ 
'""--t""~pIool ... tQral .. l_ohod"wolforth.buthG.Ir,,1e 
J. .... oclof"III_~t.loepriDdpll .......... blbio......,.k.OQu. • 
............. Ihoto.t!r.. 

.. "">Uote Wor!< of CN,rl.. ......... n. l""e 
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mirae.oou. i .. l~tion. I.marck ..... to ha'e beoe .. chitfll led 
toh;'cooeIUlOiooonthegrsdualchngeof'l"o.'<:lea,b,thedifficuhy 
of dl.!linJl:Uilhing~I>I'ci.,. and urieli .... , by tLe.ln:.t perl'..:tgndation 
of (<.InT., in ~".in grouJl8, and by the .... IQR1 of dome.tie J>roduo
tiona. With rclpe<:t to the lnean. 01 moddicatlon, II<! auributed 
IOm~thing to the direct IUllioo of til<! l,hy.'eal co~diliool o( lif~, 
IOmethlug wthe Cf(IIIjiogofalreadYc.Iiltiog (uml".lId much to use 
and dlluooe, that i .. to th~ e/J,-<:b of I,~bit, To (hi. l.tt~t agt:~ey h~ 
flO"'lllto.Uribut~a.ntheb.·l\utifuia<lnl'tRli(mliu natur6._ueh ... 
theIOllglll'Cko(thegirRtr .. fo,brouingontLebraoehCllo((~s. 
But he liktwile belie'·oo io .i8",ofi,rvgr~\"ede~tloJ,m~t; ami 
... 11 the (urmlloflife thu.teod to Iwngre.. in (ml .. r to acoount (or 
til<! ui.t~uca flt the J>Te!lCllt day of .iml'l~ 1,l\.duelions, he mailliain. 
thltlUChforlDll&rfloo··IJOIItaot:lQU.llygt!ne .... too.· 

Otulfroy&inlllilai""uioltA!.ed 10 hit 'Life,'''ritlen by hi. 
toII,f\IJ;l'fcte.J, •• _ ly .. li9;).tl.at1l'1..t .. ecall.po.6'sare~ 
degen~""lioos of the UIDO type" It "'"&I not uot,l 1to23 that he 
i'ub!iahed hit con,..;clioo d.lt II .. _ml form. ha~e not beeu per. 
petlllolt'dlittOilbeorigioofailtbio",- GcufJrolleemltoh ... erelied 
chidlyon d,eoon<iiliQIl8 of life, or II.e "tJW'I</. ombia"t,H .. the 
ca\\.tIIQrchan~e. LIe lI"U<:all\ioul in t.l""""iDgoonciuli(MI,anddiJ 
no~ belie'·o that niBliog 8pccil'l ani now \l1l(lc'};oingmodificatio!l; 
.,,01, U hi. 1011 add .. "Cht dOllo un I'rvblcmo l\ rij(:tl"er cllticI'I,lmcllt 
~ l'nenir, IUI'I'0o-<\ m~me que l'a'·cnir <1oh"e avoir pn.e BUT lui.~ 

In 1813 Dr. W. C. Weill n'lld before tbe lloJai &-<:iety 'An 
AOOOI1l1t 01. White Fcm&ie, l.art or .... 11 ...... Skin r<" mbh" tl.al of. 
Ntgro;' but hi, .. per .·U not IltIb!iaht'd IIlltii hia r~mon. 'Two 
~,.. ul'OIl De_ Illd Single VJaioo.' II'IlfIred in ISill. Iu th~ 
l"I:.c,bediatinetl,l'l"etJSlli_tbepriDCiI,leofllltnral.electlon,and 
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".daelm~llloD ... hi<:bh-.beeniOOieated;butbeal'l,1i( .. 
kOQI"lndae ...... ofllWl. aOOWOo;rtaincban;etenalooe. Arter 
--.B1ag lhM uej(J'OOI anJ mulatt.oc. enjoy .n immunily from 
o.aiD tropical di-, be lOblervM, ~ ... tly. that.ll "uimal. teuu to 
"UJ'UlIOIDO degnoe, and, -...dly. tha~ a;:ricultun.UI iml,I'O"e their 
..... ~ ... illlUl·bJleIectiou;lIlIdtben.head.I.o,bu~ ... ba~ia 
.... Uauu.laher_ .. b,I1H,....-m.tobodooe.,;lh~ualtflkaey. 
tbouP men .Iowly. by nature., in the rormatiou of .. rielie. of mall
kbocI.lln"d "'theooonVywlUcb theyiubabil, or the acci.!rntal 
...-.. r1-..hkh _Id ooc:nr '_g the fiI'1I~ few and _t
...... iDhabhaI:r.tsoltl.llliddle~ofAfrica.1OUMI0De ... 0lI1d .. 
t.u. lu.d dIaa tl. otbe.. to btv &he d~ of the oountry. 
'l'bJ. _ wvold ~lI8IIlly multi " ly. while the (lthel'll wlOul.! d~ _ 
_ ,DOlGDl.1Cromt.beir iD&bilitytollUlwntheaUacksor.!;-., 
1m Ii.- t.bIir iDc.l~chy of ooo!o1ldinl! wit.b their more "i~l'" 
1lliPtau.. The 0JIuur uf thil rigtINUI race I take for grao.t",l, 
r_ wht bu b.eo. alrsdy laid . 'II'I>Ilhl be dark. nut the .me 
dllp:.iUuIl In form vari~tiCli BtiLl eIielinJ!:. a darker IIml a darker 
__ Id in the oourw of time tIIXlur ; and .. the darkc~t would 
t.u.e~&nalforlbedilD&te,thilWUllld.tlcn&thbeoomethe 
.... pre .. "'ul,ifDtJttheoo!yracl',lIllheputi(uiareonulryiu 
"bicb i~ batl origi ... ted.n He then utendi th_ .me vie .... IlO Ibe 
"hite iDhabitant&of coldcr c!imRtcL I.m ill(lebted w Mr. Il"wl~y. 
vl1.be l'nilal Slats, h ha"ing ee.1It'd my atklltion, tbroo;:h Mr. 
IInee. to the .bove ~~'Il in Dr. Weill' "urk. 
n. lIoa. Ind lin. W. I1ct""n. afl.t.·rward, l>eau olllincb~r. 

In the fourth volume oftho'liorlicultuml'J'mnllCtiollA,'UIZ'!,.n,l 
ilt lIia ...... k OIl the' Amarynid~' (1fi3', p.19, 339), deelarNth&~ 
• b<.tienltural uperim~uta ba,'e Ht&bl"ohed, ~yood tho poailoility 
olrefulUinn.tbatbotaniCfll.peci ....... ooly.hllher.nd,llOftlpt ... 
_tclu.oCvarictils." ll~extcnd.the .. meyiewto.nllDlll ... 
The Dean helinCli that Ilullo .peel .. of ea.:h gCnul ' ... ~'" crt'atOO ilt 
l.Iloriginallyblghlypl .. ticoonditioo,.ndthatthCllOba,·eproduood, 
cbWIl by iDldCroaaWg,. bu~ like .... by v&riati/:l:l, .n our eiliting ...... 

ID 1826 ProJe.>rGrant. in thecollcll11ling paragraph in hil wdl _ 
kDCnrD 1*I>II'('Edinhul)th Philolol'l,il)alJOllrual,' \'lO1. J:i"'1~2~) 
GlldooSfoa&ilLa,dar11dOroahiabeliulth.tlpeelelared~I,-,,1 
fJUDothofipllcica.and t.ballbeybo:oo:>me improvt>.lin tho. oonBo,) uf 
-'i1lo:aUoa. 'ThiolalDeyie" ...... giveniDbia!>;.thL.ctull\l'Db
IiIbed iD the 'I..r.oc<rt.' ill 1834. 

In 1831 Mr. l'atrick Mattbe" \,uWiahOO bia WIlrk <Ill 'Nnl·D.! 
b 
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Timber In(1 Arboticulture,' in which he gi""'l pJWi.sely lhe Arne vk,,· 
on the origin oflpooieil M tht(l'C"Il8eotly to heaUudC<.l to) pro
pounded by ~lr. WalLaooand nlY*'lf in Ihe'LinueauJouTnal,'aLul 
ad that enlarged in the pr,*mt ~oIum~. Unf()rtunntely the vicw 
""",given by Mr. lhttbew very briefiy in llrutteroo:\ pasIIll!:ClI in an 
Appendix to '" work on a diffc",n~ aubject,'" that it romaiooo. 
unnotiC<)(\ uotil Mr. Matthew bim~lf drew aHention to it in the 
'Gardener'. Chronicle,' on April 7tb, 1800. The diffenmooo of Mr. 
Matthew's view from mine are not of much importf.LLOO: he _illS 

to CQllsider that the world wlUI nearly depopulated at success;'·e 
perioch,and theo nHltocke.\; and he gi,...:\I, 311 ao alterna.tive,tlmt 
newforQ\.Imay begenen.tOO "without tbe PTl'IIO.lOOO of any mould or 
b .... "Tm of (unner aggregate..." I am nOt ,nre that ( ulKlcrstand .orne 
JlII$lQ;''CS; but it _mB that bo attribu!<'JI much inf\ueDC<l to th~ 
diroctactioooftheoonditioo8o;>f life. Ueciearlyl!:\w,however,lhe 
fullforoeo(thel)rincipleo(naturn.I...,lection. 

'I'he oclehmtcd goologist and naturali,t, Von Buell, in hill D.'<

celleot'Dclcriplion l'hy.i'l.uedeal\esCannrieo'(183C,p.I47). 
cleudyexp,-,hwheliefthM "Irietillllilowlybooomu chan;,'t'd 
ioto;> permanent Ipoci"". which 11m no loo~r capable 01 inter
croIIIing. 

lta.fio~ue, in hill 'New Flora of North AmeriCfl,' publishf.'d in 
1836, wrotc (l~ 6) u followa :-" All .peeie. might have been 
vanetiea ooce,and many yarictil'Jlare grsdually beouming Ipooic. 
by al!~oming OOII~tant Bod poouliat characte",:" bot farther Oil 

(p. 18)he3<l<h,"c100pl.lbeoriginnltypt'llorauoostorsofthe 
genuH.~ 

III 1843_41 l'rof<'lllOT Haldemao (' Bo.lon Journal of Nat. lli~t. 
U. St~teI!,'vol. iv. p. (68) hal! ably gh·en the argnml:Il\ll f"r and 
IIgninst the hypothesi' of the de,·elopmenl. a.nd rul)(\ifi<)l.tion of 
,p"des: he_m~toleaolo"1lrd!lthellidcolchauge. 

The ' YeBtiK'~8 01 Creatioo' a.ppeared in 184.4. In tbe tenth Rod 
much im]TVved Mition (1853) Ihe lIOOIlyWOII& a.utbor MY. (I'. 
155) :-"TbepropollitiondeterDliooo00 after much oonsidemtion 
is, thatthellevcral ""riea 01 animated heing .. from thesimpl .... t."d 
oldeotul'to lhehighcstand mOiltrecent,RtI.',undcrthepro,·idcooo 
of God, therClllLlts,jiru, of lin im]ru\"" which h88 been im\W"too. to 
the fonus of life, advRncing tbem, io definite times, bygenemtio~, 
through grad ... of orgnnisatioo terminAting in tllehighe8~dicotyle
d01l1 and ycrt"brat9, thetoOl grades being few innnmbcr,and;,,,,nc
ral\ym~rked hyinler,...ts of orgsniccbaraetcr, which we fitld to be 
Bl'rncticaJ.diftlculryin~rtainingaffi.nitiCll;I«(JTk/,ofaoothcr 
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impu\aeoonTlC.'ded .... ith the "ital fol'Oel!l, ttDdinj!, In lloc COOT1l8 of 
l"I.,..tlo" .. 10 modify orpnic &t' lIcillrol in 1IOaOnl_ with utemal 
circu_ta.ocB,ufood,t1,anatureorthahl>bit:u,andtben",teorie 
a~iea, th_ bd~ tlM!'Dpcr.tioM' of tIM! natural theologian.
·),baautboral~entLybcLie.-ell th&torgani.tIool>f'Oll:,-hy 
lud<lenleapa,buttbat the cffl!dl!prodlloedhylheCOOllitioclloflif<l 
anlj:rrnlut.l. lIeargue. ... ith mu<;h force on ~nl!ral ground. that 
Ipeci" are not Im"1I1.blo productionl!. But J (111mOI IC'l how 
the tiro IU]lpotled "impul~e.~ lIOOOuut in ,.. acienlific aenec f(lr tlttl 
nmneroul and bcII.uliflll OIHIdaptalionl which 1"8 _ Ihrough
outnatu1'I!j I c..nnot_th,..t ...... thu. ~n&Dyinsi,.-::hthow, 
forinI!IAIloe,&1<'OOdI'eeiterhubccomeada.[ltootoilAl)C(:Uliar 
habiIA of life. Tbewut:,fromilA~rfuland brilliantllyle, 
tboallbd;'I'1aylnginthe .... lierMitionaUttkl~ratekoo ... -
ledgeandapst'll"UtorlCientificc..utiOP,im~iatelyhada 

Ve'l'y ... ide circulation. In my OI~Dion it hM done u(\'I\eot .... vio& 
in Ihiaoountryln eallingattenlioo 10 tbeaubJ~,in moo"iog 
l~udiee,andinr.h\lltn~th!lgroundfortherfOl!ptioool 
1!III\O'p)IlI"iew'L 

In 1846 lbe '"JtenlD geolo¢lt M. J . d'Omalinl d'UalLoy I'nblil!be<I. 
in.u excellent , though Ihort ]!I.!"" (' Il ulletin, do l'Acad, noy. 
BruJell.,' tom.:liii. p. 681), his opinion dOlt It i, mflnl l'robablll 
t hatnew.peclO!l8 have been I'rodnoed bydeaoentwith moo ifiCBtion, 
t lwlthat theyhu-e ~n .. paratelycrel.tOO. : tbe .utbor fin~I>rO
mnigo.ted lbiaoplnion in 1831. 

l'rof_o..en,in 1&19 ('N,tlU1lef Limba,' p. 81l),wroleu 
WIo" .. :-" The IU'ChaYI_1 idea ..... manif .. tOO. in the fIeIh under 
divl'I"IIlJllCh modilkstiom. upoD thia plaUllt, Ionlt 1'6,.. to the ui.st
_oftbolelniroal,peciet lhatlW:luallyenmlllifyit. To ... hat 
nalunalla ... orlCOOlldaryca_tbeordetly~naodprogrea
IiOD or aneh OIpnie pbeoo;>mcna may haV<! IJeeIl oommittoo, '"', III yet, 
_ i![IlOral>t.~ In bia Addn. to tbellritiah Aa.lC:iation, in 1808, be 

~~(p.Ii.)of"tbeu.iomoflbeCOlltinUOUlOJ>l'l"Rtio .. ofcreali'·e 
f'Ow~r, or of the oNained bcooming of livingthio/P'," t'artl",. on 
(p.:lc.),.n(1"rererringtOI!~l'hiCl'lldistrih\ltioll,headd.,"'rhClle 
I,henoml!m~ &hake our confidell"" in the oollcluaiorl that the Al)tcryx 
of Xew Z('Rland DrI(\ the Iled Orouae of Engillll(l WCn) (1i~tinet crca
ti('Di in IlUd lOr th<*) island, ~i\"dy. Alway ... leo. it may he 
wel1to~.ill mind that by the word 'creatio,,' the r.oo1O\-<iat meanB 
' & 1 __ he \"'0 ..... not .. ''''''I.'" Ue ampli6eo1 thi, id.,. t.y adding, 
t hat ... ben ..,eh _., that. of thll lW GI"OU&8 are ~ tnllm~mted l,y 
tbezooiOSiatllle,·io:kIlODofdiitinct.Cl"el.tiotloftbeLirdinandfu' 
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~'lrh itll.rwa, be cl'irfly txl"- Ib.t he kIlO .... not how the Red 
Grou ... ClIme to be t},~re, .nd there uchui .. ely; sI~jfJ~ns: II.bo, loy 
t lli. m<)(l~ of UI're.inK .uel, ignnranot, hi. hellief th~ both the loin! 
Rnd the i.lauds owoo thcir urillin 10 a grm~ fi .. t Crootivc Ca.UJ('." 
If we interpret Irn.e I('ntenCOl jZin>n in tl,e.In(! A'\(\ .... , one 

hy the nth .... , it apf'."''' th.t th~ emino.>nt I'hilu.DI'hf'. fd~in Jf158 
I,ia "",IH'IlCIe .haken tb.t the Apteryx .nd the lled G_ first 
RI'I_red in l!wir I"HJ'I'Ctive homs, • he knew not how,' or by lOIlle 
I'na.'heknewTI(J! ... hat.' 

'n,i.Add .......... d<-liVl'red.flnlbepapers,byM •• Wallaoeand 
1O), •• ..tf(\/l the Ori~";n U Rl'l'CiCll, !l~l\tly to be refl'r'n:'d 10. 111 .. 1 been 
",~l bcf"relheLillnClll,f\ociety. Whenthefi"toditionoflhilwO}rk 
"'110 l'uhli.h,,<1, I w""' ... eoml'lct~lyd<.Wived, 110 Well! manyothCnI, loy 
.ud,ul'"....ionsall .. thrc:onli,,"uu.Ol"'rntionofcreati~e row .... ,"t1lRt 
1 i"ehul,,1Prof_Ow"n .... ithotherpiliPontol(Y,tiIt ... bcinstGnnly 
o)O..;_...J of too immut.hi\ity of ')lO'ciMo; but it Ippea.rs (' AOt.t. of 
YnteLral3.,' .. 01. iii. P. ~OO) thatth;. ..... oo mYfIIoru ~I"<*_ 
~rror. Jno,ewtodilioofAlbiaworltlinf<'l'1'l.'d,aodtbeiD('·ll'IIOeotill 
IIt!MIIII 10 me r-erfectJy i,,,,t, (rum • .-"ne ~nnillS: with the wonIs 
"no,\m,l.>tt1'eIYl~(\lrm,",tc.(lhirl.vol.Lp.1XXV.),t.h.t l'I'O("'" 
Ow,'n a.lrnitted nlllt natl1m\l('leclionm.y ha"erl,,,,e,,"lI!('thiu:;in 
the f""",,tion of new ~~i .... j but Ihi, it lIPI'ft .. (Ibid. "01. iii. p. 
7 ~11'\) i. iMOCl1mte lI"rl without e .. idence. J sIlO ga'" lI()II1e extracts 
fMn ,('!Om'IIJUldenee l""wem l'rof.-orOwe ... nd lhe ~~Iitor of the 
'1.IlII.IOII IkTiew,' from "hich it.rpearm manl(""t 10 the E,Jita 111 
,,·tll .. 10 rnywlf, that ~ Q,ren claimed to J,."" l'rnPlu];::o.ted 
tI>t'lhemyol'natunlllCl<ctlOll Won. I hod rlonoe Mlj.lld iexl'.--i 
lIIy"'rrn..and.tiollOl'tionlithia.nllOUIlCl/'IIK'lt; but u far all it 
i. JlIWib]~ to und~rsWid ern.in l'ttleDt!y published 1-:tfOI (Ibid • 
... ,1. iii. P. 798), r ]lIITe dlher JlIIltil<lIy or whollY1III"inflllienillto 
rm,r. Jt i, con"D1awry 10 me Ihatothc .. find I'rofeol(lrOwcu's 
O">ntl'Ove",ial writinp all rlifficlllt 10 11llrlerstRnd and 10 reeoncile with 
cach(>\her,lIIi (10. A. fa.u the mCl'llcllund.tion of the ";nc1I'Je 
of nMuml II('I,dion ia (t'ofIOffll,,,), it i, quite immlterial"hflber Or 
w'll'rnf_'ro..·~nl<f'('OOled me, (",I,nth of WI, ulhowninthil< 
)':'!orical .!tetch, were l\IIIg .go .-w by Dr. W,11I .nd llr. 
llattl"' ...... 

M. J-irl,,"'Ocof!'royMint IJilAi!\',inl,;.I.«IulftdeJit'tftdin 1S50 
(,,(w1oioha llunm6 ' 1'1"0"31l'<i in the' Rel'neel MaR. de Z...ol(\j!.,' Jau. 
IH!H), l,rieOy jZ;",," hi'T'l'NQn forbelicviugthstlfX'Cifiochamcten 
""""t fi1':" pour d'IIquO MlI>OOe, talltqll'dlellCl'crI'C\uo.nmili<'U 
d .... u'GmCllcireon.;lanoca: il& .. lIlooifiCllt, ,i lea cirwlllUlllo:oea am-
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bianlul yj<'llnMll~chan~." .. En rbnmi, rclJern,ali_ dt..n;maux 
Dn ... ~ dl!montre d4jl Ia TV'iabiliti Ii_itm ds spks. La a

pIri;w«' ... rlsanim.u1 .. u~devenu.domflltiquN,d."rIQ 
... i ....... 1dOllllStiOl .... n>de .. enWl .. u...,,"""'lad~rnoolrclltrluaclai_ 
I!~"t euooft. c.. mlmeo Uperienoel IJr'OO.ent. de I>lue, Ollie lea 
cliffl!lNC8 ~ul"'" I)IlUVelit "tre de mu..r !jbt1ri'(tJ.t." In hiB 
'll iit. Nat. Gwirale ' (10m. iL p •• OO, 18;il)be ampUae. ana\QgoWl 
oollcl,,~ion .. 

.... rom acilCulnr lat.:>ly iaIIu<.>d it BpJll"ln that Dr. Frtkc, in 1851 
('DuhliuMooieall'reIIIl.'p.3!!2),propout«lcdlhdoctrille IhBt.n 
orgallie belnp h .... d~nd<.>d from onc "rimordial fOml. Uia 
~ro""da of belief and t",.lm<)nt of the IUhject are .. holly difr~reut 
from mine; but .. Dr. ~'reke bat uow(I861) I'ubli~b<>elilia F_y 
OII'tbeOriginof!'lpecisbyrneo.rwofOr,:;aDlcAffini'Y.'lbedillicult 
aUftllpt 10 gi\'fl any itka of hill Tiewa1lVuld I.oe luperftnOWl(lD my 
,.". 

lIT.Herbert 8penoer, In an ':-.1 (ori«inaUy publ;'hed in the 
• fader,' .liLuch 185:!, ... d repobliahed. in hla' ".,..' in 18:;8). b:.. 
OOIlt~ the thMisof theCreatioa and the n., .. elopmentdorganic 
bein~ .. ithremarkable.kill.ndfon:e. Ue.rp;ueofromtheanalogy 
of domeotic produ.ctione, from the c"anga which the emlo'ya. of 
mnTly Iptck"tUld~rgo. from tbe dimculty ofdininl("i$hing Iptcies 
!lIIdvarictit'l,and from too pri"ciple of general gradation, tloa.t81'l'ciCli 
Il.lweOOenm(ldified;.n,Jheattrib,,~themodifi(ll\tiontoth .. chRnge 
oltireutnalaDCef,. The autbor (1855) h .. aJ.otn)l.t«JI'.ycholo,::y 
0111" .. I)f\"c:il'~ of the '-r acquirelIll':Dt of seh !Dental plower 
and car-cit,. by gradalLon. 

In IS5:! )I. Nandin, • dietingll;'hed botani.t, uplftliy stat...!. 
in an lidmirable r-pcr 00 t1>6 Ori;rln or SI'.o;:is ('It(! .. oe lIorticole,' 
p. 100; ";DOe partly npubWhed in 11>6 'Nou .. el1es Archi .. es du 
llnaum,' 10m. i. p. Iii). his belief that ~~ies are formed. in 
an a.nalogoua manll£'f I. varieties an! under cult;"lioo; and 100 
lllter~heatlribuleltoman"ro .. er (lrwll'Ction. Bothe 
doeI not Ihow howtelectiOll &ell UI><k. IIIItUm. Uo believes, like 
1.lo.-a.n HerbYt, tbat,peciee, when n....,.nl. were mol'll pluti~ Ih.".t 
prcIIC~t. lie Lo,.. weight on wha~ he CRill th pri~cil'le of finRlity, 
"]luillllnOll my,14rieuliiO', ind€lcnnill&'; fMII!il~ pour ICII tlllB; pour 
l .. aut .... volont~f""Oyident;elle.dontr&elion;n_nu,.url"" 
fll"ell vinnt.t det~rmiQc, ~ \oI11e1 I ... ~JlO<IuCII (Ie rui.!c1l<;e dn 
1IlOI.,f., lalOnne, I .. volume, etladurbodcchlCtlud'eu:r, en ra;1lOfl. 
<kadeltinMd.nal'.mll1ldoeboaetdontilfaitJltlrtie. C""t.,.tte 
Jlui-.uce qui hannoIlWo cltaque membn ~ reaaemhle en ral'l'ro-
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fWi .. ntklafonctioaqu'iLdoitmnplirdlnll·O!'Il:JInilmepniraldeJa 
... ture,ronctinnqui~tj'lQOrlni ... ioond·atre.~· 

In 1853 .. ce\el"..ted gooIo~iBt, Count K"1Ierling {'llulLetin de 
I .. Soe.G~og.':ndSer.,tQm.",.p.357)..u~tedlhat ... new 
di--. IUPI~ to ha~e '-0 canaed by IO)Dle miuma, 11a~ .. rilell 
an,1 eprMd o .. er the _tid. M .. ttlertllin I'-nod. the ~nn'of c]t;"ting 
~!,N:ie. may h, .. " bo<m (hemi.,.]]y lIffreted by cireumambieot mnlo
CIIl ... ofRl'ftrt;cnlarn .. tn~.andtb\L.ha,·cgi,·enrilllltonewfonns. 

In thl,.me year, l SG3,D •• SdUlam'Bnlien publi$hl'll .. ., exo.llant 
r.unI'M.t C'V"hand. d<lA Natu.bilt. Vereinl der Preuss. Hhein
lRnd .. ·ke.).inwhichhem.;ntai",thel>l'O\!~vedcrelnl'rM1ltof 
or,:.oO;, ~,nn. OIl tbe earth. U. infe .. that II)a1lYIIlI'dftl have kept 
true fv< Ion!: period .. ,..hemu .. fe ... have become modified. 'Th, 
diitiDCtionoflp>lCielileelrJailLlbytbedcllruclionofilllenneoiiftte 
plO(lu.tfdlOnn ... "ThUIIli,;ng pblllU.....:! anhnaLi!anI_..,.. 
ratoor""ntlteeItiQCtb)'ne ... c_tions,bntll ... tobe~rded ... 
tbeirdncendaullthl'OOghtmtioutdrq>r«IQCtJ.on.~ 

A "ell-known French botanist, M.l.(oooq. writel in 1854 (' Etndoi 
lurG~pb. UoL,·IQm.i.Jl. :;;0), "On TOit que Do» rech=!>etlur 
I .. flIl'~ au I .. ".n .. tion de t'('8j~, IlOUlI (lOOO.lui.e"j dirtCt~ment lOX 

i,IM ~tt1_ I"'" deux hOOlrMI jlllt~Jn('nt oil~bret, Geoffroy 8&int
JlilRire et Ooo!the." Some other P"~ _ttcr~d through M. 
1,('(:()Cj'.llrgu work, make it .. little doubtrol how r.r he eItends his 
"icw, on the m(.O\ificatioo ofapt'CI"". 

1'he 'i'bilre:>pl:iy of CTeo.tioo· has been tl'('t.ted in II mII.terly 
ruanll('thytheUev.lJoden J'owell, inhia 't::"'ya on 1b6 Unity or 
Wor!<k,' J!'.OO. NothiDJ!: c:anbemore .triking th.an tile millmer in 
,,·hichht.ho .... tbatlb .. introdlldionor ne ... areeiel ~ " .. nogular, 
not .. c:aow>l I'hetromenon," or, as Sir Jolin Hencbel eI~ ii, 
"a..aturaliocoutradiatinctiontoamirw:uIoulJlrtlCl!'io" 

••· ...... m.......:Blanr.,.,.,·.'UD'......,.,uDl""lIbordl.r ... t .. ithJIUlp-
0-..' II "PI"""" \110\ tI>o ... J.bnolM b>taulot ,ad pol_toIOf; .... U"K'"' pab-
h.hel,I.I~'2.hlo"'h.(lhotop.a.uD<ltoJ:o~~toDd.mod, .... Iiooi. 
l)·AI""',llk ........ ,I.l'alld.otondDoltoD· •• ork""r.,..;ls""ht, .. ~. 
In 18~', •• im;l.rboliof. Similar Tie .... ba •• ,,, io ... 11 know., Loom 1nAi._ 

:~I~~~k:or~n .~~rmh:~:.~:t~i~>h~~~ ~~I:::~ ~= 
.. ", ..... ond.'n.,ba ... U .. lmi.ted u. .... ",*,,,""_,In ... lly btiDg ,..., ... . 
.,~':l~~':!:!.:t~~~fou.;.:~:t=lll;!~;~io~..,;~:,~ 
of .... lioor.tnortr ........ loonoWl'itt«t .. opodollnDctM.of ... lanolh-r 
~.-. 
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Thclhird ,·oll1meofthe 'Jounlll.l of the Linnean Society' ('(ill· 
IAil\~ JlIIpc .... r<'lld July hi , 18fi.8. by Mr. W~\l1lOfl and m,...lf, in 
.... hich,lIIIltated In the introductory I'Cmarh wthil"ohnnp, the 
tht'Ul)' of Katural Sck'Ction iI lllOlnu]gated by Mr. "'aLl_ wilh 
Idmin.W .. lOroeandclean_ 

\'011 Deer. lo ... am. whom aU zooIogilU foelm profound a mpect. 
ex)lf"('M'ld.bomthey"'rI8ii9(_l'roI'.lludulphW'l!n~r, 'ZooIo
g;';h.AnthropoIOj\illChu UI1~rsnchung~n.' ISCl .... 51) hilOOllvictioll . 
cI,idlygtounded on the La"'sofgeographlcal distribulion, thatfurml 
!lOW ]lerfl'Ctlydi~tinct h"·od<.lllCO.'uded ftoUt a single perent-form. 

l uJulle, 18;)9.l'roI'e.urllu.dcygavull<'Ctll/ll befo;n the lloyd 
In;.titution 011 the 'I'era;.tcnt Tyl'e. ot Anilllal Life.' lIefcmng w 
IUd> -. he l"WlUb, " H il diflicuh IOcumJlrehend the mcaningof 
luch facqastb(we, if ... e IUpp:.>lO tI .. t eKh lpeciell of animal and 
I'I.nt,UI"tlCh g ..... t tYl'e of organisation, wMformedau(lp\acOO "POll 
too lurfaoe o[lhu globe at long intcr.,.all t'yad;"tinctactolCfCll.ti.,." 
po"'er; ~ud it ia "'ellto reoollcct that luch an ,"","UI\1 I,I;OO ia .. un. 
IUI,..orted by tl1l<l.ition or nlvelation .. itilol'l',lIJedtotbeg<:">eral 
analogy of nature. H. OIl the other hand. we .. ic ... 'l'eniltcn' 
'l'YI~' in relalion 10 that hypothetil wbkh .... Pro--lhl'IJIft'icoo 
li ... ingat any time to be the ,....ult 01 the gradu.l uiOdifiC:lli ... not 
l're-ailtiug"ptei--.I'Y]lotbHiawhlch, tboughunpnlyen,aud 
Nldly damaged hy .ome of illl .nl'port~r .. i, yot tbe only one to 
,,·hlchl'1ty~koo.Rnyoountcl1.l.lI00;thcire:liltenC(!"·ould 
.:-m w abo ... that the amount 01 modifiOLtioo wbieb Ii .. ing being. 
hll. .. e undergone during goologiml lime ia but very amall in relalion 
totbe .. hoIe.lleri .... olcbau~ .. hichthcyhaTelllfl"Blld.~ 

InDcccmber,1859.l)r. Hooker l'ubU,hed his 'Introduction to 
the Australian Florn.' In the 61"\11 JII'Ir!. of this great werk he .,Imila 
th~ t"'lhofthe deilrell t and moJ.ification of species, and '''"porta 
tI,i>I doct.rinelly many original oo.emltioul. 

The fifllteditiOllol thi. work ,,·ul.ubliohedonXOTcm\:M:r2.flh. 
1b.'>9,andthu\lCOOlldl.'ditioooaJ1lIlU!l.ry7Ih.lSOO. 
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ON THE ORIGIN OF SPECIES. 

INTRODUCTION. 

WilEN on board liM.S .• Beagle,' tL8 natumlist, I was 
milch stenck with certain facta in the distribution of 
the organic beings inlmbiting South America, 8ml in the 
geological relations of the present to the past inhnhitanta 
of thnt continent. These facts. as will bo St!en in the 
lAtter chnptors of this ,"olome, seemod to throw some 
light on tho origin of species-thnt my~tery of myste
ries, us it has been cal!ed by one of our greatest pllilo
BOphers. On my return home, it occurred to mo, in 
1l'l37. tImt something: might perhaps be mnde out on 
this question by patiently accumulating nod reflecting 
on all sorts of facts which could J.lOS8ihly hu,·o any bear
ing on it.. Aller five years' work, I nllo,,"cd mYlII.llf to 
speculate on the subject, aod drew up some short notes; 
th, :j(l I enlarged in ISH into a sketch of tho condo
sions, which then seemed to 010 probable: from that 
lleriod to tho l)rcsent. day I have steadily P"I'l;Ued the 
same object. I hope that I may be cxcnllC!d for euter· 
ing on these personal details, ns I g iYe them to show 
that I have not been hasty in coming to a deciBion. 

1[y work is now nearly fiuiBbed; but as it will take 
me two or three more years to complete it, and ns my 
health is far from strong, I haye been urged to pnbli.J;h 
this Abstrnct. I ha,.o moro especially been induced 
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to do this, as ]Jr. Wallace, who is now studying the 
llntural history of tho 1t[alay archil)Clago, lIas arri"ed at 
almost exactly the same general conclusions that I hayo 
on the origin of species. In 18J8 bo sent me a memoir 
011 this subjl''Ct, with a request that I would forward it 
to Sir Charles Lvell, who 8Cnt it to tho Lilllleall 
Society, and it is jmblishcd in the third volume of tho 
Journal or that Society. Sir C. Lyell and Dr. Hooker, 
who both knew of my work-the Intter having read my 
sketch of ISolA-honoured me by thinking it advisable 
to publish., with Alr. Wallace's excellent memoir, /lOme 
brief e:droets from my manuscrillu. 

This Abstrnct, which IIiOw l)Uhlish, must necessarily 
be imperfect. I cannot hero givo references and autho
rities for my J;weral statemenu; and I mud. trust to 
tho reader reposing /lOme confidence ill my aceumcy. 
No doubt effOrt will ha,'o crellt in, though l hope I 
ha\'o always been cautious in trusting to good authorities 
alone. I can hero give only the general conclusions at 
which I have arrinJ(l, with u. few facts in illustratioll, 
hut which, I hope, ill most Ctl.8CII will Buffice. No 0110 

l'Un feel more 8ensible than I do of tho necessity of 
hereafter publishing in detail all the facta, with refer
ences, ou which m)' couclU/lions have been grounded; 
and I hope in n. futuro work to do this. For I nm well 
aware that scarcely a single point is discussed in this 
"olume on which facts cannot be adduced, often appa
rently leading to conclusions directly opposite to thOilO 
at which I hal'o RlTil·ed. A fair result can bo obtained 
only by fully stilting and bo.l8.llcing the facts and argu· 
ments Oil both sides of each question ; ami tllW is 
hereimpossilolo. 

1 much regret that want of space prevents Illy ha"ing 
tho satisfaction of acknowledging tile generoU/l assistanoo 
which I hal'o roccired from very many naturalists, fIOme 
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of tlwm peracmally unknown to me. I eannot, how· 
ever, let this opportunity 1)Q8S without expressing my 
deel) oblib"tltioll8 to Dr. Hooker, who for the last fiftce.Jl 
years has aided me in c\'ery possible way by his large 
storca ef L.'lowledge nnd his excellent judgment. 

In considering the Origin of Species, it is quito con
ceivable that u nuturalist, reflecting o,n the mutual 
nffinities of organic beings, 011 thoir embryological 
relations, their geographical distribution, geological 
sllcce8Sion, nud other such facts, might oome to the oon
clusion that species had not been independently created, 
but had dC800nded, like varieties:, from other species. 
Xcvertheless. such a conclusion, e\'en if \I'ell founded, 
would be unsatisfactory. until it could be shown how 
the innumerable species inhabiting this world I14Y6 

been modifltXI, 80 !lIl to acquire thnt perfection of 
stnlcture and coodaptation which justly excitcs our 
admiration. Nnturalists continually refer to external 
conditions, such as climate, food, &:c., as tl10 only l}()ll
sible causo of variation. In ono limited BeIlIC, as we 
shall hercnfter see, this may be truo; but it is pre
posterous to attribute to mere extcrnal conditions, the 
stnleture, for instance, of tho woodpecker, with its feet., 
tail, beak, and tongue, 80 admirably adapted to catch 
insecta under the bark of trees. In the case of the 
mistletoe, whieh draws its nourishment from certail\ 
trees, which has seeds that mnst be transported by 
certain birds, and which has flowcrs with separate sexea 
nbsoluleiy requiring the agency of oertain insects to 
bring pollen from ono /lower to tho othcr, it is equally 
preposterous fonccount for tile structure of this parasite, 
with its relntioll8 to several distinct organio bcill~ by 
the efJ'~ of external couditioll8, or of habit., or of tlle 
\'olition of the pilUltit.seif. 

It is, therefore, of the highest importanoo to guiu a 
D 2 



cl(!lu' inligllt into the meanl of modification and co
adaptation. At the commencement of my obsen'ations 
it ecemed to me probable that a careful stmiy of domes
ticated animals and of culti"aled plants would ofTer the 
best chauce of making out this obscure problem. Nor 
Imvc I Ix!cn disappointed; in this (Iud in all other per
plexing CIlSC8 I have invariably found tlmt our kuow
kdge, imperfect though it be, of "arintion under domes
tication, afforded the beat and safest duc. I may 
venture to express my conviction of the hi~h n\hlO of 
such nuuiC!8, althongll tlley hl"'o been \'Cry commonly 
u<,glectcd by naturalists. 

:From these considerations, I shnll dorote the first 
chapter of this Abstract to Variation under Domes
tication. Wo shall thUB IlOO that a largo amonnt of 
hereditary modification is at least poeeible; nnd, what 
is cqUlllly or more important, we shall see 11011' great is 
the power of man in nccumulating by his Selection 
!:I1I(.'Cessh·e slight \'ariatiOlls. I will then 1)ll88 on to tho 
"variability of spccies in n state of nnture; but I slmll, 
unfortunately, be compelled to trOilt this snbject far too 
briefly, as it can be treated properly only by gi"ing 
long catalogues of facls. '" e shall, hOII'el'cr, be cnabled 
to discuss what eireumstances arc JUost fAvourable to 
'·n.riation. In the next chapter the Struggle for Ex
i"tenoo amongst all organic beings tllrougllOut the world, 
which incl'itnbly follo\\'!J from the high geometricsl 
ratio of their increase, will be treAted of. Thu is the 
doctrino of Malthus, Applied to tile wholo animnl and 
Yl'g<ltnhle kingdoms. c\.s many moro indil"iduals of ench 
spcci~B aro born than Ca.ll possibly 8url'il"o; nnd as, con· 
scquently, thero is a freqncntly recnrring strugglo for 
existcl\c<!, it follol\"8 that any being, if it vary llOWel'Cr 
slightly ill any 1ll1\J1lIer profitablo to itseir, under tho 
complex and somctimcs Yllrying conditions of life, will 
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luwe a better chance of 8uf\-il"ing, and tlim be naturally 
x1«ted. From the strong principle of inhcritance, allY 
selected variety will tend to llropagnte iUi new nll(l 
modified form. 

'Illis fundamental subject of Natural Selection "ill 
be treated at. some lcngtll in the fourth chapter; and we 
shall then 800 llOW Natural Selection almost inovitubly 
causes much Extinction of tho leM impro\'ed forms of 
lif<.', and leads to what I hal'O called Dil'ergenoo or 
Character. In the Ilut e1mptcr I shail discUSll the 
complex and little known laws of varilltiOll, In tllO four 
succeeding chapters, the most apparent and gral'est 
difficulties in accepting the theory will be gil-en: 
namely, first, the difficulties of transitions, or how a 
simple being or II. simple organ can be changed and 
perfected into a highly del-eloped Pcing Of into an 
elaborately constructed organ; IICCOndly, the subject of 
Instinct, or tile mentnl powers of pnimals; thinl ly, 
Hybridism, or the infertil ity of speciC8 and t110 fertility 
of l'arietiCfl' when intererossed; aud fourthly, the imper
fection of the Geologica1 lleeord. In tho ne,;t chapler 
I shall oolUlidcr tho geological sUccesllion of organic 
beings throughout timo; in tho cleyenth and twdfth, 
their geogrophical distribution throughout space i ill 
tho thirteenth, thoir.c1assificntion or mutual affinities, 
both when matnr(l and in all embryonic condition. In 
the Inst ohapter I slll,1I givo II. brief reclI.pitulatroli or 
the wholo work, and a few concluding rcmarks. 

No ODO ought to feci surprise at much remaining ll.8 

yet uuexplained in reganl to the origin of species and 
vurieties, if ho make duo allowanco for Olir profound 
ignorance ill regard to tho mulual relations of the Illany 
beings which lh'e around us. Who can e:a:plain wh)' 
one SllOOi<'tl rnngeR widely IIml is ,"cry numerous, lllld 
why another allied species IIIlS a narrow rouge and is 



rare? Yet theeo relatioll3 are of the higlu~t importance, 
for tbey determine tho present welfare, and. 88 I 
belicye. the future succcss and modification of crery 
inhabitant of this world. Still less do '1'0 know of tho 
mutual relatiOll8 of tho innumerablo iuhabitants of 
tho world during tho many past geological epochs in 
itilllistory. Allhough mueh relnailll obscure, and will 
long remain olncure, I ellI1 entertain no doubt. after the 
most deliberate 8tudy alld di;;puas.ionate judb'1llent of 
which I am capable, tlmt the vicw wl.ieh most natu
ralists enterttl.in, and whieh I formedy entertained
nnmcly, that oneh species has been independently 
created-is erroneous. I am fully convinced tbat 
8pecies arc not immutable j but that th060 belonging to 
what arc called the same genera arc linen! descendants 
or 80me other and generally extinct speci~ in the sarno 
manner IlH tho acknowledged yarictiCB or any ono 
species are tho dCtlCCndants of that species. Further
more, I am convinced that Natural Selection has been 
tho most importnllt but not tho cxclusire means of 
modification. 

c.. The Comolete Nork of Charles Oarwlll Coot: 



VARlATlO~ UNDER DOXESTICATION. 

OHAPTER 1. 

YABIATlOl<1 &l'1DEB DoKOTICATlOl<" 

Cau ... of Yarial.oility-Effcct$ of Habit-Contlntod Yari"tioo 
- Illheritnnoo-ChD.rnCk'r of Dome$tic Yarietietl- J)initulty of 
<\i.tiZWIi.hingbet .... ceu Yarieti"3an(\ Speei~-Oril(iuofDom~tic 
Varietietl from OOCI or m(Jffl Speciel-DvI\leitio l'i~OOIlll, their 
DiffercllCel Rnd Origin-I'rincipl~ of Selecti(III, alldClltly fol 
l ....... ed. t~ir Etl"octa-!ilcthodical aoo UDOOnICiowo Sel<:ction
l.'ukno,,"u OrisPu of OOr DomeItic l'roductiolll-Circumllt&ucel 
{a'"(IIInbie to Mall'. po1l"<!l"ofSeleetion. 

G:lu.e. of Van"ability, 

WUEN wo compare tho indi"iduals of tIte IInmo Yariet}" 
or 8ub-mriety of our older cultil-atcd plnllt8 and ani. 
mals, ono of tho first points which strikcs us is, Ihnt 
thcy genenilly differ from each other moro than do the 
iudh'iduals of anyone species or variety in II BroW of 
nature. And if we reflect on tllO mst diversity of "tho 
plant. and animals which hal'o 00e1l cultinlted, and 
.... hich baWl mried during all ages under tho mOlit dif. 
ferent climates and treatment, wo tI.ro dril'en to conclude 
that this groot mriability i#duo to our domestic Ilro
ductions having been raised under comlitions of life not 
80 unironn 88, lfIld !!Omen-hat different froln, those to 
which tho parcnt-spedes had been cxposcd lmller na. 
ture. There is also, I think, !!Omo prooo.bility in tho 
liew propounded by Audrew Knight, that this ,'aria
Lility may be pnrtly conuected with exCC.!l.<i of food" It 
IICCUIS clear that orgnnic beings must be exposed during 
IICl"crnl generation!! to nell' conditiolls to caU3Q any up .. 
prociablo amount of variation j tUld that, wlien the 
of'.:anisation has once begun to "arr, it genorally con· 
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tilliles mrying for many generotions. No case is on 
record of 0. "ariable organism ceasing to vary under 
culthation. Our oldest cultivated plants, suclL as 
wheat, still yield ncll' ,arictics: our oldest domesticated 
animals are still capable of rapid improvement or 
modification. 

As far as I am able to judge, aft€r long att€nding to 
tho subject, the conditions of life appear to net ill two 
wars,-directly on the whole organisation or on cert.ain 
J'llrts alone, and indirectly by aITecting tIle reproducth'O 
system. 'Yith respect to tho direct action, we must 
bear in mind that in every case, as Professor'Veismann 
has lately insib100., and as I llll.vo incidentally SIIOWI\ in 
my work 011 'Variation under Domestication,' there are 
two fnetors: namely, the nature of the organism, and 
the naturo of tho conditions. 'rhe former seems to be 
much the more important; for nearly similar vnriations 
sometimes arise under, os for as wo call judge, dissimilar 
conditions; ond, on the other hund, dissimilar variation8 
under conditions wllich appear to be ncarly uuifonn. 
T he eITects on the oITspring are either definite. or ill
definit('. They may be considered as definite when all 
or nearly all the offspring of individuals ~posed to 
certain conditions during 8(werol generotions are modi
fied ill tIle Eame manner. It is extremely difficult to 
como to allY conclusion in regard to the exwnt of tllO 
changes which havo UcCIl thus definitely induced. Thero 
can, llOwever, be little doubtaoout many sligllt changes, 
-such ns sizo from tho alllount of food , colour from 
the nature of tile food, thickness of tho skin and hair 
from elimate, &c. Each of the endless variations which 
we seo in tho plulIlage of our fowls must have had 
SOIllO efficient cause; and if tllo SRIllO causo WOTC to 
act uniformly during a. long series of generations on 
lUany indh'iduals, nIl probably would be modified in 
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the mme manner. Such facts lIS the complex and 
cxtmordiuary ont-groll1hs which im"ariably follow from 
the illJ>Crtioll of 0. minute drop of poison by (l gnll-pro.
dndug insect, show l lll what singular mooilk"lltioliS might 
l'Cfiult iu the case of plants from a chemical change 
in the nature of the sap. . 

Indefini te "ariability is 0. milch more common result 
of changed conditions than definito vnriability, lind hus 
probably played a more important part in tho formation 
of our domcstic races. We see indcfinite "ariability in 
the cndlCSil slight peculiarities which distinguiab the 
indiridual8 of the snIDe species, and which canDot be 
accounted for by inheritance from either )lIlrent or from 
.. mo more remote nncestor. Eren strongly-marked dif
ferences occasionally appear in tile young of the sarno 
litter, and in BC«llings from the same 8C('(!-eapsules. At 
long intef\'als of time, out of millions of indiriduais 
Teared in tho same country and fed on nearly the Runo 
food, dcviations of structuro so strongly prononnced liS 

to desen'e to be called momtrositieB arise; hilt mon
stl'Ollitice cannot be separated by any distinct line from 
slighwr variations. All such changes of stmcture, 
wh(:lher extremely slight or strongly marked, which 
8J1pC'ar amongst maDY individual8 Ih-ing together, may 
be considered lUI tbe indefinite effects or the conditions 
or life on each indi"idunl orgoniam, in nearly the same 
man tier lUI n dlill affects different lIlen in aD inde
finite manner, according to tlleir state of hody or con
stitution, causing coughs or colds, rheumatism, or 
infillilimations of "arious organs. 

With I'c~pec t to what I hm"o cllllcd tliO inrurcct action 
of chunged conditions, namely, through the reprodllctinl 
sYbtcm !x-ing Ilffected, we may infer that mriahil ity is 
tl\U~ induP<ld, partly from the fllct of tllis sylltem being 
extremely BCDsitive to any change in tbe conditiOJlll, 
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and partly from tl\o similarity, ll.S liolreuter and others 
lUWQ remarked, between the variability which follows 
from tho crossing of distinct species, and that which 
may be obscned with alt plants and animals when 
reared under new or unnatural conditions. Many filets 
clearly show how eminently susceptible the reproduc
ti\'o system is to vcry slight clul!lges in the surrounding 
conditions. Notlliug is moro easy than to tamo an 
animal, and few things more difficult than to get it 
to breed fredy under confinement, oven when tho malo 
IIDd female unite. How many animals thero are Wllich 
will not breed, though kept in an almost frcostato in their 
native country ! This is generoUy, but erroncollsly, attri
buted to "itiated instincts. :Many culth'ated plani::! dis
play the utmost vigour,and yet rarely or never seed 1 In 
somo fow CUSC!! it has been diS(.·(wcrcd that u "cry trifling 
ehuuge, such as u little Illore or less water ut some par
tieulur period of growth, will determine whether or not 
u plant will produco seeds. I cunnot hcre gh'o the 
details which I haye collectOlllllld elsewhere lJUblished 
on this curious subject j but to show how singular tho 
laws are whieh dctermino the reproduction of unimals 
under confinement, I may mention that carnivorous 
animals, cYcn from tho tropics, breed in this country 
pretty freely under confinement, with tho exception of 
the plantigrades or bear family, which seldom produce 
young; whereas carnivorous birds, with the rarest ex
ceptions, hardly e,'er lay fertile eggs. Many exotic 
plants liUYO pollen utterly worthless, in the same con
dition as in tho most storile hybrids. When, on tho 
ono hand, we see dOlllCllticated animals and plants, 
though often weak and sickly, yet breeding freely under 
eoufinement; and when, on the other hand, we see indi
viduals, though takon young from a state of nature. 
perfectly tamed, long-lived, and llOalthy (of wllich I 
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could give numerous instances). yet II/lYing their rcp~ 
ducth'o system so scriou.s1y affected by unperceh'ed 
causes as to fail to act. we need not be Burpri!cd at this 
sys1em, when it does act under confinement, acting 
irregularly, aud producing offspring somewhat unlike 
their purcnts. I may add, tI\flt as somo organisms 
breed frecly tinder the most uunatuml conditions (for 
ins((\lIce, rabbits and ferrets kept in hutches), Bllowing 
that their reproductive organs are not affected; so will 
some auimab and plants withstalld domestication or 
cultivation, and ,'al')' "ery slightIy-perhaps Ilardly 
more than illilstato of nature. 

oomo naturalists havo maintained thai all "l1riations 
are eonnedcd witll the act of sexual rcllroduetion; but 
this is certainly an error; for l liave gh'en in another 
work a long list of "sporting plants," as they are called 
by gnrdenC1'8 i-that is, of plants which havo suddculy 
Ilreduced 11 singln bud with a !\6W and somctimes 
widely different character from that of the other buds 
on tho samo plant. These bud.mriations, Ill! Ihey 
mny be namw, con be propngntcd by grall.s, offscte, 
&C,' and aometimee by seed, TIley OCCur rarely under 
nature, but far from mrely under eulture. As a 
single bud out of the mauy tholl8ll.nds Ilroduced year 
after year uuder unifonn oonditiolla 011 the same 
tree, has boon known suddenly 10 a61!nme 0. nolY 
chartlcler; and Ill! buds on distinct trees, growing nnder 
dilTerent conditions, have 8OIDotimes yielded nearly tho 
same "lIricty-for instance, buds 011 peaeh·trees pro. 
dueing nectarines, and bnds on commou r08C8 llroducing 
moss-rol§C&-lI'o clearly BOO that tho nature of tho con
ditions is of quite subordinate importance in compari8011 
with tho nature of the orgallism in determining each 
particulnr rOMU of \'Ilriatiou ;-of not more importanco 
than tho nature of the spark by which 0. mast of com-

Tho>. C;nm t e Work 0fr~""r1 n ........ nnlne 



12 CIr.lov.l. 

hustible nlatter il ignited, bll8 in dcwrmining the nature 
ofihe flames. 

Effectl oj Ililbit,. OorreJaied Variatwn. .. IlIluritanc8. 

Habits nro inherited IUld have Il d~idcd influence; liS 
in the period of the flowering of plants when trnnsporled 
from oue climate to another. In animnls they have a 
more marked eKed; (or instance,! find in the domestic 
duck that the bones of the wing weigh less and the 
bones of the leg more, in proportion to the whole 
skeleton, thnn do the same bones in the wilJ-dnck; 
lind this change may be safely attributed to the 
domcstic duck flying much less, and walking more, 
than its wild pnnmts. Tho great a1l() inherited deve
lopment of tlle udders in cows nDd goats ill countries 
where they arc habitually milked, in comparison with 
the state of theso organs in other countries, is Ilrobably 
Ruother instanoo of the effects of usc. Not ono of our 
domcstic animAls call be named wllich lias not in somo 
conn try droolJing (>lUll; and tho view which has beeu 
lIuggcsted thAt tho drooping is dne to the disuse of tho 
mllSClcs of the ror, from tho animals being seldom 
alarmed by danger, 8e('ms IJrobable. 

)Jany Ian regulate ,-ariatiou, !lOme few of which can 
be dimly 8e('n, and will hereafter be briefly discussed. 
I will here only allude to what mAy be called COrTe
luted mriatiOIl. Importnnt dlunges in tho embryo 
or lun'a will probably entail changt'll ill the matnro 
animal. In monstrosities, the correlRtions between 
quite distinct parts nre ,'cry curious; and mnny 
instances are given in Isidore Gcoffroy 81. Hilaire's 
great work 011 thill subject. Bre«lers belie\'o that 
10llg limbs are almost always fl.CCQmJlanied by an 
elongated head. Somo instances of correlation are 
qllito whimsical: thull cats which tm) entirely white 
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and have blue eyes are generally dear. Colour aDd 
oonstitutional peculiarities go together, of which many 
relDflrkable Cfl8e6 ceuld be gircn amongat anillUlls and 
)llants. From facts collected by lIeu8ingt'r, it a]lpear8 
t]u~t white Shce)l and pigs are injured by certain plants. 
whilst dnrk-eoloured individual8 ellCape: Professor 
\\'yman has rocenUy oommuuicated to me a good 
illustration of this fact; on asking I!Ome farmers in 
Florida how it wu.s that all their pigs were bluck, they 
informed him ulat the pigs ate the paillt-l'OOt (Lach
Ilanthcs). which coloured their boDC8 pink, aDd which 
roused the hoofs of al1 but tbo black "arietics to drop 
olf; nncl ono of tho "crackers" (i.t. FloridasqlUltters) 
added, "we select the black members of a litter for 
raising, 88 thcy alono have a good chanco of li\'illg." 
l1airless dogs hare imperfect teeth: long-haired and 
coorse-haired animals are apt to havc, n.s is IlS/j('rted, 
long or many llorns; pigeons with feathered feet. hare 
skill between their outer toes; pigeons with short 
beaks llll.ve small feet, and thOll(l with long' beaks large 
(oot. HaDoo if man goes on selecting, all() thus aug
menting, any peculiarity, ho will almost certainly 
modify unintentionally other parts of 016 structure, 
owing to tho mysterious laws of correlation. 

Tho results of tbo "arioull, UnkU01\1I, or but dimh' 
Dudcl1ltood lawl! of mriation are infinitely OOml)lcx and 
diycrsified. It i;! well worth whilo cnrcJully to study 
the 8O"cral treatises on some o( our oM clliti,'ated 
l)lallu, lUI 011 tho hyacinth, potato, C,'cn tho dahlia, &e,; 
and it i8 relllly surprising to 110t6 tho cnrlless points ill 
structure and constitution in which tho varieties lind 
sub-\'arieties differ slightly from cach other, '1' 11" 
wholo olb>uniAAtion seems to ha\'e becollle llluiie, and 
tends to depart in a slight degree from that of tho 
parental type. 

lhet.,.;omnl t w ofr.~rI r.~ ...... ,nnhn 



'{ Cltu'.I. 

Any variation which is not inherited is unimportant 
for us. But the number find diversity of inheritable 
dC\'io.tions of structure, both those of slight and thoso of 
considerable physiological importance, arc endless. Dr. 
Prosper Lucns's treatise, in two large yolumc!>, is tho 
fullest and the best on this subject. No breeder doubts 
how strong is tIle tcndencyto inheritancc: that like pro
duces like is bis fundamental belief: (Ioubts iul.I'c been 
thrown on this principle only by theoretical "'riters. 
"'lieU any deviation of structure often appears, and we 
800 it in the father and child, we cannot tellwhctllOr it 
mlly not be due to the SIlme cauSQ having acted OJ1 
both; but when amongst individuals. apparently ex
posed to the sarno conditions, any vcry rare deviation, 
due to some extraordinary combination of circuw
stances, appears in the parent-say, onco amongst 
8e"eral million individuals-and it reappears in tl10 
child, the mere doctrine of chances almost compels llS 

to attribute its reappearance to inheritance. E,'ery 
one must have heard of eases of albiuism, prickly skill. 
hairy bodies. &e., appearing in so\-eral members of the 
same family. If strange and rare de\-iations of struc
ture are really inherited. less strange and commoner 
de\-iatioll8 may bo freely admitted to be inheritable. 
Perhaps the correct way of viewing tho whole subject, 
would be, to look at the inheritance of every c11nrncter 
whatever lUI the rnle, and non-inheritance ns tIle 
anomaly. 

The laws governing inheritance are for the most 
1l1lrt unknown. No one call say why the same pecu
liarity in different individuals of the same species, or ill 
different species, is sometimes inheritcd and IIOllletimes 
not 110; why tho child often re\'em in certain cha
racters to its grandfather or gro.ndmother or moro 
remote ancestor; why a peculiarity is often transmitted 
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from one SCl: 10 bolll sexes, or to ono Bel: alone, moro 
commonly but not exclusi'l"ely to the liko leX. It is a 
fact of I!IOmo importance to us, that peculiarities 
approring in the males of our domestic breeds are ofteu 
tmnsmitte<1, either exclusivcly or in a much greater 
degrtX!, to the males alone. A much moro important 
nde, which I think may be truste<!, is that, at whatever 
I)('riod o( lifo a peculiarity first nppears, it tends to 
re-flppcl\r in tho offspring at a corresponding age, 
though IJOllletimes earlier. III many cascs this could 
not be otherwise: tlms the inherile<! peculiarities in 
tho IIOfns of cattle could appear ollly ill tlU) offspring 
Irhen noorly mature; peeuliarities in the silkwonn are 
known to appear at the corre8]lOnding ooter]lillar or 
cocoon stage. But hereditary disclUlC8 Q.lJd I!IOme other 
filets mako mo beliol'o that Ihe rulo hM R wider 
extension, lind tliat., when there is no allpnrent reason 
why a I)('(!uliarity should appear at any pnrticular age, 
yet that it docs tend to (lppe(lr ill tho ofT's]Jring at tho 
sarno period at which it first appeared ill tho pnrent. I 
bcliC\'o this rulo to be of the higllest importRuce iu 
eJ:IJllliuing tho laws of embryology. 'fhctlO remarks are 
o( course confine<! to the first apptara~ of the pecu
liari ty, ami not to its primary cause, which may hal·e 
acted on the ol'ules or on the malo element; in nearly 
the 8tlme manner as in the off"llring (rom a short
Ilome<! cow by a long-horned bull, tllO greater length of 
110m, though appearing lato in life, is elearly due to the 
mllioelement. 

Having allude<! to tho subject of reversion, I may 
}IClO refer to 11 statement often made by naturalists
namely, tllnt. Ollr domestic varieties, when run wild, 
gradlll1lly hilt invariably fCI'ert in character to their 
aboriginal stocks. Rence it lills been argued that 110 

deductions can be drawn from domestic rIlCefI to species 
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ill n stolc of nature. 1 h/wo in vain cudelwoured to 
discO\'cr on what decisi\'c f(lets the aoo\"o statement hilS 
80 often (lnd 80 boldly been made. Thoro would be 
grrot difficulty in IJTO\'ilig its truth: wo may safely 
conclude that very many of the most strongly-marked 
domestic \'nrietics could not possibly lire ill a wild 
etate. In many cases we do not know wl\(lt tJlO 

aboriginnl stock W8S, and 80 could 1I0t tell wllCther or 
not Dearly perfect ren'rsion had ensued. It would be 
necessary, in order to pn:m:mt tbo ('[o:cta of intor-. 
crossing. that only a singlo variety should havo been 
turnoo 10080 in its lIew llOme. N(WCrlileiess, as our 
"arictics oor1ainly do occnsionally revcrt in some of 
their chnrneters to IUICClltmi forms, it seem8 to mo not 
improbuble, that if we could succeed in llaturnlising, or 
were to cultinl.te, during mUlly generntiou~. tho severnl 
races, for instance, of the cabbage, in \'ery poor soil (ill 
which case, howeycr, some effect would h/we to be 
attributed to the definito IlCtion of tho pOOr soil) , tlmt 
tlley would to II. largo extent, or even wholly, rc\'crt to 
tho wild aboriginal stock. Whether or not tho c:tpcri. 
ment would succeed, is 1I0t of great importnnoo for our 
lino of argument; for by tho experiment itself tho 
conditions of life aro changed, If it could be shown 
that ollr dOlliestic varieties manifested a strong tendcncy 
to Mversion,-that is, to 10.;;0 thcir acquired cbaractrrs, 
whilst kept under tho salliO conditions, and whilst kept 
in a considerable body, 80 that free intt'rcross:ing might 
chock, by blending together, !lny slight deviatiolls in 
thcir stnlctUri', ill such easc, I grant that we coul(l 
deduce nothing from domestic varieties in regard 10 
specics, But there is 1Iot n slmdow of ovidcnco in 
fayour of this \'iew: to nssert that wo could not breed 
onr cart and rnce-llOl'IICS, long and short-homed cnttlt', 
and poultry of vBrious breeds, Bnd csculent vegetables, 
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{or an unlimited number of generations, would be 
oppoaed to all experience. 

ClUJ.r-ader of DOllltetic Varidia .. dijfictJt!J of dislinguilh
ing bttv:een Varidit, and Speciu; origin of lJomaiic 
Yaridiafrom omI or more Specia. 

When \\'0 look to the llered.ilary vluieties or races of 
our domestic auimals and plants, and oollll'nro them 
with closely allied species, wo gcnomlly perooivo in 
each domCfitie race,as already remarked, less unifonnity 
of character than in true species. Domestic ruces often 
havo a l'Omewhat monstrous character; by which I 
mean, that, although differing from t'OCh othor, and 
from other species of tho sarno genu!!, in 8C\'eral trifling 
respects, they oRon differ in an extreme degree in 
IIOme one pnrt, both when comparod one with another, 
and more C!fIpcc.ially when compared with tho srecies 
under nature to which they are nearest nllieJ. With 
thc80 exceptions (8nd with that of tho perfect fcrtilityof 
varietie8I1"ilcllorosse<i,-a subject heroofter to bodis
cuf!8Od), domestic ruces of tho same species differ from 
cael, otber, only in rnost eases ill flo 1088 deg~, in the 
same manner lUI do closely.nllied speciCII of the same 
gellllS in a state of nature. This must be admitted as 
tru!.', for tho domC!fltic races of many animals ami plants 
ha\'O beeu ranked by BOrne competent judges fIB the 
d"lSCendnnlt! of aboriginally distinct species, Mil by 
other coml)6tent judges as mere ,·arieties. If ally well 
marked eli-tinction existed between n domC6tic mea lind 
"81I1.'CiC!fl, thia 80urec of doubt would not.110 perpetunlly 
recur. It hus often been stated that domestic rnces do 
not differ from each other in ehnrnctera of generic 
mine. It can be shown that this statement is not 
correct; but nBturnlialiJ differ Inllch ill dctennilling 
what characters are of generic "alllO; all IlUch \·Bllla· 
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lWnB being at PfC'SCut empirical. When it is explained 
how genom originate under lIature, it will bo accll that 
we have no right to e1p~ct ollen to fiud a generic 
amount of difference in our domest icated races. 

In attempting to estimate the IIlnount of &true
tllTfll difference betwocn tho domestic rAces of tho sarno 
species, wo arc SOOD iln'oh-ed in doubt. from notkno\l'ing 
whether they M.e descended from one or 8e\'cm! parent
species. Tllis point, if it could be c\cllroo up, would be 
interesting; if, for instance, it could be shown tll11t the 
greyhound, bloodhound, terrier, spaniel, and hull..dog, 
which we all know propagato their kind 80 tml)', woro 
tho offspring of any Bingle species, tIleD Buch facts would 
hl1\'o great weight ill making lIB doubt. about the immu
tability of the many very closely allied natural species 
-for illlltallcc. of the many foxes-inhabiting different 
quarters of the world. I do not believe, as wo shaJl 
presently sec, that too wholo amount of differenco be
tween tho several hroeds of tho dog has been produced 
under domestication; I believe that somo small part of 
tho difference is duo to their ha,-ing descencled from 
distinct species. In tho case of strongly marked races 
ill somo other domesticate<t species, there is presump· 
tive, or m'en strong evidence, that all are descended 
from a single wild stock. 

It hIlS often been assume(i that llIall has ehosell for 
domestication animals and plnnts hm'ing an extra
ordinary inherent tendency to vary, and likewise to 
withstand di"el'So eJimnk8. I do notdispnto thnt these 
CApacities hare added IIn'gely to tho vaJuo of moat of 
our domesticated prodllctions; but holl' could a SlLl'ago 
possibly knoll', when ho first tamed an animal, whether 
it would vary in sllccee<iing generations. and whother it. 
would endure othcr eJimatcs? Hns tbo iittloyarinhility 
of the ass and gooec. or tho small power of euduranco 
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of warmth by the reindeer, or nf cold by tho common 
camel, prevented lheir domesticotion? I cannot doubt 
Ulnt if other animau. and plants, e<lual in Illlmber to 
our domesticated productions, and belonging to equally 
din,rso clnsse8 and countries, were tnken from a stnte 
of nature, and could be made to breed fer nn equal 
number or gcneratiolla ullder domestication, til(lY woul(l 
on nn Iweroge vary n~ largely as the IlfLrcllt spreics of 
our t!xisting domesticated IJroductions hl"'o mried. 

In tIle caso of most of our anciently dOlucslicotoo 
animale and plants. it is not possible to come to any 
ddlnita conclusion, whether they are descended from 
one or 80veral wild spe<lies. The argumellt mainly 
relied on by those who believe ill the multillio origill 
of our domcstic nnilUal3 is, that we find in tho most 
ancien' times, 011 tile monuments of Egypt, nnd in 
the lakc-habitntiollsof S"'itzerland, lUllch dh'el'8ity in tliO 
breeds; and that BOrne of these lIucicnt breeds closely 
resemblo or are even identical with lhose still existing_ 
But this only throws far backwards tllo history of ci,-i
lization, lind shows that animals weredolllesticatcd at fl. 
much oorlier period tbau hus hithcrto boon supposed_ 
'Ihe lake-inhabitants of Switzerldnd culti"ated .llCvcrul 
kinds of wheat and barley, the pea, the poppy for oil, 
and llnx; aud they possessed .IIC'-erul domesticated 
animals; they had also commeree with other nations. 
All this clearly shows, aslleer has remarked, that they 
had nt this early age progressed considerably in ci,"ili· 
mtion; ancl this again implies a long-continucd p~ 
"ious period of Ie&'! advanced civilization, during which 
tile dOllle8ticated !Inimais, kel)t by tho dill'crent tribes 
ill different ciistrict .... llI ight h!l\'e ,-aricd and gi,-cll rise 
to dbtinct races_ 8ince t.he disco\'ery of flint tools or 
C('lts in t he luperfieial formations in nlany parts of 1110 
world, all geologists belic,"e that barb.uian llIali existed 
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nt an enormoualy remote period; nnd we know that at 
t110 present day thero is hardly a tribe 80 barbarous tuI 

not to have domesticated nt least tho dog. 
l'bo origin of most of our domestic animals will pro

bably for ever remain yague. But I Illny hero state, 
tlUlI, looking to the domestic dogs of tho whole world, I 
lun'c, after a laborious collection of aU known raeb, 
come to tho conclusion tllat Bel'oml wild species of 
Canidro hare been tamed, aud that tllcir blood, in SOmO 
cases mingled together, fluws in tho "cins of our do
mestic bwxls. In regard to ShC<'Jl ami gonfs I can form 
no decided opinion. From facts colllllllmicntcd to JIlO 
by Ur. Blyth, on the habits, ,'oice, constitution, and 
stnlchu'O of tho humped Indian cnttlc, it is aim(:f;t ecr~ 
lain timt they are descended from a different aboriginal 
stock from our European cattle; ancl BOrne competent 
judges beHel'o tllll.t theso latter havo had two or three 
wild progenitol'8,-whotber or not these descr\'o to be 
caIled spccicli or roccs. This concimion, 88 well as tho 
specific di5tinction between tho humped and common 
cattle, may, indeed, be looked at liS establi.shed by tho 
recent admirablo rcsrorches of Professor Rl1time.ye.r, 
With respect to horses, from reasons which I cannot 
bero gl\-e. I am doubtfully inclined to believe, in 
opposition to 8O\'erol authors, that aU tho roees belong 
to tho s,'l.mo ej>ecios. Having ke})t lIearly all tho 
English breedll of tho fowl ali\'e, having bred and 
crossed them, and examined their skeletons, it appears 
to me almost certain that all are. tho dcecendants of tho 
Il-ild Indian fowl, GaUus banki\"ll; and thill is tho con
clusion of Mr. Blyth, and of others who havo studied 
thill bird in India. In regard to ducks and mbbits, 
some breeds of which differ much from caell otller, tIle 
cvidenco is clenr thnt thcy IlfO all dC!C(lndo<l from tho 
('ommon wild duck anel rabbit. 
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The doctrine of the origin of our eel'eral domestic 
raoea from IOveraJ aboriginal stocks, hns ~n carried to 
an ahRunl cxtreme by some authors. ~rhcy belicl'e tllat 
every mee which breWs true, lct the distinctive cha
raeten be cver so slight, has had its wild )lrotOtypc. 
At this ratc there must have existed nt least a score of 
species of wild cattlc, as mally sheep, and 8Ov('ral goats, 
in Europe o.IOIIC, aud several evon within Great Britain. 
One author believes that there fonnerly existed in Great 
Dritaiu clovcn wild species of sheet) peculiar to it! 
Wheu 11'0 bear in mind that Britain has now Iml'dly one 
peculiar mammal, sild France but few distinct from 
those of GermallY, aud conversely, and 80 with Huugary, 
Spain, &!c., but that each of theso kingdoms p06seS5CS 
86yeral peculiar breeds of cattle, sheep, '\:oc., wo must 
admit that llIallY domestic breeds hal'O originated in 
Enrope j for whence hUI'e thoy bct>n derived, WI these 
IlOveral countries could not poe.sess 80 largo a number of 
peculiar species for parent-stocks? So it is ill India. 
Eyell in tho ca.so of the domestic doga of tll!l wholo 
world, which I admit to have dellOended from sol'eral 
wild species, it cannot be doubted that thero hRs been 
all immense amount of inherited variation j for who 
will beliel'o that animals clO8Cly resembling the Italian 
greyllOund, tho bloodhound, tile bull..Jog, pllg-dog, or 
BlenllC!im spanid, &c.-80 unlike all wild Canidro-ever 
exbted freely ill a state of rmture? It hlUl often bct!n 
loosely said that all our racos of dogs huvo been 1)1"0-
duced by tho crossing of a few aboriginAl species; bllt 
by cros.sing we cnn only get forma in some d(>greo inter
mediate between thei~ IJUrents j and if wo account for 
our 8C\'eral domestio mees by this llrocess, we must 
admit the former eJ:i..>tence of the Illost extrewe fonna. 
as the Italian greyhound, bloodhoulld, Lull..Jog, &c., in 
the wild state. MOfOOyer, the poesibility of mnking 
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distinct races by cl'O!l8ing: has been greatly cxnggerated. 
~rnny Cl\SCS nrc on reeord, showing thnt n meo may be 
modified by ocCMiOllnl crosses, if /lido<! by the careful 
selection of tho indi\'idunls which prescnt tho desired 
chnrocter; bllt to obtain a race ncarly intermediate 
between tll-0 extremely different ~ or speciC3, would 
be ,-cry difficult. Sir J. Sebright expressly experi
mented for this object, and failed. Tho olJ'sllring from 
tho first Cl"OIIS between two pure breeds ill tolerably and 
sometimes (o.s I have found with pigeons) extremely 
uniform, nnd everything seems simple cnough; but 
when these mongrels are crossed ono with Rnother for 
sc\'cmi generationS) hnrdly two of thelll are alike j and 
then tho e:drcmo difficulty of tho IlUIk becomes appn
rent. Certainly, a breed intermediate between tu:o wry 
dittind breeds oould Iiot be got witbout c::&:treme Cilro 

and long-contilluoo selection; nor can 1 find a ease on 
rceord of fl pcnnanent race harillg bccll tllUS formed. 

Breeds oj 1118 Domestu, Pigeon, tlieir Dwerenca and 
Orlgin. 

Bclie"ing that it iii always best to study somo specinl 
group, I ha\'e, afier deliberation, taken Ull domestio 
pigMns. I 118"0 kept every brood wllieh I could pur· 
c1lase or obtain, and ha\"e been UlOilt kindly fa"oured 
with Ilkin~ from BOveral quarters of tllo world, moro 
especially by tho llon. W. Elliot from Iudia, fwd by the 
lIon. C. Murrny from Persia. Many treatises in dif· 
ferent languages hlwe bccll published on pigeons. and 
BOrne of them are very important. 118 being of consider
able antiquity. I ha,·o associated with Kweml eminent 
fanciers, aud have been pennitted to join two of the 
London Pib'COll Clubs. i'be diversity of tho breeds is 
something O8t.onishillg. Compare tho English carrier 
aud the short-faeed tumbler, and 800 tho wonderful dif· 
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ferene(l in their beaks, entailing oolTCflponding differ
ellces in their skulla. The carrier, more cspcciaUy tho 
maIo bini, is alllO remarkable {rom the wooderful clem .. 
lopment o{ tho carunculatcd skin about the head; and 
this is accompanied by greatly elongated eyelids, yery 
largo externaI orifiQC8 to tho llostrils. and 0. wido ga])(l 
of mouth. Tho short-faced tumbler hnSIl beak in out
line almost liko that of tl finch; and Illo commOl1 tum
bler hili! tho singular inherited habit of flying at 8. gretlt 
height in I\. compact flock, and tumbling in tho air head 
o,'er hccl& 'rho runt is a bini of great size, with long 
maS!!in~ beak and largo feet; BOrne of tho sub-breeds of 
rnnt!! hl1"o yory long necks, otiu!rs very long wings and 
tails, others singularly short tails. ~'ho bo.rb is allied 
to tho carrier, but, illStead of a long beak, has a 
,'ery short and brood ono. The pouter has Il much 
elongated body, wings, and legs; and il.!l eo.ormomIy 
de"eloped crop, which it glories in inflating. may woll 
excite astonishment and oven lo.ughter. Tho turbit has 
a ,'cry short and oonical beak, witll 1:1. lino of re\'ef!lCd 
feathers down the breast; and it h.f18 tho habit of oon
tinually o::'1mnding slightly tI\O UJlper part of ilie 
<:esophagus, Tho Jacobin has tho {eathe", 80 much 
reversed along the bo.ck of tho neck that they form 
a hood; and it has. proportionally to ita size, mnch 
elongated wing and tail {cathers. The trumpeter and 
laugher, /l8 their names cxpress, lItter a very different 
coo from the oilier breeds. l'he fantail hIlS thirty or 
orCll forty tail-feathers, instead of tweh'o or fourtccn
the normalnumbcr in all mombers of tho great pigcon 
family; amI thcso feathers are ke]lt oxpanded, and ure 
carried 110 croci, that in good birds tho hcad and tail 
touch: tl,o oil-gland is quite aborted. Sci'eral other less 
.distinct broods might be specified. 

In the skeletons of the IICveral broods, tbo devciop-
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mcnt of the bones of the faoo ia length and breadth and 
curmture differs enormously, The simile, as well as the 
breadth and lengt.h of the ramus of tho lower jaw, varies 
in a highly relliflrkRl,lo manner, The caudal and sacral 
Tertebrro mry in nnmiler; as does the number of tho 
ribs, together with their relative breadth and the pre
sence of proceseea. 'j'he size and s.hape of tho apertures 
in tho sternum are highly YMable; 110 is the degree of 
dh'ergence and relativo size of the two arms of the 
furcula, The proportional width of the gnpe of mouth, 
tho proportional length of the eyelids, of tllO oriflce of 
theuostrils, of the wilgue (Ilotalwaye ill strict correla
tion willi the length of beak), the size of tliO erop and 
of the ullpe1" part of the resophagus i the de\'clopmellt 
and abortion of the oil-gland i the number of tho 
primary wing and caudal feathers; the relath'e length 
of \I'ing flnd tail to each other 11Ild to the body; tho 
reiati\-o length of leg alltl of the feet; the number of 
BCutellro 011 the toe~, tho de\'elopment of skin between 
tho toes, are nil points of structure which nre mriable. 
'J'ho IlCriod at which the perfect phuullge ill acquired 
"Ilrie~, as d()('fJ the stato of the down with wllieh tho 
nestling birds nrc clothed when hatched. 1'ho shape 
and size of tho eggs ,-ary. The Illllnner of llight, and 
ill 80me breeds tbe \'oioo aud disposition, differ remark· 
ably. Lastly, in certain breeds, tho males and females 
lUl"c come to ditTer in (L slight degree from each other. 

Altogether at iCll.Bt 0. !!COre of pigeolls might be 
chosen, whicll, if IIllOwn to an ornithologist, and he were 
told that they were wild birds, would certainly be 
ranked by him as well-defined species.. Moreover, I 
do not belie\'e that any ornithologi.st would lllaee the 
Englis.h carrier, the ~hort-faccd tumbler, the runt, tho 
barb, pouter, and fantnil in the same genus; more eSI» 
eiallyas in each of theso breeds soverni truly-inherited 
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lIuJ>.brood~ or species as he would havo Ctllled them, 
could bo shown him. 

Great lUI the differcnC(!8 are between the breeda of 
pigeons, I am fully coO\"ineed thnt the common opinion 
of naturalists is oorl'OOt, namely, tilSt all sre descended 
from tho rock-pigeon (Columba livia), including under 
this term several geographical races or sub-species, 
which diffor from eseh other ill tho most trifling re
spects. As sewmli of the reasoll8 which Ils\'o led me to 
tbis belief are in some degree appliCtlble in other ctl8e!I, 

I will here briefly give them, If the several breeds are 
not \"8rietie8, and ha,·o not proceeded from tIle rock· 
pigeon, thoy must hs,'e descended from at least 8e,'eu 
or eight aborigiMl lItocks; for it is imp0i8iblc 10 msko 
the Ilre8Cnt domestic breeds by the cl'QSlling of any 
IC88er number: how, for instance, eould a, pouter be pro
duced by crossing two breeds nnlcsa one of tbo parent
stocks JXIS8C!lIW<t the characteristic enormous crop? Tho 
supposed nb:)]'iginul stocks mllst nil have been rock
pigoons, that is, not breeding or willingly perching on 
trees. But besides C. livia, with its geographical sub
species, only two or three oilier speciOR of rock-pigcons 
are knovODi and these ha,,"e not any oCthe cilllmcters of 
ilie domcstic breeda Renco the supposed aborigiMi 
stOl'ka must either still exist in the countries where the" 
were originally dowestieated, snd yet. be unknown t~ 
ornithologists i lind this, considering their sile, habits, 
aDd rewarkable characters, seews improbable; or they 
must luwc become extinct in the wild state. But bird.:! 
brC€ding on Ilrccipices, and good fliers, arc unlikely to 
be exterminated; and tlle common rock-pigcon, which 
haJJ the same Ilnbits with the domestic breed!, hll8 not 
been exterminated orcn on Be"eral of the smaller British 
islets. or 011 the sllores of the Mediterranean. Henco 
the supposed exlcnnination of &0 Illany 8llCCies hR\'ing 
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similar habits with tllO rock.pigeon seems a vcry rash 
assumption. Moreover, the several above-named domes
ticated breeds havo boon transported to all parts of the 
world, and, therefore, some of them must llare boon 
carried back again into their nnti\'o country; but not 
one has evcr become wild or feral, thongll tho dovecot.. 
pigeon, which is the reck-pigoon in a very slightly 
altered state, has become fernl ill sc\'crnl places. Again, 
all recent experience shows tllnt it is difficult to get any 
wild animal to bree<l freely under domeeticntion; yet, 
011 the llypotheels of the multiple origin of our pigeons, 
it must be assumed that at least seven or oight species 
were so thoroughly domesticated in 8llcient times by 
Ilalf·civilized mnn, as to be quito prolific under con
finement. 

An argument of great weight, and applicable in 
several other cases, is, that the al)(we-spcci/led breeds, 
though agreeing geuerally with the wild rock-pigeon ill 
constitution, habits, voice, colouring, and in most parts 
of their structure, yet are certainly highly abnormal in 
other parts j we may look in vain throughout the whole 
great family of Columbidro for a beak like tlmt of the 
English carrier, or thnt of the short..faeed tumbler, or 
bArb j for rcversed feathers like those of the Jncohin; 
for a crop like that of the pouter j for tail-feathers like 
those of tIle fantail. JIence it must be lISSumed !lot 
.ollly that hnlf-civiuzed man succeeded in thoroughly 
domesticating sC\'eml species. but that he intentionally 
.o~ by challco picked out extraordinarily abnormal spe
cies j and further, that these Yery species have since all 
become extinct or unknown. So many strange con
tingencies are improbable in the highest degree. 

Some facts in regard to the colouring of pigeons wen 
desen'e consideration. 'I'be rock-pigeon is of a slaty
blue, with white loins; the Indian sub-species, C. inter-
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media of Stricklnnd. hnving: tllm rllut bluis.h; tile inil 
has a terminal dark bar, with the outer feathcrs exter
nally edged at the base with white; the winge have two 
black OOrs. Some scmi-domestic breeds, alld some truly 
wild breeds, 111,,"0, besides tbe two black oors, tile wings 
chequered wilh black. These iCvernl morks do Ilot 
occur together in ony other species of the whole fomily. 
Now, in o,'ory onc of the domcstic breeds, taking 
thoroughly well-bred birds, all the nbovo marks, el'en to 
tho wllite edging of the outer tail,fcathql'll, sometimes 
concur perfectly developed. More(n-cr, when bird! be
longing to blo or more distinct breeds. are oroeaed, nono 
of which are blue or have any of tho abowl-apecified 
marks, the mongrel offspring: are "cry allt 811ddenly to 
acquire these chamctcl1I. To ghe 0110 instanco out of 
Ievcl1\l which 1 II/we obselled :-1 croescd 8Omo white 
fantails, which breed very true, with some black barbs
and it so JUlPI)(!nS tlUlt blue ,'arietics of barbEl are 80 
rare that I nel'or lleard of an instance in England; and 
the mongrels wore black, brown, and mottled. I also 
crossed 0. ho.rb with a spot, which is a white bird with a 
red tail and red spot on the forehead, and which noto
riously broods "ery true; the mongreb were dusky and 
mottled, I then crossed one of the mongrel bnrl,fan
tails with a mongrel be.rb-spot, and they produced a 
bird or lUI beautiful a blue colour, with the white 10ilU!, 
_doublo black "'ing·bar, and barred and whitc-edged tail
fl'athers, as any wild rock-Iligoon! We can understallIl 
these f'Icts, on tlie well·known principlo or rexersion to 
flllccslral characters, if all the domcstic breeds are de
scended from tho rock·pigoon. liut if we deny this, 
we mllst make ono of the two following highly impro
bable Sllppositions. Eitber, first, that all the scI'eml 
imagined aboriginal stocks were coloured and marked 
like tho rock-pigooll, although no othcr existing species 
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is thUll coloured and marked, so that in cach scparnto 
breed there might be a tendcncy to re\"ert to the vcry 
same colours anti markings. Or, secondly, that each 
breed, e'fen tlU} PUl'C8t, hall within a dOZf'Il, or at moot 
within a score, of generatiolls, been crossed by the rook
pigeon: I say within a dozen or twcnty g<!nerations, for 
no instance is known of cl'Ol!.iC(l descendants reverting to 
an ancestor of foreign blood, remol'ed by a greater 
number of ~nemtions. In a breed which has been 
crossed only once, tho teU(lcllcy to rel·crL to any 
chanlcter derived from sneh a cross will naturally 
become lem and lem, fill in each auccee<ling generntion 
there will be less of tho foreign blood j but when thero 
has boon no cross, and thero ia a tendency in tho breed 
to revert to n eh(lracter which was lost during somo 
former generation, this tendency, for all that wo cun 8C6 
to tho contrary, may be transmitted undiminished for 
an indefinite number of generations. These two distinct 
cases of reversion aro often confOUlldo<i together by 
thOllC who I)lwe written 011 inheritance. 

Lnstly, tllO hybrids or mongrels from betwoon all tho 
domestic broods of Iligeons aN perfectly fertile. I call 
state this from my own obllCrmlions, purposely made, 
011 tho most distinct breeds. Now, it is difficult, per
haplI impo88iblc, to bring forward one CIlS(l of the hybrid 
off"pring of two animals cltarl!J distinct being them
selVl'll perfectly fertile. Some authon belicre tlmt 
long-continued domestication eliminates Illis strong 
tendency to sterility: from tho history of tho dog, and 
of somo other domc:siic anillllll.;;, there is !,-rcat proba
bility in tllls hypothesis, if alll)liod to species el(Jll(!ly 
related to each other, though it is unsupported by a 
single experiment. But to extell(l tho IIYilOthesis 80 
far liS to suppose that species, aboriginally as distinct nA 

carriers, tumblers, llOuten, and fantails now are, should 
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yield offspring lK!rfectly fertile iJlier .... 8eetnll to me 
nlI!11 in thccxtreme, 

From these several reasons, namely. tho improba
bility of man Illwing formerly got ilel'en or eight 
IUpposed lpecieaof pigeons to breed free ly under domes
tication; tllC8e SllPposed species being qnito unknown 
in a wild state, aud their becoming nowlwro feml; th080 
spccil.!& having Ycry abnormal characters in certain 
fC:!Ip<'cts. ns oolOlXlred with all other Columbidro, though 
80 like in most other respects to the rock-pigeon; the 
blue colour and \'arions black marks occasionally ar
pet\ring in nil the breeds, both when kCI,t pure and 
when crossed; t110 mongrel off81lring being perfecUy 
{ertiloj-from these eel'ernl reasons, taken together, 
1re may safely conclude that all our domestic breeds 
IiM'e dC8lX:uded from the Columba li,·ia witll its ~ 
grapliiealsub-Ipecies. 

In fal'ouf of this view, I may add, first, tllat C, 
livia, or tho rock-pigeon, has been found capuLlo o{ 
domestication in Europe and ill India; and that i~ 
a~ ill habits and ill a great number of pointJJ of 
structure with all the dOlllestic brood.. Socondly, 
altllOugh an ]~llgli8h carrier or a short-faced tumbler 
diffcl1l immen&ely in certain charactel1l from the rock
pigeon, yct by comparing the IICveml sub-breeds of 
these \'arieties, more especially thOBO brought from 
distant COUlltries, wo enn make in these tlfO eases, and 
in aome but not in all other cases, an almost perfect 
Beries betll'ccn tbo eJdromes of structure, Thirdlr, 
those ellll.mctcl1l which nre mainly distinctive of each 
Lreed, for instnncc the wattlo and length of beak of tllO 

Ctlrrier, tho shortness of that of tho tumbler, find the 
number of tail-feathers in the fantail, are in each breed 
eminently l'anaLle; ann the cl:plRnation of thi8 fact 
"'ill be obrious when wo come to treat of Selection. 
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]~ollrlbly, pigeons have hoen watched anel tended witb 
tho utmost care, aud lo"ed by lnally people, They 
havo been domesticated for thousands of years ill 
&c,'crol quarters of the world; the earliest known 
rcoord of pigeons is in the fifth .I'Egyptian dynasty, 
about 3000 B.C" as was pointed out to me by Professor 
upsius; but ~lr, Birch informs me that pigeons are 
given in a bill of fare in the prc\"ioUIJ dynasty, In tho 
lime of the Romans, as we hear from Pliny, immense 
pri<'Cs wero given for pigeons; .. nay, they aro come to 
this ptL!IS. that they can reckon Ill) their l,ooigree aurl 
rocc." Pigoons wcre much valued by Akber Khan in 
India, about the year lGOO j ne"cr leas than 20,000 
pigeons were taken with the court. .. The monarchs of 
Iron and Tumn BCut him some vcry rare birds;" and, 
continucs the courlly ilistoriau, "' His Majesty by 
cr()8$iug the breeds, which mcthod WIlS nerer practisetl 
before, has impro,'oo them II!!tonishingly," About this 
same period thc Dutch wero II!! eager about pigeous as 
were tIle old Romans. Tho parumount importancc of 
these considemtions in cxplaining Ole immcnse amount 
of "ariation which pigeons hare undergone, will 00 
obvious when we treat of Selection, 'Ve shall thcn, 
al.90, 800 how it is that the &c,'eral breeds so often havo 
a /tOmewhat monstrous chamclcr. It is also a most 
f8\'ourable circumstanoo for tho production of distinct 
brecdll. that male and femalo pigeollS can be easily 
mated for life; and thus different breeds can 00 kept 
together in the same aviary, 

I hawl discussed the llrobablo origin of domestic 
pigeons nt some, yet quito insufficient, length; because 
when I first kept pigeons and wntched tho so,'crlll 
kinds, well knowing how truly thoy breed, I felt fully 
lUI much difficulty in belic"iug that since tlley bad been 
domesticated tbey had all proceeded from a common 
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parent, 88 nny naturalist could in coming to a similar 
conclusion in regard to the many species of finches. or 
other groups of birds, in nature. One circumstance IIIUI 

.truck me much; namely, that nearly all tho hreedcrIl 
of tho "OnOIl8 domestic animals and the culth'awrs of 
plants, with whom I have conversed, or whoso treatises 
I 11/1.10 rend, aro jirmly convinced that tho 5~wernl Lrl!OOs 
to wl,ich ench hng attended, aro descended from 80 mnny 
aboriginally distinct species. Ask, na r hl\l'o asked, a 
celebrated miser of Hereford cattle, whetllcr his rottlo 
might not bo.\'o descended from Long-honl" or both 
from a common parent-stock, and he will laugh you io 
IIC'Orn. 1 have never met a pigeon, or poultry, or-duck. 
or mbbit fsncier, who WIlS not Cully convinced that each 
u13hl brood WIl.8 descended from a distinct species. 
Ynn :nons, in bis treatise on pears and "Pllles. shows 
how utterly 110 disbclie\'es that the sevcml sorts, (or 
iu~tanco n Hibston-pippin or Coolin-apple, could Cl'cr 
have proceeded from the seeds of the same tree, 111-
numemblo other examples could be gh'cn, The C;t
plaIlAtion, I think, is simple: fromlong-contiuuedstuuy 
they 6.rifstrongly iW}Jresseti with the differences ootween 
the sc\'eral raeos j and though they well know th.o.t 
each race \'aries slightly, for thcy win their prizes by 
selecting such Blight differencea, yet they ignore all 
genernl arguments, aud refuse tOBum up in their miuds 
slight differences accumulated during many euC<!C8lri\'e 
generations. ].lay uot thOSll natumlista who, knowing 
far Icm of tho 1.0.11'8 of inheritance than does the breeder, 
aud knowing no more than he docs of tile intermediate 
links in the long lines of descent, yet admit thnt mauy 
of our domestic I'IlCCS are descended from the lllime 
parenl&-may they I\ot learn a 10Sll0n of Cl\UtiOIl, wlum 
they derido tho idea. of species in a state of nature 
being lineal dC8CCl\danb of other spocies? 
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Principlu of Selection anciently followed, and fheir 
Effeds. 

Let us now briefly oonsider the steps by which do· 
meatic mcos havo been produced, either from one or 
from 8CYCTo.i allied species. Some effect may be nttri
buted to the direct and defiuite action of tho exterual 
conditions of life, and some little to habit j but he would 
be a bold mnn who would account by snch agencies for 
the differences between 0. dray and race horse, n grey
llound and bloodhound, a carrier and tumbler pigeon. 
One of the Ulost remu.rkablo fentul'C8 in our domes
ticated races is that we soo in them adaptation, not 
indeed to the unimal'sor plnnt's own good, but to man's 
use or Cuney. Some variations useful to him IJa\'o 
probably arisen suddenly, or by one step; ulany botan
ists, for instance, believo tlmt the fuller's teasel, with 
its hooks, which cannot be ri,"alled by any mecliUnical 
contri\'ance, is only a ,'nriety of the wild Dipsaeus; and 
this amount of change may IUH'e suddenly arisen in Q. 

seedling. So it hag probably been with the turnspit 
dog; and this is known to have been the case with tho 
o.ncon sheep. But whcn we compare the dray-horse 
and race-horse, the dromedary and camel, the various 
breeds of sheep fitted eitber for euiti\'atcd land or 
mountain pusture, with the wool of one breed good for 
ono purpose, and that of another breed for another 
purpose; wIlen we compare the many breeds of dogs, 
eueh good for man in ,'cry different ways; when we 
compare the game-cock, so pertinaciolls ill battle, with 
other breeds so little quarrelsome, with ,. e.erlaating 
layers" whieh ne\'er desire to sit, and with tho bantam 
so small I\.lld elegant; when we compare the host of 
agricultural, culinary, orchard, lIud !tOIler-garden rnces 
of plunts, most nseful to man at different seasons and 
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for diffe.N!l\t purposes, or so beautiful in his eyes, we 
mlliJt, I think, look further than to lllerD ,·ariability. 
Wo cannot SUpp080 that all tho brccd.s wcre soddenly 
produced ns perfect and as usefullU! wo now BOO tllcm ; 
indced, in Illany cases, we know that this has not been 
their hidlory. The key is man's power of accumulative 
selootion: nature gives successive variations; man adds 
them up in certain directions useful to him. In this 
SCl\9C he lIIay be 8Ilid to ha"e made for himsclf useful 
breed. 

Tho great power of this principlo of selection is not 
hypothetical. It is oortnin tllllt 8O\'I:!ml of our eminent 
Lrredl'1'8 h8\'C, e\'cll within 8 single lifctime, modified to 
R largo extcnt tho breeds of cattle and shoop. In order 
fully to realise wha.t they htnOe done, it is almost 0000&-

88ry to read IICveral of the mallY treatises dovoted to 
thi!J 8ubjc<:t, aud to iuspect the ¥imals. Breeders 
llabitunlly BIM:lak of an animal's organisation ns BOrne
thing quite l,lastic, which they can model almost as 
tlIey please. if I had space I coliid quote llumerous 
~gC8 to this effoct from highly collllM:ltent autho
rities. Youutt, who was probably better acquainted 
with tho works of agriculturistB than almost any other 
indi\'idual, and \\ho was himself a ,'ery good judgo of 
an animal, speaks of the principle of selection as "that 
which euublC3 the agriculturist. 1I0t only to modify the 
ch.'1racter of his flock, but to chango it altogether. It 
U Iho magicilUl'a wand, by means of which he may 
summon into life whatever form and mould he plenses." 
Lord Semen-ille, speaking of wbat breeden have done 
for Bh~Jl, eaye:-" It wonld seem as if they hnd clIalkcd 
out UI)()n a WIlIl a form perfect in itself, alld tlien had 
given it existence." In Saxony tho iWI)()rtallO& of the 
l'oncip10 of aeloe.Won in regard to merino sheep is so 
tully recogniJSC<l, that Dlen follow it as a trade: the 
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sheep a.re plaood on :l table and nrc studied, like n pic
ture by a connoisseur; tllis is done three times nt 
intervals of months, amI the sheep aTC each time 
marked andclas8c<l, so that the very best inCly ultimately 
be selected for breeding. 

What Eug-lish breeders have actually effected is 
proved by the enormous prices gircn for onimals with n 
good pedigree j and tbese 10.vo now been exported to 
almost every quarter of tbe world. 'I'he improvement 
is by no means generally due to crossing different 
breeds; all the best breeders arc strongly opposed to 
tllia practice, except sometimes amongst closely allied 
sub-breeds. And when a cross bas been made, the 
closest selection is far more indispensnble even thun in 
ordinary cases. If selection consisted merely in sepa
retiag some very distinct 'variety, lIud breeding from it, 
the principle would be SO ob\'ious as. hardly to be worth 
notice; but its importance consists in the great effect 
produced by the accumulation in one direction, Juring 
successive generatiolls, of differences absolutely inap
preciable by nn unedu('ated cye-differences which I 
for one IUI,ve \'ainly attempted to appreciate, Not one 
man in n. thousand has nccurocy of cye and judgment 
sufficient to become an eminent breeder. If gifted with 
these qualities, and 110 studies Ilis subject for yOIll'S, and 
{im'otes his lifetime to it with indomitable perseverance, 
he will succeed, and Dlny mnko great improvements; if 
he wants any of these qualities, he will assuredly fail. 
}'cw would rea(iily believe in the natuml capacity and 
years of practice requisite to become even It. skilfnl 
pigcon.fancier. 

Tho same principles are followed by horticulturists; 
but the variations are Ilero oftell more abrupt. No one 
supposes that our choicest productions 110.\"0 been pro
duced by n single nuiution frem the aboriginal stock. 
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We havo proof" that this is not 80 in !IOmo ~ in 
which exact records ba.vo been kept; thus, to give a 
yery trifling iustance, the steadily-increasing size of the 
common gooseberry may be quoted. Wo &00 an asto
nishing improvement in many florists' flowen, when the 
ftoll'en of the llrCSCllt day arc compared Wilh dmwiogs 
mado only twenty or thirty yeare ab"O. When II. raco of 
111anh is once pretty well established, tho aced-raisers 
do not pick Ollt tl lO best plants, bllt merely go over 
their seed-beds, and pllll up tho" rogues," a8 they call 
the plana that del'iate from the proper stnodan!. With 
nnimals thi8 kiml of selection is, in fact, al80 followed ; 
for han!ly any ouo is 80 cnrclcsa as to nllow llU worst 
animal8 to breed. 

In regan! to plants. there is another means of o~ 
IICrving the nccuOlulllted effects or sclection-namely, 
I.Iy comparing tho d.h·ersity of £10110111 in tho ditTerent 
Huietie8 of tho samo species in the flower-gurden; tho 
diversity of leaves, pods, or tubers, or II'hnte,·er lmrt is 
ralnOO, in tho kitcllen-garden, in compnrison with the 
flowers of tho same '·llricticB j nnd the diversity of fruit 
of the same speciC8 in the orchard, in comparisou with 
tho lelH"O!!I and £Iowera of the sarno set of varieties. See 
bow ditT"rent the lca'·cs of tho cabbage are, ami how 
cxtremely aliko tho flowers; how unlike the £lowell! of 
the heartacase 8"', and boll' alike tho lea,·ea; how much 
the rruit or tho differeot kinds or gooseberries difTer in 
sit(', colour, shape, aod hllirjuesil, ami yet tho flowers 
present Ycry slight differences. It is not thl1.t the 
,"arietics which diller largoly in some ono point {io IIOt 
differ ntnU in other points; this is hardly orer,-I ~peak 
after careful obscrvation,-perhaps nover, tho CR.SC. 'f ho 
lair of correlated mriation, tbe importaoco of which 
~houid nc'·erfbe overlooked, will ensure eolnO ditTer· 
cucea; but, lUI,a ganem! rwe, I callnot doubt that the 
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continued selection of slight variations, either in tho 
leaves, the flowers, or the fruit, will produce races 
differing from each other chiefly in thoBO characters. 

It may be objected tbnt the principle of selection hns 
been reduced to methodical practice for scarcely more 
than three-quarters of a century j it has certainly heel! 
more attended to of late years, and muny treatises hll\'c 
been published 01\ tho subject; nnd tho result has been, 
in Il rorresponding degree, rapid and important. But 
it is very far from true that tho pri nciple is a modern 
disoovcry. I CQuld gi\'o several references to the full 
acknowledgment of the importance of tIle principle in 
works of high antiquity. JII rude and barbarous periods 
of English history choice animals IIore often imported, 
and laws were I)usscd to prevent their exportation; the 
destruction of horoes under a. certuin size was ordered, 
and this may be compured to the" roguing" of plants 
by nurserymen. The principle of selection I find 
distinctly given in an nncient Chinese eneyelopredia. 
Explicit rules are laid down by some of tho Uoman 
classical writers. From passages in Gellesis, it is cloor 
that the colour of domestic auimals WilS at that early 
period attended to. Savages 1I0\\' sometimes cross their 
dogs with wild canine animals, to improve tho breed, 
and they formerly did so, as is attested by passages in 
}>liny. Tho savages ill South Africa matcla their 
draught cattlo by colour, as do somo of tho Esquimaux 
their teams of dogs. Livingstono stntes that good 
llomestic breeds ilrc llighly valued by tIle negroes ill 
the interior of Africa. who hn\"o not associated with 
Luropeana. Some of these facts do 110t show actual 
selection, but they shOll" tlmt the breediog of domestic 
aninlals wus carefully attended to in ancient times, and 
is now attended to by the lo\\"est savages. It would, 
indeed, have been a strango fuct, had attention not been 
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po.id to brooding, for tho inheritance of good Bnd bad 
qualities is soohviolls. 

UlICOnteiou.&l«twn.. 
At the present time, emillOut breeders try by me

thodical selection, with a distinct object in view, to 
make II new 8tNlin or sub-breed, superior to nnything 
existing in tho country. But, for Ollr llllrpexro, l\ kind 
of Selection, which mny be caned UnoonlltiollS, and 
which resulu from every ono trying to possess and brood 
from the best individual animnls, is more importllnt. 
'.fhus, n man who intends keeping poiuten IIntntlllly 
trics to get. AS good dogs AS he enn, and nRcrwaros 
breeds from his own best dogs, but ho has no wish. or 
expectation of permanently alte ring the breed. ~e\"er

tbeloo 11-0 filly infer that this process, continued 
during centuriN, woul(1 impro\'c and modHy any breed, 
in the same \l'ay as Bakewell, Collins, &c .. by this \"ery 
88me Pl'OOeM, only carried 011 more mcthodiClilly, did 
greatly modify, even during their own lifetimes, tho 
forms amI qualities of thcir <'flltle. Slow and insensible 
changes of this kind conld n(wer be recognised uuless 
nelual measurements or carefnl drawings of tho broods 
in question had been mado long "c"'O, which might SCf\"e 

for comparisou. In some cnses, however, unchanged, 
or but little changed indi"idulIlsof the same breed mlly 
be found in less civilised districts, where the breed bas 
been less iruproroo. l'hero is reason to believe that 
King Charles'llspaniel hAS been unconsciously modified 
to a large extent since the time of that monarch. Some 
highly competent authorities are oollvill('(l(l that the 
6etter is diredly derh'ed from the spalliel, and hIlS lltO
bahly bet>n IIlowly filtered from it. It is known that 
the English pointer has been grently changed within 
tbe last century, and in this case the chango has, it is 
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bc1i(wed, been chiefly effected by erosaes with the fox· 
houn(l; Lut what coucertls us is, tlll'lt the clmngo hus 
beetl effected unconsciously and gradually, and yet 60 
effectually, thnt, though the old Spanish pointer cer
tainly ealllo from Spain, Mr. Borrow LaB not seen, tIS I 
am iuformed by him, any native dog in Spain liko our 
pointer. 

By a similar procesa or selection, and by caroful 
tmining, 1110 wbole body of English racehorses havo 
COmo to surpass in fleetness and sizc the parent Arab 
stock, so that tho latter, by the regulations for the 
Goodwood Races, nre favoured in the weightB tIler 
carry. Lord Spencer and others hal'o shown how tho 
ca.ttle of England have increased ill wcigllt and in cnrly 
maturity, compured with t}lO stock formerly kept in 
this country. By comparing the accounts given in old 
pigeon treatise~ of enrriers and tumbleu with these 
breeds as now existing in Britain, rndin, lind Persia, we 
can, I think, clearly trace tile stages through which 
they llllVO insensibly pasaed, and como to differ 80 
greatly from the rock-pigeon. 

Youatt gives an excellent illustmtion of tlm effects 
of 0. courso of selection, which may bo considered u.s un
consciously followed, in so fur thnt the breeders could 
never ha,\'e e:'l:pected, or even ha\'e wished, to produce 
tho result wh ich ensued-namely, the production of 
two distinct strains. 'i'lle two flocks of Leicester sheep 
kept by Mr. Bncklcy ond Mr. Burgess, u.s Mr. Youatt 
remarks, "1J(lye be<>n purcly bred from the original stock 
of Mr. Bakewell for upwards of fifty years. 'i'here is 
not a suspicion existing in the mind of nnyone at all 
acquainted with the sllbject, Illat tIle owner of either of 
them has deviated in anyone instance from tho pure 
blood of Mr. Bakewell's flock, a')d yet the diffcrence 
botween the slleep possessed by these two gentlemen is 
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80 grent thnt tho~' lIQ\'O tbo nppearalle6 of being quite 
different \·arieties." 

If there eli~t llav"e«ell so barbarous as never to think 
of tho inherited character of the offspring of their d~ 
m<!Stio auimals, yet ally one animal p!lrtieularly useful 
to them, (or any special purpose, would be carefully 
}lresen'oo during faminC8 and other accidents, to which 
savage! aro 80 lin1le, and such choko animals would 
thus generally leo\'o moro off~prillg than tllO inferior 
on<!S; 8() tllOt in this coso there would be a kind of un
oonseiou! selection going on, We 800 tho \'01110 set on 
anima]" even by the barbarians of Tierra tiel F ut'gO, by 
their killing anti dm'ouring their oM womeu, in limes of 
tlearth, lUI of Icss \'aluo than their dogs, 

In plante the HIImo gradllal IllOOC8S of improvement, 
through tho occasional presen'ation of the best indi"i
dunl., whether or not sufficiently distinct to be ranked 
lit their first appcRI'tUIcc as distiuct ,'arietiell, Illld 
whether or not two or more species or rnccs have be
mme blended together by crossing, may plainly be 
recognised in the increased size and beauty wllieh we 
now sec in tho \,Illieties of the henrl3ense, rose., pelar_ 
ganiuUl, dalilia, tmd other plants, when compared with 
the oldl'r "arieties or with their pnrent-stoeks.. No one 
nuld e\'cr expect to get a first-rate heartacD8e or 
(\ahlia from the seed of a wild plant, No one would 
~xpeet to raise u first-rate melting pcar from the 8CCd 
of tho wild pear, though be might succeed from Q. poor 
.tJCedling growiug wild, if it had come, from 11 garden
~tock. '1'ho PCI'lr, tllOugb culti\'Dted in classical timcs, 
apl)('llrs, from Pliny's description, to havo hccn II fruit 
of yery inferior quality, 1 luwo seen great surprise 
elpressed in horticultural works Ilt tllo wonderful skill 
of gard,'ncril, ill lnn-ing produced such splendid rcsultll 
from SUi'll poor luoterials; but the art has been simple, 
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find, a9 far a9 the final result i9 concerned, hll9 been 
followed almost llllronsciously. It hfl.S consi.,;ted ill 
alwflY9 cllltiYating the best known vflriety. 80wing its 
seeds, and, when n slightly better yariety ha9 chanced 
to appeRI', selecting it, Rnd 80 onwards. But tho 
gardeners of the ciussiC!lI period, who cultil'Rted the 
best llCRf they could procure, nevcr tJlOught what 
splendid fruit we should cat; though wo owe our 
e:!.cellent fruit, ill some Bmnll degree, to their having 
llnturnlly chosen alld llfesen'oo tho best varieties they 
could anywhere find. 

A large flmount of ehange in OUr eultin\tod Illants, 
thus slowly and unconsciously R(."Cumulntoo, explains, ag 

I believe, the well·known fact, that in 1\ number of 
ellSCs 11'0 cannot recognise, and therefore do not know, 
the wil{1 pn.rcnt-stocks of the plants which llal'O been 
longest eultiyatcd in OUf flower and kitchen gnnlcns. 
If it hna taken centuries or thousands of years to im
proYO or modify most of OUf plnnt8 up to their prcsent 
stnndnrd of UsefUltH'SS to milD, wo can undcrstRnd llOW 

it is that u('ithcr Aust.l'8lia, tho Capo of Good Hope, nor 
ll.IIy other region inhabited by quite unciyiliscd mnn, 
has nfl'ordcd us a singlo plaut worth cuhllre. It is not 
that these countries, 80 rich in species, do not by a 
strnngo chance IlOBBC88 t.he aboriginal stocks of nny 
nscful plants, but thnt the natil'e plants have not been 
improvod by continued selection up to a standard of 
perfection colllJlllrnblc with that gil'en to the p lnnts in 
countries anciently civilised. 

In regard to the domestic nnimnls kept byuncivilised 
runn, it should not be overlooked that thoy almost 
always ha,'c to stnlggle for tllcir 01\11 food, at least 
(luring certnin seasons. And in two CQuntries I'Cry dif
ferently circumstaJ1ced, indiyiduals of tlle 8II.nle specie!!, 
haring slightly diffcrent constitutions or structure, 
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would often succeed better ill tho ono country than in 
tho otber; anfl tbus by a process: of "natuml selection," 
/UJ will hereafter be morc fully cxplained, two BUb. 

broods might be fonned. This, perhaps, pnrtly uplains 
what haa been remarked by some authol'll, uamcly, 
that tim \'arieti~ kept by IIIlvagC8 hll\'e moro of tho 
ehamcter of species than tho \'arieHes kept in civilised 
oountrics. 

On tho view here given of tIm all-important part 
whirh selection by man has played, it heromes at once 
obvious, how it is that our domestio races showadapta
tion in their stnletnre Of in their habits to man's wants 
or fancies. We can, I think, furtber understand the 
frequently abnormal eharacter of OUf domestic mces, 
and likewise their differeuces being 80 grl'll.t in external 
characters Rnd relath'ely 80 slight in internal l l8flil or 
organs. :alan ean hardly select, or only with mucil 
difficulty, any dcviation of structure execpting such as 
ill externally visiblo; and indeed ho rarely cares for 
wbat is internal. Ee can neyer act by sdection, 
excepting on \'ariatiOIlS \\hich are first given to him in 
.orne slight degree by nature. :r·\0 lIlnll would ever try 
to make a fantail till he saw a pigeon witil a tail 
de\'eloped in &ome slight degree in an unusual manDer, 
or a politer till he BRwa pigeon with a crop of 8Ome· 
what unu81ml sizo; and the moro abnom\al or unusual 
any cIlnmcter was when it first appeared, the more 
likely it would be to catch his attcntion. liut to use 
wch lin expression as trying to make a fnntai l, ie, I 
ha\'e no (Ioubt, ill most cases, utte rly incorrect. The 
man who fil'st selectecl a pigeon with a slightly larger 
tail,llc\'cr dreamod what tllO dOllCendallts of tllat Iligeon 
woulel OOromo through long-continuoo, Ipnrtly unCOIl
acioU! and partly methodical selection. Pcrhapa the 
parent-bird of all falltnils had only fourtef.'n tai l·feathers 
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lIOme'o\hllt. expnnded, like tile present Java fnntail, or 
like individnals of other and distinct breotU. in which 
as many M SCI'cnteen tail·feathers hal'o been counted, 
Pcrhaps tho first pouter.pigeon did not innate its crop 
milch more than the turbi~ now docs tho upper P:).rt of 
ita rosophagns,-a habit which is disregarded by all 
fanciers, M it is not one of tho pointa of the breed, 

Nor let it Le thonght that some great deviation of 
structnre wonld be IlCceS .. ,My to catch tho fnncier's eye : 
ho perceives extremely small differenC<!S, Ilnd it is ill 
human nature to value auy nOI'clty, lIowol'er sl ight, in 
one's own pOSBCssion. Nor mLlst tho value \I!lich would 
fOl'merly be sct OLl allY slight differences in tho indivi· 
duals of tho same species. be judged of by the I'alue 
which would 11011' be set on thom, after scI'erni breeds 
IUH'e once fairly been established. :Mnny slight difl"er
cnoos might, and indeed do now. arise nmongst pigeons, 
which are rejected IlS faults or del'iations from tIle 
standord of perfection of oach breed. 'fho common 
goose hIlS not given risc to ally marked varicties; hence 
tho Toulouse and tho common breed, which differ only 
in colour, that nl03t fleeting of charncters, 110.1'0 lately 
been e"hilJitod as distinct at our poultry-shows. 

1 think these I'iewfi oxplain what has BOmetimes 
bePn noticed-namely, th:1t wo know nothing about 
tho origin or history of auy of our dOlllcstie breeds. 
nut, in fnct, a breed, like a dialect of 0. language, 
OIln hanlly bo said to hM'O a uistinct origin, A 
man prcscn'ell and breeds from all individual witll 
lIOmo ~light dCI'iation of structure, or takes more en£(' 
than IIsual in JOatching his best animals, and thus 
itnprol'cs them, and tho improl'cd LUlimals slowly sproud 
i ll IlLe immediato neighbourhood. But as ret they will 
hardly 1Ul.\"0 il distinct name, and from being ouly 
slightly I·alued. their history will be disregarded. 

C The c.;.molete Work of Charlc$ Darwin oJnIIn 



CJu.p.l CIRCUllSTANCES FAVOUnADLE T() SELECTIOX. 43 

When furtller impro'\"ed by the snme slow and gradual 
procea,. they will spread more widely, nnd will get 
recognised as something distinct and mluable, and will 
thell probably first reoei\'e a pro'\"ineial nallle, III 
scmi-ci"ilised countries, witb l ittle froo communication, 
the spreading: of n lleW sub-broed would be 0. slow 
process. As 800n as the points of "alno ill a nOw 
~tmin are OIiCO acknowledged, tho principle, ns I 
ha'\"o callod it, of 111lconseious seloction will always 
tend,-perhaps 1Il0re nt ono period tlul.n at anothcr, ns 
tho breed ra or falls ill fashion,-perhajlBlDoro in olle 
district tban ill oDother, according to tho stato of ch'i li
B3tion of tho inhabitanis,-slowly to add to the ehame
tcri~lie features of the breed, whatC'\"er they lIlay be. 
But tho chanoo will be infinitely small of any record 
having . been IlteSene<i of such slow, varying, nnd 
insens ibloehanges. 

Oil"cun~lanCQJat'ourable fo Man', Power of &ledion. 

I mllst now sava few words 011 tho cireumstauccs, 
fal'oumhle, or tho' re.ersc, to man's power of selection . 
. \ high degree of mriability is ob'\"iously fal"ourable, as 
fredy gir ing the materials for sclcction to work on; 
not that mcre indi"idual differences are not amply suf
ficient, with extreme care, to allow of the ncculIlnlatio:1 
of a large amount of modification in almost any desired 
direction. But 8.lI I'ariations manifestly u:;cful or 
plrMing to Dian appear only occasionally, tho chance 
ofthrir appearanco will be much inerenscd by a Inrge 
number of individunls being kcpt; and lienee tllis 
corncs to bo of the highest importanoo to 8U(,{.~. On 
tllis principle UaltlhalJ formerly remarkcd, with re~pcct 
to tile sllCCll of parts of Yorkshire. tlmt, "as they bcne
ral ly belong to poor l><fople, lind 111"0 mostly in ,mall 
Iota, they nel'cr cau be improw!(I." Ou tile other hand, 
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nUl"IIerymell, from rnis:ing largo stocks: of t110 same 
Illants, are generally f!lr morc slIccessful tllan amateurs 
in getting new and vnluable varioties. Tilo keeping of 
a large numoor of indi"iduals of n @pecies in any 
country requires that the species shoulel be placed 
under tS,l'ourobie conditions of life, IJO lIS to breed freely 
in that country. When tho individuals of nny ~Ilecies 
nre sennty, all the inrlividuals, whatever their quality 
mny be, "ill generally be allowed to breed, and this 
\ViII eftechl!llly prevent selcetion. But probably tho 
most important point of nil is that the animal or Iliallt 
~hould be BO higlily IlBCful to man, or BO much valued 
by him, that the closest nttention is poid to evcn tho 
slightest deviation ill the qualities or stmctul'C of each 
individual. Unless such attention be paid nothing can 
bo effected. I ha\'O aeen it gra\'ely remarked, that it 
WM most fortullato that the strawberry begall to yary 
just when gardencrs began to attentl cI08Cly to this 
plant. No doubt the strawberry har! always varimi 
~illoo it was CUltiV!ltcd, but the !llight mrictics had 
been negiootl!<!. As 8OOn, however, liS gardeners picked 
out indh'idual plants with slightly hugcr, mriier, or 
betwr fruit, and raised &ee<llings from them, and Ile"ftin 
pickc<l out tho bei!t seedlings and bred fronl thent, thcn, 
there appeared (aidl!<! by BOme crossing Willi distinct 
species) those many admirable varictice of tIle straw. 
berry which havc been raised during the last tbirty or 
forty years. 

)n the case of animals \lith separato 8e:lCS, r'lcility in 
preventing Cl'088eB ie an imIX'rtant element of success 
in the formation or new races,-flt least, in II. country 
whieli is already stocked with other races. In this re. 
epcct enclosure of tho land playa a part. Wandering 
1Ul.\'agea or tho inhabitants of olK'n plains rarely possess 
more thlln one breed of tho romc species. Pigeons can 
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he mated {or life. and this is Ii great convenience to the 
(ancier, {or thus mauy races may be imllro\'i~d and 
kept truo, though mingled in the snme aviary; and this 
cil'('umstance must have largely (,wonred the formation 
of new breeds. Pigeons, I lIlay add, CIIn be propagated 
in great numbeM! and at a very quick rate, and inferior 
birds may be freely rejected, as when killed thoy scn'e 
for food, On the other hand, cats, from their nocturnal 
rambling hnloitB,ca.nnot be easily matched, aud,ahhough 
110 1Il11eh valued by women and children, we hardlye\'er 
800 a distinct breed kept up; Buch breeds all we do 
I!Ometimes ace aro alm03t alll"ays imported from 80me 
other country. Although I do not doubt that some 
dowC'!<tic animals yary less than otiWI'!!, yet the rarity 
or abiience of distinct hreeds of tho cat, the donkey, 
)1E'3OOCk, goose, &e., may he attrihnterl in main part to 
sclef'iion not hM'iug been broug~ into play: in cats, 
from tho diOieulty in lliliring them; in dOllkeyll, from 
only a few beiug kept by poor people, and little atten' 
tion llflid to thei r breeding; for recently in certaiu parts 
of Spain and of tho United States tilil animal has been 
~urprisillgly Illooified and impro\'ed by careful selection: 
in 1M'lll'OCb, from not being w.ry easily reared and a 
large stock lIot kept: in geese, from being valuable only 
for IwO pnrjXlilCfl, food and feathel"8, and moro especially 
from no pleasure l,a\'ing been {cit in tho display of di.8-
tinct brc('(ls; but Iho goose secllll to ha"o 0. singularly 
infl"xiblo organisation. 

Some Iluthors have maintained that tho amount of 
mriation ill our domestic prodnctiolls is 800n reached, 
and cnn nover nftonrnrds be el:ceedcd. It would be 
KllUcwllat msh to assert that tho lilllit llas been at
tainerl ill any ono C8.80; {or alillostall onr animals nnd 
pLt.nts hM'O been greatly improved in IIlany wayl within 
• rl'«nt pcrioo; and thil implies \'ariution. It 1I0uid 
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be equally rash to Ilsscrt that characters DOW increased 
to their utmost limit, could not, Ilfter remaining fixed 
for many centurics, ogniu ,·ury undcr new conditions of 
life. No doubt., os Mr. "·allaee l!n~ remarked with 
much trutll, It limit will be at Inst reached. For 
instanoo there must be a limit to the flcctness of any 
terrestrial animal, as this will be determined hy the 
friction to be o,·ctCOme. tho weigllt of body to be 
carried, and tho power of contraction in tho muscular 
fibres. liut what coucerns us is that tho domestill 
varieties of tho 81UDIl sp&ies differ from each other in 
almost e,·cry character, which man has attended to and 
selected, more thnn do the distinct species of tho SIlUle 
genera. bidore Geoffroy 8t. Hilaire hl\8 pro,·ed this in 
rcgnrd to size, aud 110 it is with colour nnd probably 
\lith the length of hair. With respect to fteclne!!S, 
which depends on many bodily characteristics, Eclipso 
was far fleeter, and a dray-horse is incomparably 
J;tronger than nny two equino species. So with phmLo, 
the seeds of tho different mrieties of t110 benll or mni7.O 
differ more in IDW, than do tllO BCOOS of tho distinct 
species in nny ono genus of tho same two famil ies. The 
mme remark holds good in reganl to tho fruit of tbo 
several varietice of the plum, and still more 80 with the 
melon, as well lUI in endless other analogous cases. 

To sum up OIl tllo origin of our domestic races of 
nnimals and plants. Changed conditions of lifo are of the 
highest importnnce in cnusing variabi lity, both directly 
by acting on tho organisation, and iadircctly by affecting 
tho reprooucti\"o syttem. It is not probable that ,·aria
bility is an inherent and necessary contingent, under 
all circumstance!!. Tho greater or less forco of iuheri
tonce and n:wersion determine whether mriatiolls sllllll 
endure. Variabiliiy is go\·erned by lIlauy ullknOlln 
Jaws, moro e.;pccially by that of correlation. Some-
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thing may bo attributed to the definite actiOll of the 
conditions of life, but Ii0W Illllch wo do not know. 
Something must be Rttributed to usc nnd disu~. '1'he 
final rcsult is thus rendcred infinitely coml,icx. In 
somo coses tho intercrossing of aboriginally distinct 
spceies, hrul probubly played nn important part in tho 
origin of Ollr domestic breeds. \Vhcn several breeds 
lllwe onco been formed in any country, tlleir occasional 
ink!r<:rossing, with the aid of selection, has, no doubt, 
largely ruded in fonning new sub-broods; but the 
importRnoo of crossing hag been much cuggernted, 
both in regard to animnls and to thoBO lliants which 
are propagated by seed. With plants which are tern
pornrily propagated by cuttings, bud!\ &c., the im
portance of croesLng i3 immense ; for the cultimtor mar 
here disregard the extreme variability both of hybrids 
Rnd of mongrels, Rnd the freqllcnt sterility of hybrids; 
but l'lnll18 not propagated by 8C(l(1 are of little im
portance to tiS, for tlleir cndnntnee is only temporary. 
Over all these CilUSCB of Change the nceumulntive 
llI'tion of Selection, whether IIpplied methodically and 
quickly, or ullconsciously and slowly, but more effici
ently, is by far the predominant Power. 
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CllAPTEU II. 

Variability - Indi..-i<lual differeuc<'ll - Doul.otful l peei ... - Wide! 
ranging, mIlCh (Iiffuacd, ~mloommOlla"oc itli \'MymOllt-SJ"'Ci", 
Qf the irugcr g~nera inCIICh ooun(ry ,·ary mOl"(l frequently tMn 
the~peeiClloflhe.mRl1("J" gt'uern-J\lml)"of the I I>eciCllof the 
largergellCf1lretemble \"Rcictiesinbci~\"er)"c1_1y,butUll· 
cquallr,relateltoeac:hoth(>r,andiIlMvin!lr.,.trictOOm~ 

UEFOUF. applying tho principles arrived at in the last 
chapter to organic beinga in 11. state of Ilature, we Ulu.st 

brieRy discuS!! whether these latter are subject to any 
\'ariation. To treat this subjeet Itt all properly, 8. long 
catalogue of dry facta ought to be gil'en; but these I 
shnll reserve for my future work. Nor shull I hero 
discnss the vnriou8 definitions which have been gi"en of 
the term species. No one definition haa aa yet satisfied 
all naturalists; yet. every natlll1l1ist knows "aguely what 
be meana when he sl)Caks of n sp<.>eiC:8.. Generally the 
tenn includca the unknown element of a distinct act of 
creation. ThewJli "I'Miety" is almost equallydifficnlt 
to define; but hero community of descent is almost 
universally implied, though it can rnrcly be proved. 
We hal'e also what nrocalled monstrositics; but they 
graduate into ,·arictics. By n monatl"Ol!ity I presume is 
meant some considerable deviatioll of structure, gene
rally injnrious to or not uaeful to the species. oome 
nuthON UlIC the term" \'ariation" in a technical SCliliC, 
u.s implying a modification directly duo to the physical 
couditionsof lifo; and "mriations" ill this sense arc 
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supposed not to be inherited: but who can say that the 
dwarfed condition of shells in tile brackish waters of 
the Baltic, or dwarfed lliauu on Alpine summits, or the 
thicker fur of all animal from far north\\'ard~, would 
not in !lOme cases be inherited for at least somo fow 
generatiolls? and in tbis case I presume that the form 
would be called a ,'ariety, 

It may be doubted whethor sudden and groat deyia
tions of structure such as we occasionally see ill onr 
domestic llroductioll8, moro especially with planla, are 
erer permanently propa.,«ated in a state of nnture, 
Almost overy part of oyery orgtlnic being is so beauti
fully related to its comple.!: conditiOI1ll of life that it 
8eetnS as improbo.blo that any Iltlrt should ha,·o boon 
suddenly llroduced perfect, R!I that II romplex machine 
should have been invented by man iu t\ perfect slate. 
Luder domestication monstrosities often occur v.hich 
lC!IelDble normal structures in widely dirrerent animals. 
rhus pigs hn,'e often been born with II aort of proboscis 
like tllllt of the tapir or elephant. Now, if any wil(1 
species of tho pig-genus had naturally poB&eSSed 8.})rQ

boscis, it might illl"o booll argued that this in like 
IDllnller Ilnd suddcnly allpenred Il8 a monstro.;ity j but I 
hare as yet failed to fiud, after diligellt Bearoh, casea 
or lDollstroaities resembling normal structures in nearly 
allied forms, and these alone would bear on tho ques
tion, If monstrous rorms of this kind ever do appear 
ill a state of nature and aro capablo of Ilfopngnlioll 
(which is not always tho case), as they occur rarely and 
singly, thcir presen'atioll would uepcncl 011 unusually 
fu,'ournbh.J cirCUlllstances. 'fhoy wouM, nlso, during 
the first nnd succe<!ding generations CI'OIl<I with tho 
ordinllry form, and th\l!j thoy would almOiit inm'itnbly 
lose thcir abnormn.l character, Bnt I Ihall hu\'O to 
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return in n futuro chapter to tho preS('rI'atioll aud per
pctllutionofocCll8ionatmriations, 

Indtt'idtud Difft~ 
'fhe many alight differences wllich frequently appear 

in tllC offspring from the lIamo pareuts, or whicli may be 
Ilrcsumed to IUl\"o tllU~ ariscn, from bcillg fr<!<Juently 
OWervoo in the individuals of tho same species inhabit
ing the !!arne confined locality, may he called individll31 
differeDCC8. 1'0 one SUppOIle8 that nU tho indil'iduals of 
tho somo species are cast in the same actual mould. 
'l'hcse individual differcnccs arc of the highest im
portance for U~. for they aro often inheritcd,as must be 
familiar to el'ery one; nml they thus afford materials 
for nuturnlsclL'Ction to net 011 nnd accumulate, in the 
!!arne mallner as man accuulUlntcs in nny gil'en direc
tion indil'j,lual differences in hill domesticated pro
ductioD9. TliCSO individual differenccs gcnernlly afiect 
what naturalists consider unimportant pllrts; hut I 
could show by Il long- eataloguo of facts, that parts 
which must be Cillled important, whether viowed under 
Il physiological or clll85ificatory ])Oint of I-iew, some
times vary in tho indil'idualil of tho same species. I 
nm com'iue«l tllat the mostel:pericnccd naturnlist 
would 00 lIurllriscd at tho ll1!1nbcr of tho cases of varia
bility, el-en in important Iltlrls of structure, which he 
conld collect 011 good authority, as I hal'o collected, 
during a conrse of years. It. should be remcmbered 
tiiat systemo.tiats are far from being lllcnscd at finding 
variability in important characters, and that there are 
not many men who will laboriou31y el:amino internal 
lind iml)Ortant organs, and compare them in mallY 
specimens of the same species. It would nCI'er ha,'e 
been e:lpected that tIle branching of the main neo'cs 
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dose to 1110 great centrol ganglion of an insect "'ould 
ha,'e been variable in the samo e-pecica j it might have 
L2"Cll thougilt that ehnnges of this nature could Iln,'e 
been effected only by slow degrees j yet recently Sir J, 
Lubbock has shown n degree of mciability in these 
'!laiu nerl'es in Coccus. which may nlmO>lt be compared 
to tho irregular branching of the "tem of a tree. This 
philosophieul naturalist, I mny add, has also recently 
~hollu thnt tho muscles iu tho larnll of certain insects 
nro far from uniform. Authors sometimes argue in n 
~'ircle when thoy state that important orgtUIS nel'er 
,·lI.ry; for thcso same authors practically rank those 
pal1il fI.8 important (as some few naturalists have 
honestly conressCd) which do not mry j and, uuder this 
point of view, 110 instance will en'v be found of an 
important part yarying: but under any other point of 
liew mauy instnueCII assuredly enn be gin'!n, 

'l'herc is one point connected with individual differ
ences, which is extremely perplC'xing: I refer to those 
~nern which iUl\-o been called" Ilroteau" or "poly_ 
morphic," in II'llieh Ihe species preseut lUI inordina1c 
amount of I'ariation j and about which hardly two 
mlluralist8 agree whether to rank them lUI spe<:iCII or as 
'·arieti<!ll. We may installcc Hubns, IWM, nnd lliera
dum amongst planLs, &c.el'lll genc.ra of inseets, severnl 
gcu('rn or llracbiopod shells, and tho Huff (lraehetcs 
lmgllll.x) amongst birds. In most polymorJlhie genera 
l-<)me of the species have fixed and definite ehnracters. 
Genern which nco polymorphic in 0110 conntry seem to 
be, with some few exceptions, polymorphic in other 
CQuntriCll, and likewise, jndging from Brachiopod shells, 
nt former periods of time, 'l'heso fuels are "cry per_ 
plexing, for they seem to show that this kind of varia
bility iii independent of the conditions of life. I am 
inclined 10 suspect that we luwe at loost ill some of 
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these polymorphic genera "Ilfintions which nrc of nr> 
service or disservice to tho specics, and which conse
quently ha\'o not been seized ou and rendcred definito 
by natuml selection, M hereafter to be explnined, 

l ndjyiduals or the sarno species often preecnt great 
differences of structure, M in tho two sexes of ,'arious 
nnimals, in the two or three CnstCB of sterile femnles or 
workel'll nmOllgHt insects, and in the irumnturo nud 
larval slates of many of tho lower animals. There are, 
howe'l'"{'r, other cnSCll, namely of dimo'1)hi!l1l ami tri
morphism, which might easily be, and havo frequently 
been, confounded with variability, but which are quite 
distinct, I refcr to the two or three different forms, 
which certnrn aninmls of eithcr 1lC::t, and ccrtnin herma
phrodite plnnta, habitually present. Thus, UT. Wnllace, 
who has lately culled special attention to tho subject, 
has shown that t]IO females or certain spcciC8 of but· 
terflies, ill tho Malayan archipelago, regularly appear 
Imdcr two or e\'ell threo conspicuously distinct forms, 
not connected together by intermediate \'arieties. Tho 
winged and frequently wingle88 states or 80 many 
H emipterons insects may probably be iucluded as a 
case or dimorphism, and not cf mere \'ari:lbi l ity. Fritz 
][Uller, 111110, hIlS recently de8Cribcd analogous but more 
extraordinary eollCs with tho malcs of ccrtain llmzilian 
Crustaceans: thus, the rualo of a Tanais regularly oceUl'll 
under two widely different forms, not connected by 
any intennediato links j one of these forms IIIU1 mIlch 
stronger and differently shaped pincers for seizing the 
female, and the other, as if for eompensntion, has 
antennre milch more abundnntlyfurnished with smelliug
hail'll, 80 as to haro a better ellllnce of finding tho 
female. Again, the males of another Crustacean, an 
Orehestia, occur uuder two distinct forms, with pinccl'll 
differing much more from each other in structure, than 
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do tho pinoors of most species of the Mme genus. 
With Nl!!pCCt to plants I ha\'"e recently shown dlat in 
Iln'eml widely distinct orders the species preseut two or 
el"en thrco forms, which are abrnptlydistinguished from 
each other in 8Cveral importn.nt points, Il.!l in the size 
tlnd colour of the polleu-graius; and these fOruIS, 
though nil herzuaphrodites, differ frolll each ollwr ill 
their reproducti"e power, so thnt for fnll fertility, or 
indeed in some eases for any fertility, they must 
reciprocally impregnate each other. .4.lthough the 
forms of the few dimorphic nnd trimorphio animals 
and plants which M.\'"e been studied nre not now oon
nected together by intermediate links, it is probable 
that this will be found to occur in other cases; {or JUr. 
Wallace obsened a certain butterlly which presented 
in tho sall\e island a great range of "Arietica connected 
by intermediate links, and the extreme links of tIm 
chain closely resembled the two {onns of an allied 
dimorphic spccica inhabiting another part of the ],Jalay 
archipelago. Thus also with Dnls, the sc\'erai worker
caste8are generollyqnite distinct; out iu aomOCDSe!i,88 
we shall hereafter sce, tile castes are oouuc<Ctcd together 
by graduated \'lIriotia It certainly lit first sppeSl'8 a 
highly relll[Jrkable fact that the same {emale butterily 
should 1111\'0 the power of producing at the same lime 
thf(.'(l distinct female forms and a male; that a male 
CrustacCRu should generate two male forms and a 
female form, aU widely different from each other; and 
that nn hermaphrodite plant should produce from the 
same secd-cnpsule three distinct herll\aphrodito forms, 
benrillg thrce differeut kinds of females and three or 
even six different kinds of mnles. NevcrthelC88 tllCsc 
Cfl9C:8 are only eXDggCrations of the univcrsal fllct that 
every female product'S males and fewAles. which in 
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SOlDO inllmnrC8 differ in n "'onderful manner (rom 
each othcr. 

DouhIful Specie .. 
'rho (orms which possess in SOlDO con~idernLle degree 

the charnctH o( species, but wllich aro ro ('10~c1y5imilar 
to other forms, or are so closely linked to them by 
intermediate gradations, that 1I11tllraiists do not l ike to 
rank them till distinct specie~, arc in 8C\'ernl re!!pects 
tho mO!Ct imp:>rtllnt (or II~. \\'e have cl-ery reason to 
belie'-o thut many of t]lCS!l doubtful and cloeely.allied 
(orms have pennanently retained their ('haracters in 
their OWII country (or a long timo; (or 'Ill long, lUI (ar 
na wo know, 1\3 hMe good nnd tmo llpecies.. Pructi
cally, Wil('11 0. natumlist can unite two forms together 
by others hnving intermediate characters, ho t",uta the 
OM 1\3 0. Ynnf'ty of the otlier, ronking tho most common, 
bllt sometimes the ono first de9Cribed, as the species. 
and tho other III the Ynriety. Rut Crux'll of groat diffi· 
culty, which I will not iJ(!r(! Cllumerate, sometimes 
OCCIIT in d('('idiuf; whether or lIot to rank ono (orm n.~ 
0. '-Ilnf'tyof anothf'r, en'll when tlleyare cloeely con
lIet'te<i I.>y intermediato links; nor will tho commonly
l\B.5umed hybrid nature of tJlO illtennoointe link:! always 
remoYo tho difficulty. In very many CIl8N<, hOIll-owr, 
onl' (onn is mnked as 0. varil'ty of anothl'r. not because 
the intermediate links ila"e llCtually been founll, but 
bccnUlIO analogy lcads tho obserw:t to SUllpo!lO either 
that tiley do now somewhcre elist, or may formerly 
hll\'e existed; and hero R wide door (or the eutryof 
doubt lind oonjccturo is opened. 

ItelllX!, in determining whether a (ornl should be 
mnked lUI a. species or a \'lInety, tho ollinioll of nalural· 
ibtll ba\'ing BOund judgment and wide e:lpcricuco scem:l 
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the ollly guido 10 follow, "re musl, ho\\'cw~r, in mauy 
C8>!('!I, d{'Cido by ~ m~jority of nntumlists, for fcw well
mnrke<l nlill well-known Yarielies CIlII bo named whieh 
han- not beel, milked as species by nt lelUlt some (''Onl
IJCtl'ntjudgcs, 

Thnt "nriC!tics of this doubtful nalllre IIrc fur from 
uncommon cannot ho tlisputed, Comparo Iho 8Cvernl 
floms of Great Dritain, of l'rance, or of tho U nited 
Hl.tlte~, Jm\\J1up by different bot.al\ist~, and 8CO what a 
';tnprisillg number of forms haye breu rlmked by one 
botanist as good sllCCies, and by another tIS lUCro yari
etiC". JUr. II. C, Walson, to whom 1 lie under docp 
obligation for fl.'JSistance of all kind~. haa marked for 
mo ll':.! British Illanl .. , whiel. Il.I'6 gt'nerully considered 
lIS \'nrictiCfO, but whieh hare all be('l, mnked by 
botnni.-ru 118 ~1)Q('ies; and in mnking this list ho has 
omittrd IlInn)' tl'ifling mrieties, bllt whieh IIc,-erthcless 
hM'C been ranked by somo botanists as sj)(>CiC", und bo 
haa entirclyomilted severol highly pol)lUlorphie genera. 
Under g(' II(1m, including tho most polymorphic forms, 
ll r. Bahington gh'cs 251 species, whereas lIlr. Bentham 
gi,'C!J only 112,-a d ilTel'{'nce of 139 doubtful forms ! 
.\moll~~~ nnimols which unite for elll·1t birth, and 
,,-hich nrc highly locomotive, dOlllotful forms, milked. by 
olle zoologist as a species and by another as u '-flriely, 
ran mf('\Y be found within the samo counlry, but are 
oomlllon in IICpomted nrew!. How mOlly of tbose birds 
and in!ICCU in North Amerim and Eurol)C, which differ 
,-ery IIlightly from each other, have been ranked by 
olle e lll inent IJlltumlist as undoubted speciell, fllJd by 
onoth('r I\S varieties, or, IlS they ore orten coll~'{I, liS goo
grophicol rI\CCS! Mr_ " 'allnce, in8Cl'Crnl "aluable 
l'apc~ on the various animals, especially on tho Lepi_ 
doptern, inhabiting tho islands of tho grent Mnlnyan. 
archipelago, shows thllt they may be cilll!8Cd under four 
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he:\ds, namely, as vnriable forms, lUI local forms, 8lI 
geographical races or sub-spedes, and as true repre!lUll
tath'o species. The fint or variablo forms Yary much 
within tho limiU of tho same island. The local torms 
nre moderately constant and distinct in each separate 
island; but when all the fornls from the se"cral islands 
nro com pared. tllO differences IIro soon to be 80 slight 
and graduated, that it is impossible to define or (lescribo 
them, though at the f!amo timo the extremo forms aro 
sufficiently distinct. 'fho geographical races or sub
spedes are 10001 forms completely fIXe<! and isolated; 
but as they do not difFer from ench other by strongly 
marked and important characters, It there is no pos
siblo test but indi,"idual opinion to determine which 
of them shall be considered as species and which 88 

'farietios." Lastly. representative species fill tile same 
l'lnoo in the natural economy of each i~lalld as do the 
local forms and sub-speciet!; but lUI they arc distin
guished from carll other by 0. grenter amount of 
difForonce tlmn that OOtwoon tJlO loc(L1 forms and sub
species, they are almost universally ranked by nnlumlisU! 
Il..'I tnle species. Ke"ertheless, no CE'rtaiu criterion ean 
l)Quibly be gil'en by which Yll.riable forms, local forms, 
lub-I!'pecies, and representath"e species can be recog
nisod. 

JUany yean ago, when comparing. and I!'eeing otllers 
compan>, the birdl!' from the closely neighbouring islands 
of the Oalapagoe archipelago, botll one with another, 
and with thoBe from the American mainland. I was 
much struck hoI\' entirely ,'ague amI arbitrary is the 
distinction between species and mrictics. On the islcts 
of tho little Madeira group thero arc n\(LIlY insects 
which arc charncterized 118 varieties in l\[r. Wollaston's 
admirable work, but which would certainly be ranked 
M distinct species by manyentomoiogil!'ta. E'"en Ire-

•• n~ 'OfTlDlete lori< of Ch rl DAfI.n Onhne 



DOUBTFUL SPECIES. 57 

land IU\5 fI. few animals, now generally regarded as 
varieties, bllt which have been ranked as slM.'Ciee by 
somo zoologists. Several experi€'llced ornithologistB 
consider our Brifuh red grouso as only n strongly
marked race of a Norwegian speciCB, wherelUl the 
greater number mnk it as an undoubtod species }M.'CIiJiar 
to Great Britain. A wide distance between the homes 
of two doubtful forms leads many no.tumlial8 to mnk 
them as distinct Spc<liCB; but what di,tance, it has been 
well lUIkod, will suffiee; if that between America and 
Europe is amille. will tbat bet,rccn Europe and tllO 

Azores, or Aradeira, or tile Canariell. or between the 
&everal islets of these small archipelagos, be suffieient? 

Mr. n. D. Wahh, a distinguished entolllOlogist of tho 
United StAtt!8, has lately d~ibed what he ealls Phyto
phagic vnrietiee and Phytophagic IlpeciCB. :U06t "ego
table-feeding iusocts live on one kind of plant or on ono 
group of plants; some feed indiscriminately 011 Ulany 
kinds, but do not in consequence vary. In several 
CIU!C8, howew.lr. illsects found living on different plauta 
havo been observed by ~lr. Walsh to prescnt, either 
exclusil'cly in their la f\"al or mature slate, or ill both 
Itatcs, slight, though constant differences in colour, 
size, or in the nature of their secretions. In some in
flllUIC(.'8 tho lIIaleil alone. in other instancCfl both males 
and femalce, h",'c been obsened to be thns affected in 
a alight degree. When the diftercnOOfl nre rallwr more 
strongly marked, and when both seXcfI and nil ages are 
affected, the fonns would be ranked by nU entomolo
gists as 81X!Cics. But no ob8crver can determiuo for 
othcn, oven if hc 0.\11 do so for himself, which of these 
Phytophagic fonn s ought to be called 81M.'Cie~ and which 
'"arietiee. Mr. 'Y"lah ranks the forms which it may be 
supposed would freel)" inierel'083 together, 8!1 "arieties; 
and !hOi£! which appear to havo lost this po,,"cr, as 
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speciC!. As tho differences depend on the iru-ccts 11fi\'ing 
long foo on dbtiuct plants, it cannot be eXl)CCted that 
intermediate links connecting the IICvero! forms should 
nOIf be found. 'l'he naturnlist thuslOliC!l his best guide 
ill determining "hether to rallk BlICll doubtful fOITlls as 
l'arietie8 or species. This likol\'iso llCCC88arily occurs 
with closely allied orgrmisms, which inhabit distinct 
continents or islands. 'Vhen, on tho other hanr), all 
animal or plallt ranges oyer tho same continent, or 
inhabits many islands in tho stuno arollipdago, and 
prC8cnts different forms in the different areas, there 
iJlsl\\"s)'B a good challoo that intermooiate forms may be 
disexn-cred which shall link together theextrelllo stntes; 
and thC'80 aro then degraded to the rank of "nricties. 

Somo tew nntumlists maintain thnt aniIlU\ls nm'er 
prelK'nt ,'arieties; bllt then these same naturalists rank 
the slightest differences liS of specific \'nlm~; and whoa 
tho samo identical form is met with ill two distant 
countries, or in two geological formations. tlley belie,'c 
that two di~tiuct species uro Ilidden under the same 
df('ss. 'l'ho terlD species thus COIDCS to bo 0. Illere 
lilK'lclI3 mcntal ubstmetion, implying and fLSSumiug 0. 

8!'pnrnlo net of creation. It is OI!rtain that Ill(wy forms, 
considered by highly-eompetent judgcs as ,'orielies, so 
completely resemble species in chllrtleter. that tbey hM'O 
been thns mnked by other highly-eompetcnt judges. 
But 10 discuss whether they ought 10 be cailed species 
or ,'orieties, before any definition of IhC8() tcrms b(ls 
been generally accepted. is "ninly to beat tho air, 

Many of the CtlSCS of strongly.markcd yarieties or 
doubtful specics well deserre consideration; for several 
inlere:sting lines of nrgtJment. from goograllhicul di~ 
tribuliol!. illlsiogical ,'uriution, hybridism, &c,. hu,'c 
boen brought to bear on tho uttempt to detennino their 
mnk; but 8p&CO does not here pennit ruo 10 discu,", 
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them. CI080 iUfcstigation, in many ('tUiC!I, will bring 
natllmlim to an agreement how to mnk doubtful 
rorms. Yet it must be oonresse<1 thnt it is in the ~t 
bown OOIIntrics thllt lire find the grcl\tCflt number of 
formll of doubtful mIne. I II/u'o been struck witli tlH~ 
filet, that if any nnimal or IJlant in a slate of unturo be 
highly llS<!fnl to mall, or from nny ('lIUSC dosely attruct 
his Attention, vArieties of it will almOtit llniv('rsally be 
found recorded. These "o,rictiell, mOr<!On>r, will often 
be rnnkf'd by 80mc authors as Fpccirs. JAOk nt the 
common oak, how closely it has been studic-d j yet a 
Germfln flllthor makes more than II do:ten species out 
of form~, 1\hieh are almost IIniv{,ml.lly OODsidcrf'd as 
'llnctieli' j and in this ooulltry the highest botanical 
authorities allll procticIII men ClIn be (JllOtCfI to thow 
that tht' 8e""ilc lind pcduncllillted oaks Ilre dtiwr good 
Ilnd distillctllpcciesor mere nlfietil'!l. 

1 mny hero nllude to n remnrkablo memoir Intely 
p\lbli~hed oy A. do Clludol\e, on tho oaks of tllO 1\11010 
IIwld, Xo ono o,'er had moro Ilmplo materials for the 
diserimination of the species, or conld ha\'e worked 011 

them wilh more zeal and 88;;IICity, He first gi,'ea in 
detnil all tho many points of structure which YOr)' 
in lhe llpeciee, aud ct!limates numerically tho relathe 
frequency of the variations. IIe apocifiCil abo,'e a dOl(~ll 
chal'ftl'lcrs which may be fOlilld "arying el'en on the 
88.me bl'!lnch, ~nlClimct! aeconling to age or dc\"c1op
menl, II()mctimes without any assignable reason. Such 
chametf'fS of C011rse ure not or spe<'ific ,'alue, but they 
are, fl9 .\'11 Gray has remarked in commcllting on this 
memoir, 8urh as genemlly enter into specific definitions, 
Dc Cunrlolle then goes on to say tbat ho gin's the mnk 
of IIp<X:icB to the forms that diner oy c1l11rflcters non,r 
varying on the snme tl'C<', and nOl'cr found connocted b~' 
intenncdiato Itatcs, ,After tbis disc~ion, the result of 
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80 much labour, ho emphatically remarks: "They are 
mistaken, who repeat that the greater part of our species 
arc clearly limited, and that the doubtful SIK'Cies are in 
n f(ll>bio minority. This 6CeJUOO to be true, 80 long as 
a genus \\'48 imperfectly known, and iUi species were 
founde<l "l)On a few specimell.8, that is to say, were pro
,·isional. J "st as we como to know them better, 
intcrmoo i'lto forms flow in, amI doubts as to specific 
limits augment." no aoo adds that it is the best 
known species which present tho greatest uumber of 
sl)Ontaneous nuicjjes and sub-,·srieties. Thlls Quercus 
robur has t"'ellty-eight vaneties. all of which, e,;cepting 
six, are clustered round tbroo 8ub-species, namely, Q. 
pedUIiCUIata, scssiliHora, and pubescell8. '1'ho fonns 
which connect these three slllHlpecies arecomparnti\"ely 
rore i and, 88 Asa Gray remarks, if th8I'U connecting 
form~, which are now rare, were to Jx.,oomo wJlOlly 
extinct, tho three SIIb-Species would hoM cxactly the 
samc rela tion to cneh other, as do tho four or five pro
\'i~iollally ,wmitted species which clO6Cly surround tho 
typical Quercus robllr. F inally, Do Candollo admits 
thut out of the 300 species, which will be ('numerated in 
his ProdfOUlus as belonging to tho ook family, at least 
two-thirds are IlfO\'isional species, thnt is, are not known 
strictly to fulfil tha definition aoo,'O gh'en of a true 
species. For it should be added that De Candolla DO 

longer believes that species are immutable crealiolli:, 
but conclude8 that the derh·a.ti'·e theory of tho succes
siou of forms is the most natural one, "and tho W06t 
acrordant with tho kuown facts ill palroontology, goo
grophieal botany aud zoology, of allatomieol structure 
and cJ888ifientiolli" but, he adds, diroot llroof ill still 
wauting. 

When a young naturalist commenoee tho study of a 
group of organisms quite unknown to him, he is at nrst 
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mnch perplexed to determine what differences to con
"ider ~ IIpecific, and what as ,'arielal; ror he kllOllll 

nOlhing of the amount and kind or niriatioD 10 which 
the gronp iSl!Ubjcct; and this shows, at lca-,t, 11011' \'cry 
genemlly th{>r<l is HOme ,'ariulion, But ir he confino 
Ilia attention to ono elMS within one conn try, he "ill 
flOOD make up hig mind how to rank most of tho doubt
ful forms. ilia general tendency will bo to mako many 
speeies, for 110 will become iml)l'C89(l(l, just like the 
pigcon or poultry rancier beforo alluded to, with the 
amount of difference in the rorms which he is con
tinually IItudying; and he ha.s littlo general knowledge 
of aDaI0'...:i<.'81 ,'ariation in other groups and in other 
countries, by which to correct his first impressions. As 
he extends Ule range of his Obscn-lIlions, he will moct 
with moro cases or difficulty; for he will encounter a 
greater number of c1osely-nllied forms, Bnt if his 
0\)8Cr,'ntion8 be widely extended, ho will in tho end 
gcnemlly be enabled to mnke Ill) his own mintl which 
10 cnH vnrieties and which species j bllt he will succeed 
ill tlli! at the expense of admitting mnch variation,
and tho truth or this admission will often be disputed 
bv other naturalists. 'Vhen, moreovcr, he comes to 
study allied forms brought from colllliries not now con
tinuol1!<, ill whieh ease he cannot hope to fiud tho inter
mediate links between Ills doubtful forms, he will 1111\'0 
10 tru~t almost entirely to analogy, {Uld his difficulties 
ri'otoaeiimax, 

Certainly 110 clear lino of demarcation hIlS as yet 
been dmwn between spccics and sub-species-tlmt is, 
the forms which in tbe opinion of sollie Ilaturalist.<! 
come ,'ery near to, but do not quito arrivo at, tho rnllk of 
~pecics; or, agnin, between sub-sllCCies and well-marked 
Yarietice, or betwocn lesser mrieties and indi,'idnal dif
ferences, These differences blend into each other iii an 
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in'«'n5ibl~ series; and a series illlpre8iK'1 tho mind with 
tho idea of lUI actual I~""('. 

lIence I look at individual dilTerences, though of 
small interf.'Oit to the systematist, as of the highest im
POrttlllOO for us, tl.3 being the first st(:l~ towards such 
slight mrielicli as lire barely thought worth recording in 
work~ on lIatural hi~tory. And I look lit varietics whicll 
IIrc in nlly dcgree more distinct and permancnt, us steps 
tOIl"a1(18 more strongly-marked and pl'rmlillcut varieties j 
lind at Ihe hitter, as lcadiu;; 10 611O-.spedcs or species. 
The l:tll&Ilgcs frorn one stage of dilTen:>nce 10 another 
may, ill some CMeS, be the simple result of lhc 101lg
(!ontilluoo nction of different physical conditions; but in 
lDost eascl they way be attributed to the gradual aceu-
1l1lllati,'C action of Ilutllral lICieetion, ns ilcn:>lIftcr to be 
lnoro fnlly explained, 011 fluctuating variability. lIenco 
a well-marked '·lIrioty may be cfliled an incipient spe
cies; but whether Illis belief is justifiable IllU4 be jlldgcd 
of by the g<meral weight of the facts find considerations 
given throughout this 1I0rk. 

It need not be supposed tlmt all "nrieties or incipient 
species llCCC8Sarily attaill tIle rank or species. 1'hey 
mlly bec<Jme extinct, or they Illay enduro Il.ij yaricties 
for \'ery long periods, as has been shown to he tho case 
br Mr. Wollaston with the varieties of C<!rtain fossil 
lancl-shells in 11Iru:leira, and "iili plants by Gaston de 
Saporta. If 0. mricty were to flourish 110 as to exceed 
in liumOOrs the parent species, it would then rank us 
tho species, and tho species lIS tllo ,ariety j or it might 
come to supplant and extermintlto tllO parent species; 
or both might ~xist, and both hlllk tiS independent 
species. ]lut I\'e shall hereafter return to this subject. 

From these remarks it will be sccn thnt I look at the 
tf'rm species as one arbitrarily gi"en, for the sake of 
cOI\ \'enienee, to a sct of individuals elosely resembling 
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"Rch othcr, and thnt it does 1I0t essentially diffcr from 
tho term variety, which is gi,·cn to less distinct and 
1II0re fluctnating form~. 'l'he term \"ariety, again, ill 
tompurisen with mero indi,·idual differonces, is nlse 
Rpplied nrbitrarily, and for mere con,·cllienoo· sake. 

lVide-t-angi1l9', much-dij"uW, ana common S]JI!Cia tJar!l 
fRost. 

Guided by thool"(lticni colI~idcralions. I thought that 
!lO~o interesting rcsulu might be obtained in regnnl 
to the llature and relntiolls of the speciee which nlr)" 
most,. by tabulating all tho wlricties ill severnl wdl
worked florll.!!. At first this &e<'llled a simple task; but 
'£r. H. C. Watson, to whom 1 am Illueh indebted for 
wLluablo ad,·ice and assistance 011 this subject, soon 
com·ineed mo that there were Illany difficultics, us did 
>ubseqmmUy Dr. Hooker, e,·cn in stronger terms. I 
5>hall rescn·e for my future work the di8cussion of theae 
(lifficulti<!8, nnd the tables thcmsch·es of tho proportional 
numbers of the ,·arying spcci('8. Dr. Hooker permits 
lIIe to add. !hnt after haYing cnrefully rend my mnnu
lM"ipt, and examined tho tnoles, he thinks that the 
following atatemcnts flrO fllirl y well estnblishcd. '1'ho 
whole subject, hom:wcr, treated as it nCC()8SQrily here is 
with much bredty, is ruther perplcxing, alld allU3iolUl 
"",nnot be avoided to the "'struggle for existence," 
"di'l"crgcnce of chllructcr," lind other questions, here
Arter to bodiscusscd. 

Alphonse de Candolle and others have 8hown that 
Illanu which ila\·c ,·cry widc rauges generally present 
nuietiC8; Qnd this migllt lun·o been expected, lIS thoy 
becomc C!X.posed to <lh-crso llhysiCRI conditions, Clud ILS 
tlJl'Y come into competition (which, lUI wo shall hero
after see, i3 all equ31ly or more importAnt circumstance) 
with different sets of orgauic beings. But my tables 
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further show that, ill any limited country, tho specics 
which are most common, that is abound most in indi
'"idnals, and tho species which are most widely diffused 
within their own oountry (and this is a different con
sideration from wido ronge, anct to o.certaill extcnt from 
commonness),oft('ncst gi,"o risc to ,"aricties sufficiently 
well-marked to ha,"o ~n recorded in botrmicnl works. 
Henco it is tbo 1\l000t flourishing, or, IL9 tbey may be 
called, tho dominant specics,-tll<lIJC whicb mngo widely, 
(lr0 tllO most dift"used in their own country, and are tho 
most numerom in individurus,-which oftenest llroduoo 
well-marked mri{'ties, or, lIS I consider them, incipient 
~peciC8. And this, perhaps, might ha,"o been antid
pated; for, as ,·arieties, in order to become in I\ny 
dcgroo permnnent, necessarily ll(l.vo to struggle with 
the other inhabitants of the country, the species which 
are already dominant will be the most likely to yield 
olT~pring. which, though in some slight degree modified, 
still inherit those advsntllgcs that enabled their parents 
to become dominant over their compatriots. In thew 
remarks on predominance, it 8honld be unclerstood that 
reference is made only to thOllO forms which como into 
competition witb ench otlier, and more cspcdn11y to tho 
members of the Mme geulls or elass having nearly 
similar llfluits of life" With respect to OOUlmonll<'88 
or the nwnber of indiyidu.als of any species. tho oom
llarison of oourso rdntes only to the members of tli(' 
SlIme group. A plant may be said to be dominant if it 
be more numerous iu indi"idllals aud moro widely dif~ 
fused than the other plants of the same country, not 
lil·ing under widely difl"crent oonditions or Ufe. Such a 
plant ill not the 1('S8 dominaut in the sense llere used, 
bceauso somo oouferva inhabiting tho water or some 
pnrll8itic fungus is infinitely more numerous in indi~ 

vidual" and moro widely diffused i if one kind of con-
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ten"a or pnrnsitie fUDgtllI e.1000ded ita nlli('8 in the noo"e 
r(';;]K!"CU, it ,muld be a dominant form within its Olnl 
,I .... 

Sp«:ia o/Ilu La"'ger Genna in eMh Coulilry 1:ar!l more 
fretjlUnl1!l lhan 1M Specie. of a~ Smalle"r Genera. 

If tho ])lants inllabitillg a country lind do~cribcd in 
any }~lom be di"ided inw two equallllt'l.SSe~, all th080 in 
tho larger genom (i. e., th08e including many spccies) 
being placcd 011 0110 side, and all thOfiO in tho smaller 
genera 011 tho other side, II somewhat larger number of 
the vcry common an'] much difTUliod or dominant llpe
cies wiJI be found OD the side of tho larger !,'Cllern. 
This, agnill, might ha\"e been anticipated; for tho mere 
fact. of many specit'll of the sarno genus inhabiting My 
oountry, show8 that there is something in tho organic or 
inorganic conditions of tl.Jat t'Ollntry favourtlble to the 
genus; and, consequently, wo might IIl1vo cxpocto<l w 
hlll"O found ill t ho larger genera, or thOl!6 including 
Illllily spcciOl:1, l~ large proportional nUlllber of dominnut 
~peciC8. But 80 many CilUSC!I tend to obacuro this 
resnlt, that I am surprised thnt my tables show e,'cll II 

~mall mnjority on the side of tllO larger genera.. I will 
here allude to only two Ciluse8 of obi:lcurity. Fresh
water an,l salt,...lo,"ing plants ha"e generally "cry wide 
ronges and are much diO'u..ed, hnt this IM!eUlS to be eon. 
lleetto(l with the natu1"6 of the stations inhnbited by 
them, and has littlo or no relntion to the size of the 
.,'cnem to which the spcciC8 belong. Agaill, lllunts low 
ill the scllle of organiSfltion arc genemlly mueh more 
widely difl"u.8cd tll(UI lliants higher in the scllle; nnd 
hew ngnin there is no close relMion to tho size of the 
genem. 'l'ho Ca\1SU of lowly~r< .. "fIIl~1 lllnnts ranging 
widely will be di.&cusscd in our ehnpter 011 GeogrnphiCtlI 
])i.!trillUtioll. 
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FfOm looking at species IllI only strongly-marked find 
well-defined varieties, I "'1\8 led to anticipate that the 
species of the Inrger genera in each country would oftener 
present nnicties, than the species of the tmaller genera: 
for whcr(n'er !Dany closely related species (i.,. species of 
tllO anOlo genus) hayo been fonned, mllny yaricties or 
incipicnt species ought, as a general rille, to be now 
forllling. Where !Dany largo troos groll', we expeet to 
find 8IlplingtJ. Wllere lIlany species of a genus haye 
been formed tlu'Ough variation, circumstances hanl been 
{al'ourable for variation; and hence we might exped 
thnt the circumstances would generally be still fal'our
IIble to l-nrialioll. On the other hand, if we look at each 
speciCll 811 a speciw act of creation, there is no apparent 
rell8011 why Illore varieties shonld occur in a group 
haloing Ulony species, than in one hM-ing few. 

'fo test tllO truth of this anticipation 1 hal'e a:rrangcd 
tho lliants of tweh-e countries, and tho coleoptefOlIs 
insects of two districts, into two nenrlyequlll masses, tho 
species of the larger genem on one side. and tho:;e of i he 
smaller gelH!m on the other side, and it bna inyariably 
pron!<1 to 00 tho ctl.86 that a larger pfOl)()rtion of the 
species on the side of the larger gel\(lra 1)fe8(lnted 
nu-ielies, than OD tile side of the smullergellera. ) [ore
over, the species or the large genera wbich jlfe8(lnt any 
nrieties, illl'uriahly present" lurger nY(l~"'C number 
of varieties than do the species of the sma1i genem. 
Both tbese resulu foUow when unother diYi~ion is made, 
and when all tho least genem, with from only one to 
fOlif 8pecies, An! absoilltdy excluded ffOm tile tables. 
Theile facts are of plain significlltion on tile vicII' that 
species are only slf()JIgly.marked lind pCrm(Ulent vari. 
cti(oo)j for wIle rover lllallY 8pecies of the same gellllS 

II/we been formed, or where, if we Illay use tIle ex
l'f'C9SiOIl, the DIlUiufactory of species has beell actil'e, '!fe 
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ought gen(>rnlJy to Sod the manufactory IItill iu action, 
IDore et!pecially 811 we have e,'ery reason to belie,'e tIle 
Jll'OeCS8 of manufacturing new speeiea to be a 81011' one. 
And this certaiuly ill the case, iC"arieliei be looked ut 
as incillient species; for my tables clearly show nil a 
general rule tlial, where vcr many sll6Ck8 of a genus 
have OO£.n formed, the species of that genns Ilrcscnt a 
nnmber of \'urictics, thut is of incipicnt species, beyond 
the aversge. It ill not that all large genero (lrc now 
varying much, and are thull incN'88ing in tIle number 
of their@pecies.OI'thatno small genero are now mr}'ing 
and incroasing; for if this had been 80, it would lifl,ye 
been fatal to my thoory; inasmuch 88 goology Jllninly 
tells UII that small genera have in the lapse of time 
often increased greatly in size; and that large genem 
have ollen comc to their maxima, d(>("lined, aud di~. 
appeared, .A 11 that we want to show is, thai, where 
muny spooiCII of a genus hlu'e been fonlled, Oil IlD an" 
rage Ill(lnyare still forming; aud this certainly holds 
good. 

Many of l~ Species i"cluded wi/hi" 1M Lar!Jf!T Genera 
rUlnnlk Van'die. i" bej"g t'try dOW'Jy. but u~ually, 
niaJ«i to (}(Un other, alld in. hat'j"9 f'airitktl mn!Jf', 
There are other relatioliS between the speciefl of large 

genera.nd their recorded ,'arieti6111l'hich dcscn'e notiei', 
We ha\'C Ileen that there isnoinfalliblecritcrionb,' 
which to dininf:,'llish speciefl and well-marked "nrieties'; 
and ill tliOllO ca8C!8 ill which intermedinle link! have 
nnt bC<'1l fOllnd between doubtful forms, nl!.tnralj~ta are 
corn lXlIlC'd to come to a determination by the !lmount of 
dilforell('C bctw(l(ln them, judging by analogy whether 
or Dot tbe amount 8nfficca 10 raise one or both 10 tho 
rank of $]lCCies. lIenoo tho amount of Jiffcren<,<, is one 
very import:lnt criterion in settling whether two ronn:! 
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should be rnuked as "1>C<'ies or nnieliCl'. No"" FriO! 
1mB remo.rked in J'('gal'(\ to plauf..'!, Ilnd 'Vestwood in 
rc~1'(1 to inllOCtiI, that in large genera tho arnollnt of 
dillercnce between thellpeda isoftc.n exceedingly small. 
11111.\-0 endetwoured to te8t this numerically by averages, 
and, as far lUI my imperfect resulu go, they oonfirm the 
\';e\\". I hl"-o. abo consulted some &-.gaciOUB and expe
ricn('oo obt;crvNS, and, nfter deliberation, thoy COllcur 
in tbis view. in this respect, therefore, the species of 
the larger genera resemblo wnicties, IUOre tlli\ll do the 
ftpet'ies of the smaller genera. Or the case may be 
put in another woy, aud it mlly be said, that in tbe 
larger genera, in which Il IlIlUlber of ,-arictil'i or inci· 
pient spcciCfl greater than tho Iwcrage oro now Illann· 
fa<.-turing, many of tbe sp.,,'<:;ClI airea{iy manuf,\(!tured 
still to Il ecrtaill extent rt'8('lIlble varieties, for they 
differ from each other by il'$J than the usual amonnt 
ofdifferen('('. 

iUoreover, tho species of the In.rge genera nro related 
to eaeh otlu:r, in the &UIlO manner liS the mricties of 
any ono species are relnted to each other. No untu
rolist pretend;! that all the species of a genus are equally 
distiuct from each otherj they may generally be dIvided 
into 8ub-gencra, or sections, or lesser groups. All Fries 
11M well remarked. little groups of species aro g(!llcraUy 
clll~tered liko satellites around certo.in other 8I.ooi~. 

And what are yu.rieties Lut groups of forllls, ullC<J.llally 
related to eneh other, and clu,;wred round certain forlDJ! 
-that is, round their parent..f!:pecies? Undoubtedly 
tbere iii ono 1ll000t important point of difference between 
\'arieties and Bl.ooiesj namely, th!l.t tlttl amount of dif· 
ference between yurietie@, when compared with each 
other or with their parelll·~r)j.!< .. ies, is much less than 
that between tho species of the mOio geuus. nut wbeu 
we rome to discu&] the llriuciple, lUI I cull it, of Dh'er-
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gcnce of Chal'8cter, we shall 1!06 how thill may be 
explained, and 110\1\' the le;!Ser differenC('8 hctwf'<'n m
rietics !eml to increase into the greater differences 
between species. 

'1111.'re is one other point whicll is worth llotice. 
YaricliCII gcnenilly have much restriC'lcd nlltb"Cfl: this 
~tatemcnt is indeed scarcely more tllnn II truism, for, if 
Il. vnricty werc found to have a wider nu'ge than thnt of 
its lRlpposcd parent-l!pecies, tiu;ir denominations would 
be ren;rscd. nut there is also rea,;on to belic\'e tllll.t 
those species which are ,'ery cl~ly allied to other 
>lpecice, and in 80 far resemble \'aricties, oft<:u Ila\'e 
much restricted I'IIongcil. f'or instance, .\IT, If. C, Watson 
II.II.S marked ror lIle in the well-sifted London Catalogue 
of ]llnnlJl (41h edition) 63 pianta ,,-iJich are thel'\'iu 
I'IIollked 811 species, bu~ wllich he considNS as 80 c1Of1(' iy 
allied to other 8])Cciee ItS to be of doubtful \'lIlue: these 
li3 reputc<l specics range on an II.vcmb"O over 6'0 of tho 
pfO"incCfl into which Mr. Wntaon biUI dil'ided Great 
Britain. Now, in thi.t1 SIlUle catalogue, u3 acknowledged 
\'(llictiel are recorded, and these ranb"O o\'er 7'7 pro
'-iuC(!8; wlrel'C8ll, the species to which these varieties 
beloug range o\'er 14-3 pro"inces.. So that the acknow
ledged mricties ha,-e very nearly the SCllne ~tricted 
.verage range, 38 have those very closely allied forma, 
marked for me by iUr. WsOOn 8iI tlollLtfulll'pecies, bllt 
wbich Me almost uui,'cTll'tllly rankt.'d by British botauists 
ILII good and true species" 

Summary_ 

Finally, tllen, mrieties cannot be diJ;tingnisll(~d from 
species,-cxcept., first, by the di8COvery of illt(!rmoointe 
linking fonns; and, 8CCOndly. by n certain ind(!fiuite 
amount of ditT(!t'('noo between them; for two fonns, if 
tlitTering '"ery little, are genel'l\lI~' milked ItS ,'aricties, 
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notwithstanding tlmt tlley cannot be closely connected; 
but the amount of differenoo eoll~illerod nOCe8S1\ry to give 
to any two forms the mnk of species eannot be defilled. 
In gencnl. luwiug more thlUl tho Iwerage unmber of 
spe('ies in any OOllnlry, the species of these genern have 
more tlllin tbe arernge number of varieties. In large 
gt'nern the BpeciCIJ are apt to be d08ely, bnt unequally, 
allied tOh~ther, forming little dusters round certain 
other specie&. Species very clOllCly allied to other 
speeiesappnrently hllvo reslricted ronf."Cl. In all these 
S(J,"eml respect!! lhe species of lnrge genora present a 
strong 1l.IH1logy lII'ilb mrieties. And we cnn clearly 
understand these analogies, if speck .. onoo existed lUI 

\nrictit.'S, nud thus originat.ed; ... ,hcn.'6S, tbelle analogies 
are utterly iuc);lliieable if speciea are independent 
creations.. 

We have,alllO,l!C(!n that itia tho mOittlonrishingor 
dominant slJC<:ie8 of the larger genera within CflCh class 
IIhi('h 011 all nv('rage yield the grentest number of 'l'"a
rictics; nnd varieties, as lie shall hcrenftersee, tend to 
Lecome ('(Inverkd into new and distinct species. Thus 
the larger genera tend to become Inrger; and through
out nature the forms of life whioh are now dominant 
tend to beoomo /ltill more dominant by leal'ing many 
modified and dominant descendants. But by ~teps here
after to be e); lllo.ined, the larger genora also tend to 
break \IP into smaller genera. And thus, the forlllS of 
life throughout tho IInirersc become dil'ided into groullI!I 
lIuboniinatc to gronrli. 
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CHAPTER II I. 

STBUOOT.l:: r(lB E:U.IITJO;liCr., 

Ita bearing on n&tuBI II!I«tion -1116 tmn U8ed in , ...-ide tellll!

Ooolnftrieai mtlo of increue - Rapid iocl\'&ll! of naturaliocd 
aninu.'-and I'lallt8-NBtumoflhech('Cluw illCn'68e_Q,m. 
IlI.'lition Ullil"_I-EUIlCu of dimate-I'rot«tioll from the 
nllmh« of indiyiduab_Coml'i6X ~lalionl !If ,II IUIimalJl aod 
p!anuthrougboa'nature-Stnlgltleforlife_KYert!bettrt"l'll 
iildiyidlUllJI aod nrietilllll of the .me 'JlI"I)~' oft.eu 1IIl"_ be
t .. etn .pee_of the ....... gcDua-The ",latiun or orpnitm to 
orpni&m the _ important of all ",lationa. 

BEVOR£ entering on the subject of this chapter, I must 
make a few l)rei iminary remarks, to show how the 
strugglo for existenCE! beart! on Natural Sclection. It 
ha.s been 80011 in the IlUIt chapter that amongst organio 
beings illaatuteofnaturethereilllKlmeindividnal vari. 
ability: indood I am not aware that thiB ha.s ever been 
dupnted. It is immaterial for U9 wbether a multitude 
of doubtful fonn. be called sptlCies or Su\).sl>eciea or "ari. 
etietl i wh"t mnk, for instance, the two or three hundred 
doubtful forDiS of Hritish plants are entitled to hold, if 
the existence of any well·marked varieties 00 IIilmitted. 
But the mere tlxil!tenoo of indil'idnal mriability and of 
some few well·marked Yariet i68, though nOO688flry a.s 
the foundation for tbe work, helps U9 but littlo in UD

deratamiing how epeciea arise ill nature, H ow ha\'e nU 
thOie exquisite adaptations of one part of the orguuisa
tion to another llart, and to the oonditions of life, and 
of one organio ooing to another being, I.Ieen perlccted ? 
We ace Ihese beautiful <»-adaptatioU9 1Il000t plaiuly in 
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the woodpecker 1\11(1 the mistletoe; and only a little IC$lI 
plainly in tlle 111lmblest parasite IIhich clings to th., 
hairs of a quadfll l)(>(\ or fcathers of a bird; in the struc
ture of tho be<!tle wldch di l'es tbrough the water; in tho 
plumed seed which is wnfted by the gentlest breeze; ill 
short. we see beautiful IIdllptutiolUl everywhere aud ill 
every part of the organic world, 

A~'S.in, it may be tlSked, how is it tllat mrieties., w}lich 
I hal'e called incipiont species, become ultimately COIl

locrted into good and distinct species, wllich iu most 
('ases obl'ion!!ly differ from each other filr more than do 
the mrieties of tho 88me species? llowdotho80 gro\ll~ 
of species. whicb oonstitllte what lire culled distilwt 
genera, and which differ from carh othcr more than do 
the species of the same genus, arise? All these remit.s, 
88 we shall more fully see in the next chapter, follow 
from the struf.-p;le for life. Owing to t1lis struggle, 
\'arintious, howC\'('r Bl ight, and from whatN'er cause 
proceeding, if they be in any degreo profitablo to tho 
individuals of n ~pecic's, in their infinitely complex rela
t ions to other organic beings aud to their I)hrsieal con
ditions or life, will tc!lld to the Ilre8errfltion of such indi
l'idua)8. and will generally be inherited by the off,;priug, 
The off~pring, also. will thns 11/1\'e a better chance of 
sUf\'iving. for, of tile many iudil'idnais of any specit!fl 
which are periodieaJ[y horn, bnt a IIlllnU number can 
8uf\'il'c, 1 htll'o called this principle, by wl! ich cnch 
slight variation, if useful, is l)fCSef\'OO, by the term 
Natural Selection, in order to mark its relation to man's 
power of selection, But the eXjlre&lIion often used by 
) Ir, llerbert Spencer of the Sun'h'fI,l of the FittCllt hi 
more accurate. ami is !lOllletimes equally couvenient, 
We hal'll seen thut man by selection can certainly I)m
duce great results, and can adapt organic beingll to hi~ 
own use\!, through the nccuillulation of alight but use. 
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ful \'orinlions, gin·n to llim by the hand or Xalure. 
llut NlltllNLI Self'('tion, as "'e shall ht!l'('lIrter flee, is a 
power inceesalltly ref\d~' for a.ction, and ill fl8 itlllilea. 
611mbly superior to man's (eeble efforte, fill the works 
ofNlltureare tothQ;lOofAr\. 

Wo will now diiM:uSll in A. little more detlli! Iho stnlggle 
for I'xistenee. III my future work this subject will be 
treated, ns it well deserves, lit grenter lenglli. Tho 
elder Do Cllndollo and Lyell \\11.\'0 lnrgdy and I)hilo-
IIOpbieally sho"'n that all orgnllic beings nre up08e1i to 
!!e\'ere oomlK'tition. In regard to l,lnnUl, no 0110 has 
tl'(!flted Ihis subject. with more ~pirit and ability than 
W,ll(lrlx>rt, Doon of Manchester, e\'idently the re~ult 
of his great horticulturul knowledge. Notlling is eusier 
thlln to admit in woms tho truth of the lI11i,'ersnl 
~tnlgglo for life, or more dilliclIl~t least I ha,'o (ollnd 
it 9O-111IIlI eonst.'l.ntly to benr this oonclusion in mind. 
Yet IInle88 it be thorougJ.!y engrnined in tho mind, tho 
wholo economy of Ilature, with c\'ery fuet on d istribu
t ion, rllrity, abundance, extinction, and vllri'lt ion, will 
be dimly IlCen or quite misunderstood, Wo behold tile 
face of nature bright with gladness, we often lICe 8uper· 
abundance or food; lie do not flOC, or "e forget, that tho 
birds which are idly singing round Ull moetly li,'o on 
iusects or aeeds, and are thus constantly destroying life; 
or 11'0 forget 110\1' largely these 8OUgsters, or their eggs. 
or their IIC8t\ing8, are destroyed by birds and he&le of 
prey; wo do not always bear in mind, titat, though food 
may be now 8uperabundant, it is not 80 at nll/iCU80oll of 
each recurring year. 

Th, Term, Struggle for Exislew:e, used I'" a larg' tense, 

I sllOuld premise that I use th is term in Q lnrgo aud 
rnetaphorirol acnse, including liclK'ndcDoo of ouo being 
Oil another, and including (which ill more importllnt) 
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not only the life of the indi"idnal, but success in leaving 
progeny, 1'\\'0 canine animals, in 0. timo of dearth, 
may be truly &lid to struggle with each other which 
shall get food and live. Bilt a plant on the edge of a 
(\esert i.'I &lid to struggle for life Bgninst the drought, 
though more properly it should be sai(l w be dependent 
on tho moisture. A plBut which annUJl.lly produces a 
thousand seeds, of which ou an 8wrage ouly ono comCfl 
to maturity, may be more truly sain to struggle with 
the plaut8 of the same and other kinds which already 
dothe tho ground. '1'he mistletoe is dependent 011 the 
npple and a few Otller trccs, but can only in a far
fetched sense be said to struggle with theose trees, for, if 
too lDallY of these parasites grow on the same tree, it 
will ],\ugllish and die. Bnt several seedling mistletoes, 
growing close together on tho sumo brunch, may moce 
truly be so.id to struggle with each other. As the 
mistletoe is disseminated by birds, it.,; existenoo depends 
on birds; and it may metaphorically be said to struggle 
lI'ith other f"lit-booring plllnt8, in order to tempt birds 
to de\'our and thus disseminate its seeds mther tium 
those of other plants. In these EI(lven~1 SCIlSCll, which 
pass into wch other, I use for cOllyellience' sake the 
gcnel'dl term of struggle for existcnt'e. 

Geometrical Ratio of Incrtate. 

A struggle for existcnoo inel'itably follows from the 
high rate at whieh aU organic beings tend to increase. 
EI'cry being, which during its naturel lifctime prodnces 
severel eggs or seed.=;, mustsutl'er desiruetion during some 
period of its life, and during some season or oceasional 
year, otherwise, 011 tho principle of geometrical increase, 
its Ilumbers would quickly become so inordinately great 
that no country could support the product. llCllce, as 
more individuals Ilro llroduced thlln can possibly sur--
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,-ifE', tJl(>ro mU9t in c"ery CfII:!e be. IItrngglc for e:a:ist-
ence, eithe r oue iooividDDl with anolher of the same 
sl)eciOlJ, or "itb tho indi,-idun.ls of disl:inct. specie .. Of 

with the physicnl ooodiliolls of life. It iIJ the doctrine 
of 1lahhus applied with manifold force to the lI'hole 
nnimaJ and vegetable kingdoms; for ill this Ca!<(! tbere 
call be no artifici(li increaoo 01.' food, and IW prudential 
restnlint. frOla maniage_ Althoagh IOmo species may 
be now iuereasing. more or less rupidly, in llumbers, an 
cauuot do flO, for the l'Iurld wotlld not bold tbem_ 

'I'here is 110 exception to tbe rule that, c"cry organic 
being nMumlly iuere8.iJe8 ut. 80 bigh a rote, that, if not. 
destroyed,theearth would soon be covered by the progeuy 
of a singlo pair. EH~n s1o.··broodiag man lw doubled 
in twcnly-6ve yett.rs, nnd at this rate, i.n a [ow thousand 
years, lucre wonld litewJly not be lltauding-room for his 
progeny. LilllUCUS hU8 cnlculuted tllai if &.II annual 
Jllnnt proo.\uced only two seeds-m}(} there is no pllmt. 
ncarly 80 Illlproductivc M this---Qlld their &ee\UingB IIc:a:1 
YCllr produood tim, and 80 on, then in twcnty years 
there \\'opld bo t\ million plauts. The elephant is 
reckoned lhe slowest Lreeder of aU known animal .. and 
I have takcn lIOme pains to estimate ita IlfObable mini
mum rote of natural increase: it will be safest to 
nslIUlne t1Ul.t it bet.';UII breeding when thirty yean old. 
and goes 011 breeding till niuety yean old, bringing 
forth three pa.ir of young ill thiil intcrrai; if thiil be 80, 
M tho end of the fifth century there would be aliH;' 
fifteen million elephants, descended from the fint lwr. 

lint we luwe better evidenoo on tIllS IIUl..jcet than 
mere theoretic(ll calculations, namely, the lIumerous 
reconlcd CI\IIe8 of the astonishingly rapid incrcMe of 
"arioullanimnls in ill state of nature, "hcn circumstances 
ha,-e been farOllro.ble to thelll during two or three fol
Icm ing seusous. Stillmore striking is the e\'ideuce from 
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onr domC-itic flnimals of mflny kinds: which hfl\'e nm 
wild in !Ie\'ern1INu1B of the world: if tho slatements of 
tllO rate of increase of .slow-breeding ('tittle and horses 
in South America, and latterly in AU8tmlia, had nut 
~n well authenticated, Ihey would have been incte
diLle. So it is with plantll: cases could be given of 
introduced plant.s which have become common through
out whole islands in a period of less tllRn ten ycars. 
SCi'eml of the plants, such as the elH'dooll, lind a tall 
thistle, now most numerous: over the wide pillin~ of La 
Plata, clothing square leagues of surfaro almost to tho 
exchlSion of nil other )llllllts, han~ been intnxluCi!l:I from 
Europe ; and there are plaliis whieh 1I0W mngo in India, 
lIS I henr from Dr. :Falconer, from Cape Comorin to 
the Himalaya, which hM'e been imported from America 
ainco illl discm'cry. ] n 811Ch ("fI8CB, and cndlc88 instances 
could be gh-en, 110 one snpposC8 that tho fertility of 
lhese animals or plants luIS been suddenly and tempo
mrily increased in ally sensible degree. 'The obviolls 
explanlltion is thllt the conditions of li fo hal'O been very 
lill"ollrnbie, and that there haa consequently ~n less 
destruction of the old and young, Rnd that nearly 1111 the 
young ha\'e been enabled to breed. 1n sueh C!I8C8 the 
goomelriCflI ratio of incrcn.sc, the result of which ne\'er 
fllils to be surprising, simply explains lhe extraordinllrily 
mpid increase lind wide diffusion of Illltum1iscd produo
tions in their new homes. 

In a stAto of nature almost every plllnt IlroJUOOll seed, 
and amongllt IIllimals there aro "ery few whiell do not 
annually puir, Helice we mlly confidently fL88Crt, that 
all pllllltS lind animllis are tending to inerellSO at II. geo
metrical rntio,-that all would most rapidly stock e\'ory 
station in wlliell tllOy could any how exist,-e.nd that the 
geomHricnl tendeney to increase mll>!t be checked by 
dc.struetion at !lOme IlCriod of life. Our fAmiliarity with 
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tho larger domcBtio auimals tClltl~, I think, to mislead 
U,i: we 800 no great destruction falling on them, !:lUd \I-e 
forget that thousands !Lre annually slaughtered for food, 
and tbat in a state of nature an equal number would 
118'"0 8Olncho\J to be di.iJI08ed of. 

'1'hoollly d ifference between organisms \I>hich a nnunlly 
produt'O cggs or 8CC<1s by the thousand, and those which 
produccextrcmely foil', is, thntthc slow-breedcrs would 
require a foil' more years to people, under f~I"ourable 
conditions. a whole di:;trict, lct it bo e,'cr 80 large. T he 
oondor lays Il couple of eggs and tho OIltricli a 8COre, and 
yet in tile 8tllne ooulltry the oondor llIay be the more 
numeroua of the t\1"O: the :Fulmar petrel lays but olle 
egg, yet it i8 bclievl'd to be tho mOilt numerou8 bird in 
the world. Oue fly deposits hundred, of eggs, and an
other, like the hippobosca, a singlo ono; but this diffe,... 
ence does not determine how mauy indi,-idunls of the 
two species cnll be supported ill a district. A large 
number of eggs iw of some importance to t hose species 
which depenrl 011 a rapidly fluctuating anlount of food, 
lor it allow8 thew rapidly to iucrease in uumber. But 
the reRI importanco of a large nunJ!Jer of egg8 or seeds 
is 10 make up for much dcslrucliou fit BOrne period of 
life; and uli8 period in the great wajorityoCCU8C8 is an 
early ODe. If an animal can in any way prote<:t its own 
eggs or young, a IIlnall number may be produced, and 
yet the an-rage stock be Cully kept up; but if many 
eggs or young are destroyed, mally must be produced, 
or the 81Je<:i('8 will become extinct. ]t would suflice to 
keep up the full Dumber of a tree, which lin)(l 011 an 
a"{'ragu for a thousand years, if n single 8(.'ed lIcre pro
duced onco in R thousand yelil'S, supposi ng Ihnl this seed 
were lI(I\'er destroyed, and could 00 ensured to germi. 
nate iu a tittiug lliace. So that, in J,ll CIISC8, the Il.\'ernge 
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number of any animal or plant depends only indirectly 
on the number of its aggtl or seeds. 

In looking at Nature, it is most necessary to keep 
the foregoing considerations always in mind-never to 
forget that every single organic being around UII may 
be l!I\id to be striving ttl the utmO/lt to increase in num
ben; tliat each lives by a stlUggie at some period of 
itll life; that henl'"y destruction inevitably falls either 
011 the YO\IPg Of old, dUJ:,ing each gencnltion or at 
reentrcnt intervals. Lighten any cheek, mitigate the 
destruction eyer so little, and the number of the species 
will almost instantauoowly increase to QJIy amOllut. 

Nat,u,t oj 1M O1uch W lJUTeal!e. 

'rho caU!le!I which cheek the natUJ:'al tendency of each 
species to incrcnsc Ill'C most obscuce. Look at the 
most rigorous species; by (1.8 much as i t !Wlu'ms in 
numbers, by so much will its tendency to increase be 
still funiler increased. ' Ve know not exactly whnt the 
chocks are in even one single instance. Nor will tllis 
Il-urprise anyone who reflects bow ignorant we are on 
til is head, e\'en in regard to llUI.nkind, so incomlmrably 
better knO"-1I than any other animal. 'I'hiB subject has 
been ably t reated by several authors, aud I shall. in lily 
future \fork, discuss some of the checks at collsiderable 
length, moro especially in regard w the feralilnimais of 
South America. Here T will make only a few remarks, 
just w recall w the reader's milld some of the chief 
point& Eggs or very young animals.seem generally to 
suffer most, but this is not im-luiably the case. \Vith 
plants there is tl. ,-ast destruction of seeds, but, from 
some observatious which I have made, 1 LeJieye that it 
iii the seedlings which suffcr most from germinating 
in ground already thickly stocked Ililh other plants. 
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Seedlings, a.l8o, are destroyed in vast numbers by "nriou~ 
euemiC8; for iIiSlaDt'e. 011 a piece of groDnd three feet 
long fLIId b'o .... ide. dug aDd clellred, and wllere there 
coliid be no choking: from other plllllta, 1 marked all the 
seedlinb'fl of our nati.e weeds 8!1 they rome up, lind out 
of the 3J7 110 J{'88 than 295 were destroyed, chiefly by 
81ugs ami insects. If turf whiel} hlUl long been mown, 
and the case would be tho SlUlle with turf clO8ely 
browsod by quadrupeds, be let to grow, tho more 
yigorouB plante gradually kill the lees ,'igorous, though 
fully grown llianu: thllB out of tll'only specics growing 
on a lillie lliotof lurf (throofeet by four) nino slW!cietl 
peri~hed from the other species being alloll'ed to grow 
np freely, 

The amount of food for each species of COurse gi,'cs 
the extreme limit to which each Ciln iIlCI"CfLB6 j but "ery 
frequ ently it ill Ilot the obtaining food, but the 80ning 
a8 prey to olher animals, whieh determines the an:>ro.ge 
numbers of a specie!!. 'I'hus, thefEl seelllS to be little 
doubt that the stock of partridges, groullC, lind hures on 
any Inrge cstllto dept'llds chiefly on the destruction of 
\'Crmin. If not one head of game were thot during the 
next twenty years in England, and, at the same time. 
if IlO \'Crmin were dcstroyed, there .... ould, in all llroba
bility, be less game than at IJro!ICllt., although hnndreds 
of thousands of game auimals are IlOW i1llnnnlly killed, 
On tile other hand, in 80me c&.!Ie8, Ill! ""ith the eleliliant, 
none 8l'6 destroyed by beasts of prey; for even the tibrer 
in Lidia lll08t rarely dares to attack a young elephant 
Ilrotectell by itedam. 

Climate Il1a),8 all important part in detcrmining' the 
al'cmgc numbers of a specie&, and periodit'nl season8 of 
extreme oold or dronght ,;cern to be the moe:t e/feclil'c 
of all checks.. I cstimated (chiefly from the greutl)' 
reduced numbers of llC8ts in the !Jpring) tliat the winter 
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of 185-1·55 destroyed four-fifths of the birds in my 011'11 

grounds; and this is tl. tremendous destruction, when we 
rcmeluoor that ten per cent. is all c:ttraordinarity BOyerO 
mortality from epidemit!'! with wall. '1'he action of cli
mate seems at fi\'8t sight to be quite independent of the 
struggle for existcuce; but in so fur as climate chiefly 
nets in reducing food, it brings 011 the JIIost severe 
~truggle between the indi\'idlllll~, wllcther of the same 
or of distinct species, which slli.Jsist on tho &lme kind 
of food. Even when climate, for instance extreme oold, 
ilCtsdirectly, it will be the least vigorolls,or tllOse I1hich 
have got least food through the advancing winter, which 
will suffer most. "'hen we tran,\ from south to north, 
or from a. damp region to a dry, 11'0 illvurinbly see some 
llpecies gradually getting fllrer and rarer, lind fillRl!y 
disappearing j and the cllange of climate being con
spicuous, we aro temptod to attribute the whole effect 
to its direct action. But this is a false ,·jew: we forget 
that each species, o,'en where it most abounds, is con
stantly suffering enormous dcstnlctioll at some period 
of its life, from enemies or from competitors for the 
SlIme place and food; and if these enemies or com
petitors be ill tho least degree fln-oured by any slight 
change of climate, tlloy will in('rense in numbers, aud, 
us each area is already fully stocked with inh'lbitants, 
the other species will decrease. When we travel sonth
ward and see a species decreasiug in numbers, wo may 
fool sure that the cause lies quite as milch in other 
species beiug favoured, ns in this one being hurt. So it 
is when we tnwel northward, but in a somewhat lesser 
degroe, for the number of species of ull kinds, and 
therefore of competitors, decreases northwards; hOllce 
in going northward, or in ascending it. mountain, we far 
oftencr meet with stunted forlllS, due to tJle direclly 
injurious llCtion of climate, thun 11'0 do in proceeding 
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lIOuthwarili or in descending a mountain. When we 
reach the Arctic regions.. or snow-capped 8111nmilB, or 
abeolute dCIICrts, the struggle for life il almost exclu
lively ,,"jth the clemeuta. 

That climnte actl in main part indirectly by favour
ing other species, we may elearly 800 in tllC prodigioull 
number of I)lants ill our gardens which call pcrfectly 
well endure our climate, but which ne"cr booome Ilatu
ralised, {or they C8ncot compete with our native l)lants 
nor reaist destructioD by our Dntive animals. 

When 0 specie&, o",ing to highly {u"ourable circum
stances. inereaacs inordillately in numbers in a small 
tract, epidemics-at least. this !IIlems generally to occur 
witll our game animal8--0f'ten enSIle: and here "'0 ha.e 
a limiting check independent of the IItnlggle for life. 
But even some of these 8O-<:alled epidemics appear to 
be duo to pflt(l8itic worms, w11ieh have from lIOme cause, 
possibly in part through facility of diffusion amongst 
Ihe crowded ani mall!, been diliproportionnlly favoured: 
fmd here comes in a lIOn of struggle betwccn the para-
8iOOall<l iU! I)rey. 

Oil the other hand, in mOllY C8see, II. large stock of 
indi"idunls of the woe s~iell, relati"ely to the num
bel"8 of itll enemies, is absolutely neecesary for its 
)lreservatioll. '1'Ims we can easily raise plenty of corn 
and rape-seed, &C., in our fields, becaU80 the seeds are 
in great CXCCo!B compared with tho mnnUer of birds 
"'-hich feed 011 them; nor can the birds, though having 
n superabundance of food at this olle 8008011, increase in 
number proportioDally to the supply of seed, (18 their 
numbers [IrQ el.cckod during winter: but any oue who 
haa tried, knows how trouble80me it is to get seed from 
n few whoot or other such planlil in n garden: I ha"e 
in this case lost overy single seed. l'hi8 view of the 
neecssity of a large stock of the some species for iU! 

o 
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PrCfIC'TWltiou, explains, I belie.e, BOrne singular facti! in 
nature, lIuch fI8 that of very rar& Illaou being BOrnetirnes 
ro:tro:mely abundant in tbe few llpol3 where they do 
occur; 8n<1 that of some aoeial Illanu being eocial, 
that it, abounding in indi"idlUlIs, e,'en on the utreme 
COUflll08 of their range. ~'or in Inch eMe&, we may 
believe, that a plant could exist only where the colldi· 
tiOlli of its life were so fal'ourablo tbllt manycolild exist 
1vb"Cther, and thull 88\'0 tbe speciea from utter dei!trlle. 
oou. I lOhould add that the good effects of frequent 
intercrosaing, and tbe ill effect. of cloee ink'rbreedillg, 
probably come into play in BOrne of these ea.sea; but on 
this illtriCQte subject I will not here enlarge. 

Complez Re1atiom of all Animall altd Plant, to ,ach 
other in 1M &ruggu for }:.ZUkItCe. 

1IIf1uy ro!IC8 are on record sbowing how complex and 
unexpected aro the checks and relations between or· 
ganic bcingil, which have to stru~glc together in the 
snllle oountry. J will giye only 8 aingle iUlltilllce, which, 
ulOugll tI sim ple one, has interested me. III Stalfonl· 
,Jlin:,oo the estate of a relation, whcre I bad ample 
moons of iu"c"t1gation, there was a large and extremely 
barren hl:iltb, ..... hich bad neycr been tonched by the 
hand of U1ilO; but 8O,'e",1 hnlldre<l flCl'f'8 of enctiy 
the Mille nature had been enclOl:le<i t",ent),.6,·e years 
Ilreriotlllly and planted with Scotch fir. The chnnge in 
the natil-c vegelation of tile plnlltoo part of the h(>ftlh 
Willi 1U000t T"markable, morc tllIlU is generally 8t.'t'n in 
pussing from one quite different soil to another: not 
only the proportional Ilurnbc-rs of the heath - plnnts 
wcro wholly cilrllli!;("(I, but twelvt' spedca of Il)nn1.8 (not 
counting gl"Ull6('s aw.l carices) lI<lurished ill the 1111l111n
t ions, which CQuld 1I0t be founel on tlH~ heath. TLe 
efli:d on the iwit!cts must wwc beell atill grenter, for 
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sil; insooth'oroUJI birds were .ery common in the Illan
lations, which were not to be !IOOII on tho heath; and 
the hooth was (requented by two or three distinct in
sectivorous birds. Hero we !IOO how potent has been 
the effect of the introduction of n lIingle tree, nothing 
whatever elso having been dOllo, with the excelltion 
of the laud having been enclosed, so that outtlo could 
1I0t enter. But how importaut an clement enclosure 
is, I plaiuly 8Il.W near Farnham, in Surrey. Here there 
are ol;teusi,'o heaths, with flo (ow c1umpa or old Scotch 
firs on t~o distant hill-tops: withiu the last ten years 
large spaces have been enclosed, and IIOlf-601I"1I fin are 
now epringing up in multitudes, 90 c1080 together that 
all cannot lil'o, Wheu I ascertained that thellO young 
tl'OOl! had not hceu IIO"'U or planted, I was 80 mueh 
surprised at their numbers that I went to 8(Wern! points 
of " iew, whence l could examine Illmdreds of ncrcs of 
the unencloecd heath, IIlld literully I could not see 0. 

single Scotch fi r, except the old plllnted clumps. But 
on looking clOliely bet,,'con tho stems of tho hellth, I 
found a lUultitudo of seedlings Ilnd littlc tfOOl, which 
had been )K'rpetually browsed down by the eaulo. In 
one !KJ.IUl.fe yard, at a point some hundred yarW distant 
from one of the old clumps, I countOO thirty-t"o littlo 
trees; and oue o( them, with twenty-e:ix rings of 
growth, had during many yCfl1';J tried 10 rni:IC iIB head 
abo,'C tho stems of the heat!!, and had failed. No 
\fonder that, iii soon as the land WIl8 ellcl()8(!(l, it be
came thickly clothoo with ,'igorollsly b"I'Owing young 
firs. Yet the heath WIl8 so extremoly barren and 80 

extensivo that llO ono would ever IlB,'e imngined that 
cattle would have 80 closely and effectually 8tlare!!cJ it 
for food, 

llero wo see that enltle absolutely determine t110 
ui:;teneo of tho Scotch fir; but in 8(wem..I parts of the 
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world inseclll determine tho existence of cattle. Perhap8 
Pumguayoffen the most curiolls instance of tllis j for 
here llcilher cnttle nor hor8Cs 110f(iogs lul.YO o\'or mn 
wild, though tlloy swami southward I!.Jl(luortiJwani in a 
feml slale; lind Awm and Rengger ha\'c shOll n that 
this ia caused by the greater number in Paraguay of a 
certain fly, which lays its eggs in the nllvels of t1H!se 
animals when first born. 'l'he incr<!f\8C of these Ili('!l, 
numerous aa they are, mlln be habitually checked by 
some means, probably by other pRrnllitie insecta. Hence, 
if certain insocti\'orous birds were to decrease in Pam· 
guay. the parasitic insects would probably increase j find 
thill would leeeen tho number of the na.el-f~l1eDtiDg 
flies-then caule and hOr8e8 would become feral, alld 
this would (."Crtainly groatly alter (aa indCt'd I have 
oi.ll!(>n'oo in p4rls of South America) the vegetation: 
thil again would largely affect tbe inllCCta ; and tbis, as 
we llave just 8eCn ill Staffordshire, the insecti\'orous 
birds, and 80 onwards in ever-increasing circles of COUl

plexity. We began tlli! series by inaeetivorous birds. 
anti \\0 ha,-e ended with them. Not that in Ilnture the 
relations can ever be as limple as this. Bactle within 
battlo must c\'er be recurring with varying success; 
and yet iu the long-run the forces are 80 Dicely bo
lanCX!d, that the face of nature remains uniforlll for 
IOllg periods of time, tllough lU!8uredly tho mCN!8t trifle 
would often give the ,-ietory to one orgauic beillg 0\'('1 

anothcr. Ne,-erthelesa, IlO llrofouDd is our ignoranC<', 
and 90 high our presumption, that we manel wllcn we 
hear of tho extinction of an organio beillg j and fL8 we 
do not see the C!llL."<.l, we in"oke cataclysms to desolate 
tho world, or im·ent laws on the duration of the forms 
of life ! 

1 tlln telllpted to gh-e one more instance sJlOwing how 
plauts Ilnd Ilnimals, magt remote in the scale of nature, 
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are bonnd together by a web of complex relatione.. I 
shall hef'{lafier ha\'e ClCCa!!ion to show that the exotie 
1..olJelia flilgell.s, in this part of England, i.s never visited 
by insects, and co1Ulequelltly, from iu pt.'Cliliur structure, 
ne\'er flCUI a seed Nearly all Ollr orehidaceoU3 Illallt8 
ubsolutely require the visits of insecta to remove their 
pollen-masses and thu8 to fertilise them. 1 find from 
experiments that humble-beea aro allll06t ind ispensable 
10 the fertilisation of the hearl.ielUIC (Viola. tricolor), for 
olher bees do not viBit this flower. 1 ha\'e also fonnd 
that the visits of 00ee are JlOOC8.8ary for tho fertilisation 
of some kinds of clover: for instance, 20 beads of Dutch 
clover ('l'rifolium tel'cns) yielded 2,200 seeds. but 20 
other hC8!U protected (rom bees produced not one. 
Again, 100 heads of red clover (T. proteose) produced 
2,700 seeds, but the SlImo 1llllOlJer of protected headB 
produced not a Binglo seed, Uumble-bees alono visit 
red clover, 118 other bees cannot reach the nectar. It 
hail been suggested that moth.!! may fertilise tho clo\'crs; 
but 1 doubt whether they C()uld do 80 in the cn80 of 
the red clo\'er, from their weight not being sufficient 
to depreea the wing-petals. Hence we may infer all 

highly llrobablo tilat, if the wllole genus of humble-bees 
became extinct or \'ery rtlre in England, the hearlEleale 
and red clover would become very rare, or wholly dis
appear. The numlJer of humble-bees in any district de
pends inagreatdegroe on the number of field-mice, which 
del!tTOY their C()mba 4nd nests; and Col. Newman, who 
l18i1 long attended to the habits of hnmble-bees, belio\'C3 
that" more than two-thirds of them are thuJI destroyed 
nil over England," Now the numoor of mice is largely 
dependeut, 88 every one knows, Oil tho numlJer of C4tS j 

and CoL Newman says. .. Near \'illages and small towns 
1 have found the oests or humble-bees more numerous 
than elsewhere, wJlieh I attribute to the !lumber of eald 
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tlmt destroy the mice." Hence it is quite credible that 
tIle presence of !L fcline animal in largo numbers in 0. 

district might determine, through the intervention first 
of mice and thon of boos, the frequency of certain 
flowcrsinth!Ltdistrict l 

I n the case of every species. many different checks, 
acting at different periods of life, and during different 
seasons or years, probably C{)me into play; !lOme one 
check or some few being generally the m08t potent. but 
all concur in determining tho average number or even 
tho C:listence of tho species. I n some cases it can be 
shown that widely-differcnt checks act on the SumO 
species in different districts. Whcn 111'6 look at the 
planta nnd bushes clothing an entangled bank, we aro 
tempted to o.ttribute tbeir proportional numbers find 
kinds to what wo call Chfillce. But how ffllliC a view is 
this! E,ocry one hM heard that when an American 
forest is cut down, a ,·ery different vegetation springs 
up; but it hOB been observed that ancient Indian nlins 
in the Southern United State!;, wllich must formerly 
have been cleared of trees, noll' display the game beuuti. 
fu l dil'erosity and proportion of kinds OB in the surround
ing virgin forest. What a Itrugglo must. llal-e gone on 
during long centuries betWOCIl tho several kinds of tn>es, 
eocll annually scattering it@ seeds by the thousand ; 
what war between insect and insoct-betwoon insects, 
snails, ami other animals with birds !Lnd beasts of prey 
-all strh-ing to increase, ull feeding on each other, or 
on the trees, their seoos and seedlings, or on the other 
plants which first clothed the ground and thus checked 
the growth of the trees! Throw up a handful of feathers, 
alld ul! must fall to the ground according to definite 
law9; but how simple is the problem where each shall 
fall compared to that of the action and reaction of the 
innumerable plants and animals whieh havo determined, 
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ill the oouI1Io of centuries, tbe proportional numbers 
and killds of trees now growiug on the old Indian 
ruins! 

'f he dependency of one organic being on allother, IL9 

ofa ponwite on its prey, lies genemlly hct'lf~u beings 
remote in the acale of natuI'C. 'f his ie likowise BOrne. 
t imes the case wi1l\ those which may strictly be said to 
struggle with oe.ch other for existencc, n8 in the case of 
locusts and gr89S-fooding quadrupeds. liut tho stnlggle 
will almost invariably be most lIC\we between the 
individuals of the same species, for they frequent 
the I8.me districts, require tlle same food, and lire 
expoaed to tbe same dangers. I n the CMO of \'arieties 
of the .. me 8jHlCiea, the Btnlggle l\-i1I gellerally be 
a lmOBt eqnally severe, and we 80metimCII II('(l the coutest 
800n decidod: for instance, if se\-eml varioties of whpat 
be sown together, aud the mixed 8Ce<1 be resowu, 80me 
of tho varieties whieh best snit the soil or climate,or 
are lllltllmlly tho most fertile, will beat tho others alld 
110 yield more &ced, Jllld will coll&eql1cntly ill a {ell' yefirs 
quite sUllplant the other yarietiC8. '1'0 keep up i\ mixed 
stock of even 811Ch extremely clOMl nricties as the 
varionaly coloured ,wooL-peas, they milA be each renr 
haJTested acp&ro.tcly, and the IIQCd then mixed in due 
llroportioll, otherwise the weakcr kinda will steadily 
decreoae in number and doollpear. So again with the 
varieties of sheep: it has been U!Jgertcd that certain 
mountain-varieties will starve ont other mountain
\"srie tics, so that they co.nnot be kept together. Tho 
Mille result has followed from keeping together diJTerent 
varirtiCilofthe medicinslleech. I t msyevcn00 dOlluted 
whether the \'srieties of any of onr dOllleetio I)lants or 
animal. have 80 exactly the lI8.me atrcngth, haLitl!l, and 
oongtitutioll, that the original proportions of a mixed 
sto<'k could be kept up for h8lf-a~ozeu gencmtions, if 
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tlley wero allowed to struggle together, like beinga in Il. 

slate of natuf(', and if the seed or young were lIot 
annually sorted. 

Sfroggk Jor LiJe most set·ere betu'een Individual, and 
Varieties of tM same Species. 

As species of the same genlls have usually, though 
by no means invariably, much similarity in habits and 
CQnstitlltion, and always in structure, the struggle will 
gellemlly be more !lel·ero between species of tllo sarnO 
gellus, when they come into competition with each 
other, tllan betll'eCn species of distinct genera.. \Vo see 
this in the recent extension over parts of the Unite(\ 
States of one species of 8wallow having caused tho 
decrellse of another species. The recent increase of 
the missel-thrush iu parts of Scotlaud hM caused the 
decrcase of the song-thrush. liow frequently we hear 
of one species of mt iaking tbe place of another species 
under the most different climates! In UUllSin the small 
A.siatic cockroach has everywhere dril"en before it its 
breat congener. 11.1 Australia the imported hive-bee is 
rapidly exterminating the small, stingless native be<-. 
One species of Dharlock has been known to supplant 
another species; and so in other cases. We can dimly 
see wIly the competition sllould be most severe between 
allied forms, which fill nearly the same place in the 
economy of nature; but probably in no one case could 
we precisely say why one species has been ·victorious 
N-er another in the great huttle of life. 

A corollary of the higbest importlLllce may be deduced 
from the foregoing remarks, namely, that the structure 
of el·ery organic being is related, iu the m08t e8SClltial 
yet often hidden manncr, to that of all tllOother organ ic 
bcillga, with ·which it Nmcs into oompctitioll for food 
or reaidellce, or from which it hus to escape, or 011 which 
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it Ilreys. Thill it Ohl-iollS in the stnlctnre oC tho teeth 
lind talon8 of the tiger; and in that of the legs and 
claws of the parasite which clings to tho Ilair on the 
tiger'8 body. But in the beautifully plumed seed of 
the dandelion, and in the flattened lind fringed legs of 
the wllter·beetle, the relation seems at first ('()ufined 
to tho elemenU! of air and water. Yet the luh-antageof 
Illumed seed~ no doubt stands ill the closest relation to 
the land being already thickly clothed with other 
plnnts; &0 that the seeds may be widely distributed and 
fall 011 unoccupied ground_ In the wflt(,f·beetle, the 
structure of its legs, 80 well &dallted for dh-ing, allows 
it to compete with other aquatic insecta, to hunt Cor its 
own prey, and to escape 8Cf'I'ing WI prey to other 
auimals. 

1'he slore of nutriment laid up within the seeds of 
many plants &Cerna at first sight te hal-e no sort of relll
tion to other plants, But from the strong growth of 
young plants produC€d from such aecQs (as peas flIld 
beIlUS), when &Own in the midst of long graBII, it Illfly be 
suspected that tho ch ief U!lO oC the lIutriment in the 
aced is to fa,"our the growth of the young seedling, 
whilst slru~,'gling with other planta growing l'igorou~ly 
all around. 

Look at a plant in the midst of ita range. why d0f'8 
it not double Of quadnlple its numoors? We know 
that it can perfectly weU withstand a little more heat or 
cold, dampnCS8 or drynCSB, fOf elsewhere it Nlogt'll into 

slightly hotter or colder, damper or drier districts. III 
this CMO we can clearly see that if we wished in imagina. 
tion to gil'o the lllallt the power of incrcasiug in 
numoor, we should hal-e to give it 80me acivo.nlagtl o,-ef 
it~ competiton, or over the animals which preyed on it. 
On the confillCi of ita geograjlhical rallge, a change of 
(."Onstitution with fCflX'Ct to climate would c1enrly 00 all 
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adl'an~'"6 toOUl plant; bot we lut."I'"O rel\lOD to belie"l'"c 
tllat only a few plalll.8 or Iln.imais rllnge eo far, that 
they are destroyed by the rif,'our of tbe climate alone. 
Not until we reACh the extreme confines of life, in the 
Arctic regiOllll or on the borders of an litter dcaert, will 
competition eee.sc. The land may be extremely cold or 
dry, yet there will be competition betwO(!n lOme few 
8peeics, Ol" between the individuals of the same llpecics, 
for tbe warmCllt or dampest spota. 

Honce, also, we can see that when 0 plant or animal 
is placed in a new country amongst now competitors, 
though the climate may be exactly the &limo o.s in 
its former home, yet the conditious of ita life will 
generally be changed in an essential manner. It we 
wished to wereue ita average numbers in ita new home, 
we would have to modify it in a different way to wbat 
we Ihould bal'e to do in its native oountry; for we 
Ihonld have to gil'e it /lOme MI'antage over a different 
set of competitors Or enemiel. 

It is good tlIUs to try in imagination to give any 
form lOme advant.agc over another, Probably in no 
lIingle iJl.ilt&nee ,liould we know what to do, IJO as to 
succeed. It will conl'inee us of our i/,"llOnlnce on the 
muinal relations of all organic being.; a COnl'ietion as 
nooeasary, as it fIOCm, difficult to acquire. All that we 
call do, is to keep stoo.dily iu mind tllat each organic 
being is striving to increase in ageometrieal ratio; that 
each at IIOme period of itl life, duriug 1101110 Iea..8On of 
the year, durillg each generation or at internis, has to 
strugglo for life, aud to ,ulfcr great detltructWn. When 
wo reflect on this struggle, 111"0 may coll8Ole oursell'e11 
wilh the full belier, that the war of nature i, not in
ce!llllUlt, that 110 foor iii relt, that death is generally 
prompt, and that lhe vigorous, the healthy, and the 
bappy 8uniyc and multiply. 
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CHAPTER IV. 

Natural ~Irotion-it.power eomr-red with nan'. !!election-its 
power on characunof trifling importance-it.I)QI.-cr It all ~ 
and on IKoth.,.",._Se.J:ual Selectioo-O .. tbegellt'nl.lityof 
i!l~ betW<leQ individuaL. of tI,e"me II>eci~-Cireum. 
111,- rll'Wrahle IDd nnfal'Ollrabie to the ~lta of X.tunal 
8elect>un, namely, iD~ing, iaoIatim, !lumber ofiOOividualli 
- !:il" .. actioo - EuinelioD. eau.ed bJ Natura' SelfCt>oo_ 
Di~c"l(l"l"lOll of Character related "" the diverJil,. of inhabiWlt.l of 
an,. IIUIllarea, and ""natunWalion-Acti"lIofNat",ra1 fl.eke
tion, th......,..h Divcrgeooe of Character and F..Ilincti ..... , on tho 
~lantarTUn a common r-rent-E:rl'lIIi~thGroopingof 
,II orga.nic IM.rin~- Advance in org.lli .. tion_l.o .. f.no. f""l'"' 
llerved-Obj«tiolll oonaidcred-Ulliformity of oertain eM
mete" due to thuir unimporbln08 and to ulcir DOt ha"ing hero 
acted 00 by Natural Selection-Indefinite mu1til,lication of 
IpeciN-!:lummary. 

How "ill the struggle for existence, briefly discussro in 
the last dlallter, act in regard to l'amtion? Can tlie 
principlo of &election, which we have seell is &0 potent 
in the hands of man, apply in ootum? I think we 
shall 800 UlAl it can act m08t elTeetually. Let the 
emllCS8 number of peculiar Yariations in onr dom(!l!tie 
productions. lind, in a lesser degree, in thOfie under 
Ilature, be borne ill mind; as well Il.i tllo strength ot 
the hereditary tendency. Under domestication, it may 
be tnlly said chat the wllOle organisat ion OOoolllel! in 
8OIno degree Ililllltic, But the \-lU'i1l.bility, which wo 
almost lmh'efSll,lly meet with in our dOl1l&>tie produc
tio.ns, is not directly produced, IlIlllooker and .\sa Gray 
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have well remarked, by man; he ean neither originate 
"arieties, nor l,revent their occufr('nce; be can only 
preserve and flCCUmulate slleh as do OCCUr; uninten
tionally he e:l"lXl8eS organic beinga to new and changulg 
couditions of life, and variability wsuea; out similar 
changes of conditions might and do occu r uuder nature. 
Let it also 00 borno in mind how infinitely complex 
llndelose-fittillgarethemlltnal rclntionsof all organic 
bcinga to each other and to their physical conditions of 
liro; and consequently what infinitely "aried diversities 
of structure may be of use to each being under changing 
conditions of life. Can it, then, be thought improbable, 
seeing that variations useful to man luwe nudoubtedly 
<X'Cnrred, that other yariations useful in IIOmo \l'Qy to 
each being in the great alld complex bcutie of life, 
sllould IIOmetimcs occur in tllo course of thousands of 
generatiollll? If such do occur, ran we doubt (remem
bering that lIlany more individuals are born than can 
possibly sunil'e) that individuals llll.\·ing anyadvan~fY(!, 
however slight, over others, would have the best chance 
of surviving and of procreating tllCir kiud? Oll the 
other hand, we may feel sure that any "nriation in the 
IClltIt degree injurious would be rigidly destroyed. This 
pre8ervution o£ favourable variations, and the destruc
lion or injurious variations, I call Natural Selection, or 
the Survi1'ai or the Fittest. Variations neither useful nor 
illjurions would Dot be afft'Cted by natural selection, and 
1\"ould be left either a fluctun.ting element, lUI perhaps 
we &eO in certain polymorphic SI)ElCies, or would ulti
mately become fixed, owing to the nature of tllO 
Olb"llllislU and the nature of the conditione. 
. Several wriwrs have misaJllll'(!hended or objected to 
the tenn Naturnl Selection. Some have even imagined 
tlult lIaturnl selection inducea ,'ariability, whereas it 
impliCi only the presermtion of iueh ,'ar;atiolls as occur 

~ The CQ.'I'lolete Work of Charles -a!'Wlfl';' ..e 
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and are beneficial to the being under ita oonditions of 
life. No one object8 to agriculturists apcaking of the 
rotellt effects of man's aelection; and in thi~ case the 
indi"idulll differen0C8 given by natuI"C, which mall for 
some objcctaelecta, JUustof necesaity fil"8toccur. Otllers 
have objected thnt the term selection implica oousciolls 
choice in the animals which becomo modified; and it 
hM OVCII been urged that, as plilnta have 110 volition, 
natural selection is not npplicablo to them I In the 
literal sen90 of the word, no doubt, natuml selootioll is a 
fillse terlll; but who el'er objected to eilCiui .. 1B speaking 
of tile elective affinities of the mriou.a elements ?-and 
yet an acid cannot airict1y be said to elect the bose with 
which it in preference oombinC8. Jt has been said 
that I speak of IlAtural selection lUI an actinl power or 
Deity; but wbo objects to lUI author speaking of the 
Ilttraction of gravity as ruling the movements of tIle 
I)lanots? EI'ery olle knows what il meant and is im
I)liod by such metaphorical expresaions; and they Ilro 
almost neoeesary for brel'ity. So again it is difficnlt 
to avoid personifying tbe word Nature; but J mean by 
N"atun'!, only the aggregate action ami product of man)' 
natural laws, and by lalU the sequence of evellt.s as 
ascertained by us. With a little familiarity luch super
ficial objections will he forgotten. 

We Ilhall best. understand the probable oourso of 
natuml eelection by taking the CIlIIC of a country under
going lOme Illight llhysical change, for illstance, of 
climate. 'fhe proportional llumbcl1l of ita iuhabitants 
would utmost immediately undergo a Ilhange, and some 
specics might become cxtinct. 'Ve may oonclude, from 
Il'lllit we l1a\'e sccn of the intimato and complex manner 
in whicb the inhabitants of each country afO bound 
together, that any change in the llumerical proportions 
of BOme of the inhabitants, indepenrJently of the change 
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of c1imllte ifBelf, would seriously affect the others. If 
the country were open on its borders, new (orms would 
Ct"rtainly immigrate, and thi, also wonld often seriously 
disturb tI,e relatioDll of fIOme of tho fonner inhabitants. 
L"t it he remembered how powerful the influence of a 
Bingle introduced tree or mammal has been shown to 
be, 'But in the case of RD is.land, or of II. country partly 
surronndod Lv barriers, into which new and better 
adapted (onn; could uot freely enter, we should then 
lw.\'e I)laces in the economy of nature l\biell would 
lWIuredly he better fll1e.:l up, if BOrne of tllO origiual 
inhabitants were in some mauuer modified; for, had tbe 
area been opeu to immigration, thC80 eumo placet! would 
I,ave been lII!iU'd by iutruders. In such ctl!Ie8, slight 
modifi(,:'IItioll~ which in any way favonred tho individuals 
of IIny species, by better II.dnpting them to their altered 
conditions, would tend to he prescr\'ed; and naturnl 
selection would. havo free &COlIC for tho work of im
IJrol'eIDcnt. 

We hll.l'o reason to believe, as stated in the first 
chapter, timt changes ill the conditious of lifo cause or 
('x"ite a tendency to "ary; and ill tho foregoing casc 
the conditions are snppoeed to havo changed, and this 
lIonM manifestly be fn"onmblo to lIatun'l1 selection, by 
siling a better chance of profitable vuriutions OOCUf
ring; and unless frueh do occur, Mtural selection can 
do notlling. Undcr the term of "''tlriatious,'' it must 
ue,'er he forgotten that mere individual differences are 
always included, As mau cun certaiuly produce a 
great l'CIiult with his domestic animals and plana by 
lidding "I' in any giveu directiou indil'jdual differences, 
so could uatural selection, but far more e!lSily, from 
hnying incomparably longer time for action, Nor do I 
belic\'o that any great physical change, as of climate, 
or any unusual degree of isolation to check immi~ro-

rhl. Com lete work of Charles Darwin Onhne 
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tion. iI actually necessary to produce noW" and unoecu
pioo pl8CC8 for natumleeleclion to fill up by modifying 
and itllpfO,·ing lOme of Ihe Tarying inhabitants. For 
as all the inhabitants of each oountry are struggling 
together with uk'dy balaneed forces, el.tremcly alight 
modificationll in the structure or lu\hiL'l or one species 
woul(i of tell gi,'e it au admnta,,"e over othel"8; and stiU 
further moditlcatious of the same kind would often still 
further increll88 the advantage. 08 long as tho species 
continued nuder tbe same conditiOlls of lifo (IUd profited 
by similar meaus of subsistence and defence. No coun
try co.lI be named ill which all ~he native inhabitants 
are 110W 80 lM.'rfeetiy adapted to each other and to the 
physical conditions under which they li\'e, that Done of 
them eould be still better adapted or imllfQ\'ed; for in 
all collntri~ the nati"fC8 have been 80 fll.f conquered 
hy natumlised productions, that they luwe "lIolII·cd 
foroigllers 10 take firm possession of tho land. And 
as foreiSllers have thus iu every country beaten some of 
the llllth'os, we may safely conclude tlu\t tho nati\"(l8 
might ha\'e been modified with admutagu, 80 as to havo 
belto:r rOOsted tho intruders. 

A8 man can produce and certainly bas produced a 
great re~ult by his methodical aud UliOOllllCious means 
of ade<.-tioll, wbat may Dot natural selection e1r1..'Ct? 
Mati call act ollly 011 uterual and ,·iaible characters: 
Nature, if I may be allowed to personify the natural 
Ilre!M!rmtion or sun-h'al of the fittest, cares Ilothing for 
allpearnnce8, except in 80 far as they are nseful to ally 
being. She eUII net on every internal orgnn, on e\'ery 
shade of (.'(mstilutionai differeDIX', 011 the whole rna
rhinery of life. Man selects only for his own good j 
Nature only for tlJat of the being which she tends. 
Every selectoo charactcr is fully exercised by h(>r, 88 is 
implil'C.! by the fUlJt of their scloc1ion. Mun keeps tho 
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nati,-es of many climates in tho samo country j be 
;J(!idom oIcrcillCll each selected cha.roM.cr in 80me pecu
liar and fitting manncr j he foods a long nnd a short 
beaked pigoon on the 88me food; he does not exercise 
a long-backed or long-legged qllll(irupod ill nny peculiar 
mauner j h" e.x(Xl8O:!l shoop with long aurl short wool 
to the Balue c1ilnate. Ho does not allow lhe most 
,-igoroU9 males to struggle for the fepmles. n o does 
not rigidly destroy aU inferior animals, but protecls 
during each varying season, as far lUI lies in his power, 
all hit! productions. lie often begins Ilis selection by 
!IOmo half-monstrous form j or at ICRst by 80me modi. 
fication prominent enough to catch the oye or to be 
plainly useful to him_ Und('r nature, the slightest dif· 
ferences of structure or constitution may well tum the 
nicely-balanced acale in the struggle for life. anti flO be 
preserved. How "<!Cting are the wishes and efforts of 
man! how short his time! and consequently how poor 
will be his results. compared II-ith thOBO accumulater! 
by Nnturc during II-holo geological periods! Call we 
wondcr, thCIl, t1l11t Nature's productions should be far 
" WlCr" in charncter than man's prodnctions; that they 
sllOuld be infinitely better adapted to tho most complex 
conditions of life, and should plainly bear tho stamp of 
fllr higher workmRnship? 

It may mctnpllorically be said that natural selection 
is dBilyand hourly scrutinising, throughout tile world. 
tho slightest yariations j rejecting thOiC that are bad. 
preserying Bnd nd(ling up all that are good; silently 
and insensibly working, wheno,'er and wherever oppor· 
tunity offers, at the impro,-ement of each organic being 
in relation 10 il;! organic and inorganic conditions of life_ 
Wo 800 nothing of these slow changes in I'f'O'.;ress. nntil 
the Imnd of time has lllarked tho IBpse of ages. lind 
then so imperfect is Ollr viow into lOJlg-past geological 
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ages, !.hat we 800 only that the forms of life are now 
different from what they formerly were. 

In order that any great amount of modification in 
any part should be effected. a "ariety wilen once formed 
must again, IlCrhape after a long inten-al or time, "ary 
or llresent individual differences of the 8/lllle favour
able nature, and tlle80 must be again preflCryod. and so 
onwards step by stcp. Seeing that illJividuai ditTer
ence;! of all kinds perpetually recur, this call hardly 
be oonsidered IL8 an uuwarrantable assuUlption. Dut 
whether all this hlL8 actually taken pl300 Ulw>1. be judged 
by how far the hypothei>u accords lI'ith and el:plaius 
the general phenomena or nature. On the other haud, 
the ordinary belief that the amouut of l)()8Sibie variation 
U a strictly limited quantity u a simple assumption. 

Although natural selection can act only through and 
for the good of each bt:illg, yet cllaracten anel structures, 
which we are apt to considcr as of vcry trifling import
ance, may thus be acted on. When we 800 leld·eating 
insccts green, and bark-feeders mottled-grey; the alpine 
ptarmigan white in winter, the red-gn:nae tho oolour of 
heather, we lUu~t believe that these tints are of 8Cn-ice 
to thC8tl hirds IUId inscct.8 in preserving them from 
danger. Grouse, if not destroyed at some period of 
their lives, would iucrease ill oountlCi18 uumbef\j; tlley 
lire known to suffer hll'gely from birds of prey; lind 
hawks are guided hy eyesight to their prey-so much 
so, that on !laru of the Continent pel'llOnB are warned 
not to keel) white pigeons, as being the 1lI01!L liable to 
destruction. lIcnee natural selection migllt be most 
effectil'e in giviug the proper colonr to ench kind of 
grouse, and in keeping that colour, wIlen once acquired, 
true aud constllnt. Nor ought we to think that tho 
occasional destruction of 1111 animal of any particular 
oolour would I)rodnco little effect: we should remeruber 

II 
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how e~r;ential it ill in a Hoek of whitr- sheep to destroy 
e"\"ery lamb with the faintr-.st trace of black. W a have 
SCCII how the colour of tha hogs, wIlen feeding on the 
"pnint·root" in x'lorida, dtterminC8 whether tll1'Y ghull 
lil'o or die. In plants tho down on tho fruit and tho 
oolour of tho H('!lh are congidered by bltunists as eha
raclel'll of tho most trifling importauco: yet wo hear 
from an excellent horticulturist, Do"'ning, tlmt in tho 
Unit('(i States smooth·skinnOO fruits suffer far more from 
a beeilc, a cureulio. thau thoeo with \lo"-n; that pm'plo 
plum! suffer fill' 11lOro from n. C('rtain diseuse thau yellow 
plum~ j whereas another diseaso attacks yellow-fleshed 
peaches far more thaD thOllO with other coloured Ilesh. 
If, with all tho aids of art, thetle slight differelloe!l make 
a gr<'at difference in cultivating tha 1!C\'arnl n'lrieiics, 
fWluredly. ill a state of nature, wllero tho trees would 
ha\-o to stru~lo with other tree!! and with 0. host of 
clU:>mi('!l, such differences would effectually settle "-hiI'll 
\'ariaty, whethl'r a smooth or downy, a yellow or purple 
fle~he<l fruit, should suceoed. 

In looking at lIlallY small poinlll of difference be
t,wC('n speci('!l, which, as far lUI Ollr ignorance pennits 
us to judge, BeCllI quilo unimportant, 11'0 must 1I0t forget 
that dimate, food, &1'., may ha"\"o prod'lccd some direct 
effed. It is also neeessar~' to bear ill mind Illat, owing 
fA> the law of correlation, when ono part yariCl!, and tho 
,'ariations are accumulated tbrough natural selootion, 
other modificatiolls, often of the most ulle::&:peeI.€!I'\ nahlre, 
"ill ensile. 

A.!l we see that those variations which under domesti
cation uppear at any pnrliclllar period of life, tend to 
ret\ppe6r in tho offspring at the IIDme period i-for ill
stan~, in the shape, !liZ(', a.nd fluvour of tho &eeds of 
the many "aricties of 0111' culinary and agricultural 
plant.; in the eaterllillnr and cocoon stoges of tho \'8-
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rietias of the silkwonu; in the eggs of poultry, Ilnd in 
the colour of the down of thei r chickens; in the horns 
of our sheep and cattlo l\-hen nearly adult i-SO in a 
stnto of nature, natural !!election will be ennbled to net 
on and modify orgllnic beings nt any age, by tho nceu
mulntiOIl of "lIriutions profitnble nt thnt age, and by 
their inlleritnnoo nt 0. correspoudillg age. If it profit a 
plant to ho.l'O its seeds more Rnd moro l\'idely diS8('mi
nated by the wind, I enn see no greater diffirulty ill this 
Jx.ing effected through natural aelection, thnn in tho 
cotton-planter inereasing and improving by selcetion 
tho down in the pods on his coUon-trcc& X ntnml 
selection may modify and adapt the larra of an illl!eCt 
to a 800re of contingencies, wholly different from thOlO 
whiell concern the mature insect; nnd these modifica
tions lI1ay affl'Ct, throngh correlntion, tho structure of 
tho adult. So, eonversely, modifications in the adult 
may nffect tho structure of tho lafva; but in nil cn&!S 
natural seloction will ensure thllt thoy shllll lIot be 
injurious: for if they were so, the species would become 
extinct. 

Natural IIClcction will modify tho structure of tho 
young ill relation to the parent, and of the pllrent ill 
relation to tJlO yonng. In aocial animals it will ooallt 
the slnlcture of each indi\'idual for tho Jx.ncfit of the 
\\holo community; if thUs in collijC(juenC6 profitll by 
the &elected change, What natural IlClection canDot 
do, i~ to modify the structure of one lpe<' ies, without 
gil'ing it lilly Ildnmtagc, for the good of another spe
cies; nnd though statements to this effect may be found 
in lI'orbor natural history, I calLlLot 1111(1 olLOcfLS/llI'hich 
will benr iuveatigntioLL, A &tructuro uso:l only on('C ill 
an auillla!', life, if of high importance 10 it., lILigiLt be 
modified to any (!J[lent by natural aelection; for in
stance, tIle grellt jaws po6SC!lSed by certaiu insecta, Ulied 

n 2 
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exclusi"ely ror oJlcning the coooon-or the hanl tip to 
the beak of nestling bird" used for breaking the egg. 
It hili heen IWCrted, tlmt of tho best short,..beake<! 
tumbler-pigeons Il grellter number perish in the egg 
than are able to get ont of it; 80 tbat fanciers llSIIisl ill 
the a('t of hatehing. Now, if uature had to make the 
beak or a ful1-grown pigeon very short for the bird's 
011'11 adnmtag-e, the l)fOCCSS of modification would be 
very 81ow. and there would be simultaneously tlle m06t 
rigorous selection of nil the young birds withiu the egg, 
which hIl(I the most powerful aud hordcst beak8, for all 
with weak beaks would incl"itllbly perish; or, more deli
cate and more casily brokcn shells might be .elected. 
the thickne9!l or the shell being known to vary like 
el-ery other Blruchlre. 

Sezual Sel«li()fl. 
Inasmuch ILS peculiarities oftell appear under domes· 

tication in ono sex and become hereditarily attached 
to that sex, the same fact no doubt oceUrB under 
natnre, and if 110, natural selection will be able to 
mo<lify one sex in ilB funetionul relations to the other 
8('X, or in relation to 1I"lI01ly different habits of lifo in 
tho tll"O sexes, as is IIOmetimes the case with insects. 
And this leads me to say a fow wonl.s on what I call 
Sexual Selection. Tilis depenrls, 1I0t 011 a struggle for 
existence, but on a struggle betweell the males for pos
session of the females; tho result is not death to the 
unsn('CCSSfui competitor, but few or no offspring. Sexual 
selection is, therefore, 1e88 rigorou8 thall natural .selec
tion. Genorally, the most vigorous males, thOBO which 
lire best fitted for their placeJl in nature, will lca,'o mo:>t 
progeny. But in mallY cases, victory depends 1I0t 011 
geneml ,-igonr, but on Illning special wcapons, confined 
to the malo 8(U". A IIOflliCSll slag r)r 8pUrlCSII cock would 
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have a. poor chanoo of leaving numerous offiJprilig. 
8cJ:ull.1 BCh.'ction by always allowing tho I'ictor to breed 
might Burdy gi,'o indotDitable coure.ge, length to the 
spur, and strength to the wing to ltrike in the sllUrrod 
leg, as ill tho ca:;o of the brutal cockll.gilter, who knOlU 
wcll how to improvo his breed by,tho careful BClection 
of the i.»Jt cocks. liow low in the BCale of nature the 
Inw of battle de!ICCnds, I know not; malo alligators 
hal-O boon d(!jjCribed o.s fighting, bellowing, and \\birling 
round, liko IndiaM in a waNianoo, for the p08scs.;ioll 
oCthe femalcs; male salmolls ha,-o boon lIOE'll fighting 
all day long; male stag-beetles somctimee boor 1I0unds 
from the huge mandiblee of other males; tho malcs of 
C('rtain hymenoptcrollll ill.SCCta hal'e been frequently 
seen by that inimitable obsen'er M_ Fabre, lighting for 
n particular female, who Bits by an apparently uncon. 
cerned beiloldC!r of the struggle, and then retiree with 
the conqueror. The war is, perhnpt'!, 80verest between 
the mules of llOlygo.moU8 animals, nlul the80 8O(!1l1 oftenest 
provided with specinl weapons. 'rho males of car
nh'Orow animals are already well armed; though to 
them and to others, special means of defenco may be 
given through means of 6e:tual selection, as the mlUlO 
to the lion, and the hooked jaw to tho male salmon; for 
tho shield may be as important for viclory, as the 
sword or spear. 

Amongst hims, the contest is often of a more peaceful 
charaeU!t. All those who ha,'o attended to tho subject, 
beliel"a that there is the 8ererest ril"alry between tho 
mtUC8 of Illany species to attract by singing the femalC8_ 
Tile rook-thrush or Guiana, birds of ParadiS(!, and some 
otllCrs, congregate; alld successi\"e malea di~Jllay their 
gorgeons plumab'C and perform lIImnge antic!! before the 
female;., which, standing by o.s spectato"" at lo.st choose 
tho mOitt attracti,-e partner. Thoee who ba\"o closely 
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attended to bini8 in confinemcnt well know that tllcy 
afton tuko in(lividual prcfcrencOiI and disl ikes: thus 
S ir It IIeron hlUl detlCribed how ODO pied ]K!tlcock II"IUl 

eminently tlttracti,e to all hiJJ hen him I cannot 
here enter on the neet.':8Sary dt'taila; hut if man can 
in a short timo giyo elegant carriage and beauty to his 
bantAms, aeconiing to hie standard of beauty, I ('fl.U see 
lIO good reason to doubt that fomale birds, by 8clecling, 
during tllOlUlLllds of generations, tIlO most melodioua or 
beautifuJ malC!l, acconiing to their standani of beauty, 
might produoo a markod effect. Some well-known 
laws, with respect to the lliumage of malo and female 
bird~, ill comparison witll the plumage of tho young, 
can bo explained through the artion of sexual selection 
on variations occurring at different ~<>es, ami being 
transmitted to tho males II10no or to both sexes at a 
corresponding ~<>e; Lut 1 have not s:paoo hero to enter 
on this subject. 

Thlis it is, fill I bclienl, that when the males and 
r,'males of any animal have the same general habits 
of life, (JUt differ in structure, colour, or ornament, such 
diffefCnces ha,'o been mainly ('fl.useJ by sexual selec
tion: that is, by individual males having had, in suc
ces~ive genen'lliolls, some slight ndmntage over other 
mllles, in their weapons, meaus of defence, or charms; 
and llftving transmitted these advantages to t heir male 
offspring. Yet, I wouJd not wish 10 attrihnte an such 
Bel:tUIl differcllce8 to this ageney: for we see peculi
arities arisillg and beooming attnched to the male sex 
in our domestie animals (as the greater develop
ment of the waltle in male cnrrier-pigcons, horn-like 
protnUernllc08 in certain fowl!\ &e.), which arc in 110 

way useful. ' Ve see analogous cases under nature,
for instance, the tuft of hair on tlle breast of tho turkey
ooek, n-hich canuot be useful ali(I can hanily be oron-
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mental ;-indooJ, bad the tuft appeared under domf:6ti
cation, it would hal'e been called a lnollstrolJity. 

lll/Uirafio", oj flu! Action. oj Nalural Seketion, or til, 
SlI.nit'al OJtM Filleat. 

In order to make it clear how, IU 1 believe, natuml 
seleetion acts, I must beg permission to gil'o oue or two 
imaginary illustratiOIls, Let us tako tho CIl80 of a wolf, 
which preys on l'nriOIiS animals, securing some by craft, 
some by atrcngtll, and sowe by f1cctntlU; llud let U8 
SUJlJlO1lEl that tlle fleetest prey, a doer for instance, had 
from filly chango ill the country iucrca.;ed in numbers, 
or that other ]lrey had decreased in numbers, during 
that!lcasonoftbe year 11 hen the wolr Willi oordeflt Ilre&eU 

for food. Under such circllmstanOO8 tho swiftest. and 
slimmest woh'ea would have the best chance of sur
"i\'ing, and BO be presen'oo or aelectod,-pt()\'ided 
always that they retained strength to IUlI8ter tllcir prey 
at this or at BOIllO othor period of tho year, when thoy 
might be compellod to prey ou other animals. I eall 
800 no more fCll.IJOli to doubt this, than that man can 
improl'O tho f1ectuCS!! of hiB greyhounds by careful and 
methodical selection, or by uuoollscious selection which 
I'O>iulu from each mall tryillg to koop the best dogs 
... ·ithout. any UlOught of modifying tho breed. I Inay 
add, tilat, IIOOOrdilig to Mr. Pierce, thero are b'o 
"arietiea or the wolf inhabiting the Catakill l[oulltains 
in tho United States, olle with a light greyhound-like 
form, whieh pursuos doer, and tho other more bulky, 
witli shorter legs, which more frequontly attacks ille 
shepherd'sllocka. 

Jt should be obaerl'ed that" ill tho ahlwe illuatrotioll, 
1 speak of thoslillllllcst. individual wollea, lind Ilotof any 
sillgle strollgly.markod va.riation luning boon J1te6etl·oo. 
In former editiOU8 of this work I 80metiwCiI spoke as it 
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thill latwr altemath'e had frcqu<.'ntly occurred, I !IIlw 
the great importance of individual diiferenc('lj, and this 
led mo fully to discuss the rcwltIJ of unconscions se
lection by man, which dcpemls on tbe pretlCfl'ation of the 
betteradaptoo or mOTOvalllable individuals, and On the de
stnlction 01 the worst. I !IIlW, also, that the preserl"atiou 
ill a state of natllr<lof anYOCCll.siollal deviation ofstrue
lure, such as a mOllstroaity, would be n rore event; and 
that, if presen'oo, it would gellemHy be lost by subse
quent interel'06l!ing with ordinary indil'iduals. :Never
thelCi:lll, until rending all ablo and I'aluablo article in the 
'~orth llritish Heview' ( IB67), l did not appreciate how 
rarely single variations, whether slight or strongly
marked, oould be perpetuated. The author tak('lj the cnae 
of a l)fIir of animal"" which produre during their life
time two hundred offspring, of which, from variouscaUlle!l 
of destnlction, only two on an M'emge sun'iI'e to pro
create their kind. This is rather an cxtreme estimato 
lor moet of thc higher animals, but by 110 means so for 
lIlany of the lower organism!!. He then shows that if 
a single individual were oorn, wllich varied in some 
manuer, giving it twice as good a chance of lifo 88 that 
of the other iudividuals, yet the chanCCll would be 
strougly against its survil·al. Supposillg it to Hun-h'e 
and to breed, aDd that halt its young inheritoo the 
fl,,'oumblo \"ariation; still, 88 the Uc\-iell'er goes on to 
show, the young would hll,.e only a slightly better 
chance of sUTl-iving and breeding; and this chanee 
would go ou dccrea&i.ng in the 8uct"tlcding generations. 
Tho justice of these remarks cannot, J think, be disputed. 
If, fOf instauct', a bird of some kind cou ld procure its 
food more e!LSily by having iii! beak ClIfVed, and if one 
were born with ita beak strongly cnn'ed, and which 
consequently liourished, nel"ertheleBil there would be a 
very poor chanoo of this one illCli,.idual perpetuating ita 
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kind to the cxcius..ion of the common fonn; but there 
can bardly be a doubt, judging by ... hat we lICe tltking 
plaoo under tlomClltieation, that this remit would follow 
from the preM!rYatioli during many gCllcratione of a 
large number of iudhiduaLi with more or lese cnn'ed 
beakl\ aud from the dc:;truction of a stilllargcr number 
with the straightest beaks. 

It should not, howelw, be o\'crlookc.:l that ecrtaiJ\ 
"ariatiou8, ... llicll no one would mnk as mCN) individual 
differenccs, frequeutly recur oIling to a ~Illilar organ· 
isation being eimilarly acted Oll,-ofll'hieh fact IIUDICroUS 
instancee cou ld be gi,'en with our dom~tic Ilroductions. 
In such cases, if a ,'aryiug individual did not actually 
trnnsmit to ita off'pring its newly-acquired character, it 
would Ulldoubtedl y transmit. WI long 8iI the existing 
couditions remained the same, a still stronger tendency 
to ,'ary in the same manner. 'l'ho conditions might 
indeed act in so cnergetic and definite a manner Ill! to 
lead to the samo modification in all tim individuals of 
tho species without the aid of selection. But wo lIlay 
suppose that the collditioll~ Bufficed to affcct only a 
third, or fourth, or tenth part of tho individuals; and 
.scl'eral such CI\SC!J could be gi,'cll; for iustallcc. it has 
beeu estim4ted by Graba that in the }~aroo Islands about 
one-fifth or the guillelllotll, which all breed together, 
collsist of a well-marked ,'ariely; alld this was formerly 
ranked lUI a distinct species under the namo or Uris 
lacrymaas. 1\011", in such cases, if the ,'ariatiollll'ero 
of a Ltnefleial nature, the original form would soun 
be sUPJllantcd by the modified form, through the 
sur\'il'al of the fittcsl 

With referenoo to the effects of intctCro&iing and of 
competition, it SiIOUld be bonle in mind that most 
animals nnd plallt8 keep to tLeir proper homcs, and do 
IIOt needJe&I)' lIaudt;r about; "'0 see this enm with 



106 lLLUSTItATIOYS OF THE ACTIO:; OF CII.l".I\', 

migratory birds, wbich almCMit alwa)'l return to the same 
ditstrict. Con,oequently each newly-formed "ariety ..... ould 
generally be at first local, as seems to be the common 
nile wilh I'lIrif'ties in a stllte of nature; 80 tbat. llimi
larly mOllified indi,'jl1uals would 80011 exist in p. small 
body together, and would oftcn brood togcther, If the 
new I'arirly was successful in its battle for life, it would 
slowly sprend from 0. central spot., competing ..... ith alld 
(>()n~n('rjug tlle une1allge<\ indil'idua1s on the margins 
of lUI orer-increasing circle. But to the subject or 
intcrt"l"08I!.ing ..... e aMn Illwe to return, It may be 
objected by those who 18\'0 not attended to natural 
history, that tbe long-continuoo accumulation of indi
"idual dilTer"Cnce8 could not gil'e ri80 to perla or orguns 
which eocnl to us, and are often called, now, But, as we 
shall hereafter find. it is difficult to ad"anco any good 
instancc of a really now organ j ol'en 110 oomplox and 
perf~t an orgun u.s the eye call be shown to graduate 
downwards into mere tissuo 8Cllsitil'e to diffused ligil i. 

It lIlay be wortIl while to gil'o another and more 
complex illustration of the action of natural selection, 
Certain plants excrete sweet juice, Ilpparently for the 
sake of eliminating IIOmething injurious from their sap: 
thiB is etrecte'l, for insronce, by glande at the base of 
tbe stillUl1!ll in IIOme LegumipOIlll', aud at the backs 
of the lea"1!11 of the common laurel. 'l'hia juice, though 
small in quantity, is greedily &Ought by insects j but. 
their "i"its do not in any wny benefit the plaut. Now, 
let U8 suppose that the juice or nectar 11"118 excreted 
from tile insido of the fiowera of a certaill number of 
plAnts of any species. Insects in seeking tho nectar would 
g<!t dusted with IJOllcn, aud would certainly ofteu trans
port it. from one flower to another. 'l'he flowers of two 
dj,;tiuct indi"iduals of the SIlrno spceiet would thus get 
cl"08llOd j and the act of crossing, 118 we wWo gool rea-
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IOn to bcli<we, would produce "igorous aoedlings. which 
consequently would have the best chance of flourishing 
and surviving. The plants l'I'hich llroducOO flowers 
with the largest glands or neclariee, excreting most 
nectar, would oftcnest be visited by insects, and would 
oftenest be crossed ; and so ill the long-run would gain 
tho upper hand and form a local l'Uriety. Tho flowers, 
!llso, which llad their stamens and pistils placed, in 
relation to the Bize and habits of tho particular iusect 
which visited theu" so as to fal'our in any degree tho 
tranaportnl of tIlO pollen, would likewise be fa.oured. 
We might have taken tho case of insects visiting flowers 
for the IIfIke of collecting pollen instead of nectar; and 
as pollen is formed for the sole purpo!IC of fertilill8tion, its 
dC8tnlction appears to be a &imple 1088 to the plant; 
yet if a little pollen were carried, at first occasionally 
alld then habitually, by the pollen-do,'ouring inseets 
from flowe r to flower, and a cross thUB effected, although 
nino-lentIlS of tho pollen were destroyed, it migM still 
be " grellt gnin to tho plant; and tho indh'iduala which 
llroduoed more and more pollen, aud had larger anthers, 
would beaelcctOO. 

When onr plant, by the ahove proceea long continued, 
had been rendered highly attracti"e to insects, they 
would, unintentionally on their part, regularly carry 
pollon from flower to flower; and that they do this 
effectually, I could eMily sholl' by Ulauy striking facts. 
1 will gi,'e only one, as likewise illustrating onaMep in 
tllo soJlarntion of tho se.1C!1 of plants, Some llOlly-trces 
lxoar only malo flowers, which Imvo four stamens llro
ducing a mther small quantity of pollen, and a rudi
mentary pistil; other holly-tl'CC8 bear only female 
f1oweN!; these Im\'e a full-s.izCtI pistil, and four stameus 
with 8ilrh'clled antllers, in which not a grn.in of IJOlIeli 
cau be detected. Haring found a female tree nactly 
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sixty yanla from a male tree, I put the aligmas of 
twenty flowers, taken from different branches, under 
the mif'l'08COpe, and on all, without exccption, there 
were a few pollen-grains, and on some n profusion. As 
the wind had set for 8everal day8 from the female 
to the male tree, tho pollen could not thus have been 
carried. 'rho weather had beel) oold ond boisterous, 
and therefore not fal'ourable to bees, nevertheless every 
female flower which I examined had been effectually 
rertili>iCd by tho bees, which had flown from tree to tree 
in IJCarch of Ilectar. But to retnru to our imagiuary 
ease: as 800n WI the plant had been rendered so highly 
attractive to insects that pollen was n:!gUlarly carried 
from ilowt!r to ftower,auother process might commence. 
No naturalist doubts the advantage of what hll8 heen 
calied the" llhysiological di,-ision of laoour;" hence 
we may belicve that it would be ad"antageou8 to a 
plaut to produce stamens alone in one flower or on ono 
wholo plant, and pistils alono in another flowcr or on 
another plant. In plants under culture nnd placed 
under new conditions of life, sometimes tho !Dalo organs 
and 8OZlletimColl the femalo organs become lnore or less 
impotent i now if we suppose this to occur in ever 80 

slight a degree under nature, then, as pollen is already 
carried regularly from flowcr to flower, and ILl a more 
complete separatiou or the sexes of our Illant would be 
advantageou.s on the principle of the division of lAbour, 
indi,'iduals with this tendency more and more incfL--ased, 
wonld be continually favoured or selected, until at last 
a complete separation of tho 80xes might be effected. 
t~ would take up too much spaee to ahow the various 
stope, through dimorphism anu other mea us, by which 
the IICparat ioll of the sexes in plants of "arions kinds is 
appMently now in progress; but I may add that 80Ille 

of the species of hoUy in North .lmerica are, according 
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to Asa Gray, in an intermediate condition, or, a8 he 
e%pressel! it, arc more or less diwciouilly polygnmotIB-

Let us now tum to the nectar-feeding inae<:tlI: we 
may suppose the plllnt, of which we hln'o been slowly 
increflSing the nectar by continued selection, to be a 
common plant; and lilat certain insects d!'IJended in 
main pIlrt 011 its lIectar for food, I could give many 
facts. showing how anxious bi'ell aro to 8IIVO time: for 
instllnce, tlu:ir habit of cutting holee and sucking the 
lIectar at the bases of certain flowers, IIhich they call, 
with a ,'ery little more trouble, enter by the mouth, 
Bearing luch facis in mind, it may be believed that 
under ccrtain circumstanCCl indi,'idual differences in 
the cun'ature or length of the proboscis, &0" too slight 
to be al)preciated by us. might 11rofit a bee or other 
in!JCCt, 110 that certain indh'idllllis would be able to 
obtain their food more quickly than others; nnd thus 
the communities to which they belonged would flourish 
and throw off many swarms inheriting the same IJecu
liaritiCA. The tubca of the corolla of the common red 
and incarnate c1ovors (Trifolium pmten80 nnd iucar
natum) do not on a hasty glance aplJear to differ in 
length; yet the hive-bee call easily suck the nccmr out 
of the incarnate c1o,"er, but not out of the COmmon red 
clo,"er, which is visited by hnmble-bees alone; 80 thllt 
whole fields of the red clo\"er in "ain offer all aLundant 
supply of precious nectar to the hive-bet>, That this 
nectar is Ulilch liked by tho ilh'e-ooe is certain; for 1 
ba\"e repeatedly seen, but only ill tho autumn, Ulauy 
hivc-hoea sucking tlie flowcrs through holes bitten ill 
tho bn~ of tho tube by humble-bcc:s. Tho difference 
in tl10 length of tho corolla ill the two kinds of do\"er, 
which dC\l'rminos the yisils of the hive-Lee, U1lL;t be 
,"ory trifling j for I ha\'e been assured that when red 
clover htl.$ been mOWD, tho flowers of lhe 8Cl:ond erop 
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are IIOmewhat smaller, and that thcsn arc "i~ited by 
many hivc-bces. J do not knolV whether this statement 
is accurate; nor whether another Jlublished slate
m€'nt can be trusted, namely, that the Ligurian bee, 
which is gi'uerally considered 11 mere I'ariely find 
wllith freely crosses with the common hive-bet>. is able 
to reach and suck the nectar of the common roo dover. 
1'hus, in a oountry where this kind of clover nbounded , 
it might be a great admnta",rrc to tho hil"c-bco to h.n-c 
a slightly longer or differently constructed probosris. 
On the other haud, lUI tho fertility of this clover abso
lutely depends on heel! visiting tho OowcrJ, if humble
beet were to become rare in any country, it migllt be a 
great adv8ntllotr(l to the plnnt to hMO " ahorter or more 
dccply divided corolla. so that the hive-bees should be 
induced to suck its flowc\'!!, Thus I Cfln understand 
how a flower and a bee might alowly herome, either 
simultaneously or OM after tho other, modified alld 
ndnptoo to each other in tho mOf!t perfect mauner, by 
tile eontinuod preservation of all tho indh'idnnls which 
prcecntcd sl ight dO"iat ions of structure mutually favour
able to each other. 

I am well aware that Ulis doetrino of natuml selcc
liou, cxemlliified in tile above imaginary iustances, is 
open to tile Bame objections whieh were at first urged 
against Rir Charles Lyell's noble "jews on "the modcrn 
changes of tbe earth, as illuslmtive of geology;" but 
we 1I0W seldom hear the agencies still at 1\'ork, spoken 
of as trifling or insignificant, when applied to tho 
excnvation of tho deepest vRlIoys or to the formation of 
long linca of inland cliff& Natuml selection ncts only 
bytbe preservation Rnd accumulation of BllInll inli('rited 
modiflCiltious, each profitablo to tho preserved being j 
and as modcrl' geology has almOllt banished slich ViClfS 

as tho excavation of a great "Riley by a single diiu"inl 
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\l'1\.e, 10 will uatnml IIl'ledion, if it be a InlO prineiplc, 
bnnish the belief of tho continued crentiOIl of ncll' 
organic beingi', or of nny grent aud sudden modificauou 
in their structure. 

On 1M Inie'rC'r()I!Jitl!J of Individual •. 
I must here introduco a abort digression. J n tho Cf1S6 

of animals and plants with separated .seXClO, it is of course 
obvious that two indiyiduals must ahlilya (with tho 
Clceptioll of tho curiOIlS and not wcll-understood eaBCS 
of parthenogcne~is) unite for each birth; but in tho 
easeofherruaphrodites this is far from ob,·ioIlS. No,·ur. 
theless there is rellS(ln to beli(H'o that with nil Lerma
phrodites two indh'iduaLe, either occtuIionally or hllbitu
Illly, concur for tho reproduction of tlleir kind. This 
"iew W/U! first suggested by Andrew 1\uight. We sll(lIl 
llresentiy I!OO its importll.lll'o; Lut 1 must here treat the 
snbjed with extreme bre\·ity. though I ha\'O the mate-
riah prepared. for an ample discU$Sion. All "erteomw 
Ilnimnla, all inae."ts, and some other largo gronr16 of 
animal!', pair for each birth. :iUodern f{:lICarch has 
much dimillislloo the number of auppo.lCd hermu_ 
phroditea, and of real herllllt.phroditcs a largo lluUL\.;cr 
pair; that is. two individuals regularly unite for repro
duction, which is all that concerns us. liut still there 
lire IIlllny hCrlllllphrodito animals which certainly do 
llot Imbitually pair, and 1\ \'ast majority of plants nre 
herrunphrodite8. Whnt reason, it may be aske(~ is 
thero for supposing in these cases that two individu/lis 
ever concur ill reproductio'l? As it is irup()!;sil>le here 
to enter on details, I must tru~t to 80100 gencml 
con~idera.tions /llone. 

In the first plnce, r IlllVO colk'Cted 80 ]nrgc n body of 
facts, showing, in aCCQrdnlloo with the almoo;t unilen;lli 
belief of breede-N, that with nnimals and plauts /l erUl!S 
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hetll'llCn different "l"arieties, or between in'tiviriual, of 
the samn vnril'ty but of another 8train, gi,'("J vigonr nnd 
fertility to tllo offspring; and on the otlier Imnd, that 
eTa. int('rbreeding diminishes vigour and (ertility; tbat 
thf'!O(l fB('t11 a10no iucline me to belirl'O thnt it is a 
general law of nature that no organic being fCrtili'ms 
itllelf for a perretuity of generations; bnt that a efOSS 
with another indil'idllal is occasionally-perhaps at long 
interl'al, of time-indispensable, 

On tho b<!lief that this is a law of nntnl'(', we can, I 
tllink, understand l!everallarge das.Q of farta, such as 
the following, which on auy other view aro inexplicable. 
Every hybridizer knoW3 how uuflll'ourable cll>O!'lIre to 
wet is to the fertilisation of fI. Rower, yet whllt a multi
tude of Rowers ha"l"e tlleir anthers lind stigmAS fully 
Clp080d to tho wcather! If nil. occasionfll el'Oll8 be ill
dispensable, notwitll~tanding thllt the plnnt'sown aut hers 
and pi~til stand 80 nenr eaeh other as almost to ensure 
self_f{'rtil i ~ntioll, tho fullest f\'('edoll\ fOl- tho entrance of 
pollen from anothrr indil-idnal will ('xpJain tho alx)\'e 
state of exposuro of the orgA.ns. MallY Row('1'S, on 
tho oth(!rhA.1ld,ha"l"othcirorgans of fru('lificntioD closely 
enclos('d, as in tho great pnpiliollaceous or 1X'II·family; 
but in mOl!t of these flowcrIJ there is a cliriollS ao:lapla
tioll beb'e .. n their structure and the nllUlner iu which 
beeR su(!k tho nectar; for, in doing thi~, they either 
llush tho Rower's own poll(,11 on til(' stigmn, or bring 
pollen from anoth('r flower. So ne~-~</\ry nre the visits 
of bees to many papilionaceolls Row£'flj, that I hal'O 
found, by experiments published (,J,<ewliere, thnt their 
fertility is grently diminished if thes/! visit8 be pre
vented. Now, it is scarocly p<lIl8iblo that hccs should 
fly from flower to flower, alld Ilot carry pollen from one 
to the other. to the great good, 118 I Ix>lieve, of the 
plflnt. Beea will act like a camel-hair IK'ueil, and it is 
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quite sufficient just to touch the anthers of ono flower 
and then tho ~tigtll!l. of Rnother with the 8111110 Lrusil 
to enllure fertiiill!ltiuu j hut it must not be lItiPpoll(!d 
that bees would thuB produoo a multitude of hybrida 
between distiuct 8pecies; for if you hring ou the sallle 
brush 11 plallt'll own pollen and llOllen from nnother 
8pecies. the former will have 8\1ch a prepotent elT ... 'Ct, 
that it will illVllriably aud completely destroy, liS hll.lJ 
beeu shown by Giirlner, any iunuen(..'e from tho foreign 
)Xlllell_ 

When the stamenll of a flower suddenly spring to
wards the pistil, or slowly mo\'e one after the other 
towards it, the contriviUloo.seem8l\dnpted solely to CIl

eure self-fertili.oation; nnd 110 doubt it is useful for this 
end: but the ageuoy of insects is often rcquirt'tl to 
cause the BwmellS to spring for\\-ard, as liolreutcr hM 
shown to be the case with the borherry j and in this 
"cry genus, which 1JI..'e1llS to have A. special contri'-anee 
for Ildf-ferlili~utioll, it ill well known that, if elOliCly
allioo formll or vnrioties are planted Iloor eaeb otller, it 
is hardly possible to raise pure aecdlings, so bu-gel), do 
they naturally crOM. In many odler CI1SClI, far from 
there being any aida for self-fertilisation, there are 
8pecial contrimnCCtl, IUj I could bhow from the writings 
of C. C. Sprcngel and from Illy own obscrmtiolls, whieh 
cll'octually prevent the stiglllll receiving pollen from its 
own flow:Jr: for instance, in Lobelia fulgeJl!, there ie 
a roolly beautiful I\nd elaborate contrivance by which 
all tile infillilc1y numerous polh:n.granulee are SWCllt 
out of the conjoined t\llthel'$ of oooh flower, before ilie 
stigma of tbnt indi\'idunl flower i8 rend)' to n'CCh-e 
them; and 11.8 this flower ill never ,·iaitcd, at Icrut in 
Illy b'1lrden, by in8t.'Cts, it never 11018 n seed, though by 
plac:ing pollen from olle flower on the stigma of IID
other, I ruised plenty of .secdIings; and whilst another , 
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species of Lobelia growing close oy, which is visited oy 
bees,.seeds freely. In very mallY other Ca8CS, though 
there be no speeial mechanical ooutri,·anoo to prevent 
the sti~,..ma of a OOIlW receiving ita own pollen, yet, as 
C. C. Sllrcngcl hall ShOWII, and asl can CQnfirn1, either 
the anthers ourst oofore the stigma is ready for fertilis
ation, or the stigma is ready before the pollen of that 
Dower is ready, 90 that these plants !uu·e in fact sepa
rated ~J:C8, And must habitually be crossed. So it is 
with the reciprocntly dimorphic and trimorphic Illanta 
]lro,·iously alluded to. How strange are tlll!8e facts! 
]fOil' IItrange that tIle potlen aud IItigmatic surface of 
the 8Ilmo flower, tbough placed. 80 close together, as if 
for tllc \'cry llurposc of self-fertiliSlltion, should in 80 
manyellies be mutually usc1el!8 to Ctl('h othl'r! lIow 
simply aro these (Bell explained on the vicw of an 
occasional CI'OiIS with a distinct indh·idual being advan
tageous or indispensable ! 

If IlCH:!ro.l yaricties of tho eaLooge, radish, onioD, 
and of 80me other plants, be allowed to soro near each 
other, a large majority, 88 I hM·e (ound, of Iho seed
lings thus raised will tum out mongrels; for instance, I 
raised 23:$ BOOdIi.ng eaooogcs from some plants of dif
ferent VArieties growing noor elWh other, and of these 
only 78 were true to their kind, lind !lOme eYen of these 
were not perfectly tme. Yet the pistil of each cabbage
flower ill surrounded not only oy its Oln} six stamens, but 
by tllOse of the many otller flowers on the same plant j 
and the pollen of each flower readily gets on il.9 Own 
stigma without insed.-il.gcncy j for I hlll·e found that a 
lllant carefully protected l'rodUClod tho full number of 
pods. HOll', tben, comes it that auclt a YIIst number of 
the seedlings are mongrelized? 1 suspect thnt it lIlust 
arise from the pollen of n distinct t'Uriety baving a pre
potent effect over a flower's own pollen; and that tbis 

(C) Tho> Co molete Work of Charles Derwin Online 
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is paft of tbo general law of good being derived froro 
the intcrt'fONiug of distiuct. individual!! of tbe sarno 
species. Whcn distinct IJpeda are e.roosod the case is 
directly Hie fC\'erse. for a plant's olm pollen is almost 
always prepotent o\'er foreign pollcn; but to tbis subject 
W6 shall return ill a future chapter, 

1n the CCI8e of a. largo tree co\'cred with innumerable 
flowers, it Illtly be objected thllt pollon could scl(iom 
be carried from tree to tree, and at most only from 
flow'or to flower ou tho sarno tree, and that fJowcr6 on 
tllo same tree can be cou.sidered as distinct iudi\'idnals 
ollly ill a. limited sense, I beliere this objl'Ction to be 
,'alid, Lut tbat Ilatnre bas largely proyided agaillbt it by 
giving to treeg a strong tendency to benr flnll-crs with 
separated sexes.. When the sexcsare separated, although 
the malo and female flowers may be IlfO<iuecd ou tho 
samo tree, W6 can see that pollen must be regularly 
carried from flowcr to flower; and thii! will g1\'O fI oolter 
chanco of pollen being occasionally carrie<l from tree 
to tree. 'fhat trees belonging to all Orders lla\'o their 
8f:XOS more often separated than other plnnt!!, I find 
to be the case in this country; and at my request 
Dr. Bookcr tabulated the tl'OO8 of New Zealnnd, and 
Dr, ABa Gray thOllO of the United StatCtl, and the result 
WIUI 88 1 nnLicipoted. On the other Imnd, Dr, Hooker 
lias recently informed me that he finds that the rule 
dues 1101. hold in Australia; and I 1I",'e made theM fCIf 

remarks on tho 8CXCS of trees simply to call attention 
to thc8ubjcct. 

'fuming for 0. \·ery brief apace to animals: on tlw 
11111(\ there aro some hcrmflllhrodite~, as land·mollusca 
and carth.worms; bllt these all lmir, Aa yet I ha\·o 
not fvund n single case of a terrestrial nnimnlll'hich fer
tili..ce it..elf, We can nndefi'tallil this fl.:markahle fad, 
which offen 80 strong 0. contrast with tcrre..trial plnnts, 

,2 
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on the view of an O('('ft!lional CI'OS.'J being indi~pen!!flblet 
hy oon~idering tho mMium in which tcr""'trial animals 
live, and the natuM of the ferti!i~ing elcmt'ntj for we 
know of no mcan~, analogous to theaetion of insects and 
of the wind in the rase of plsntll, by 11'hi('11 an oceruoional 
('ross eQuId be elT(l('ted with terrestrial nnimah without 
the ooncurrenco of two indh·iduals. or aqnatic animals, 
there are many IIClr.fertili~ing hermaphroditc8; but here 
cnrrents in tho wal£>r offer au obvious meana for an 
occasional cross. And, as in the case of f1owel"', T have 
fl8 yct failed, finer COn~lIltation with one of the higll('St 
authorities, Ilamely, ProfellSOr liuxley, to disoover a 
single case of an her,nal)llrodite animal with the organs 
of reprodu('tioD so peneetly enclosed within the body, 
that arcess from without and the OCCIl~ionnl inflnrnce of 
a di~tinct indh'idllal can be shown to be physically im
possible. Cirripro<'i long app<'ftred to mo to present a 
(>MO of \'ery great difficulty under thi~ point of view j 
but I have been enabled, by n fortunato ("hallce, else
wh('re to proYO that two indil' iduuls, though both are 
lli'lf-fertil ising hermaphrodite~, do IIOmetim&l cross. 

It must have ~tnwk mOllt naturalists as a strange 
anomaly that, in tho case of both flnimals and plants, 
species of the RUllO family and e,'en of tho 8IIme genus, 
though agreeing C\O!'Cly witb each oth1'r in almOO't their 
whole orgnnisfltion, yet are not rarely, somo of them 
hcrmaphrodite~, nnd some of them nni~('xnal. But if, 
in fact, all hermal'hroditf's do occasionally intercross 
with other indivi(lnnl~, the difference between llcrma-
phrodites oud nniliC1Hllli Bpecie..'\ as far 88 function is 
concerned, becomes yery small. 

From th('SC8(lv('ral fimsiuerations anrl {rom the many 
special facta which I hO\'e oollect..-.d, bllt which 1 am 
not here able to gin', l 'lln strongly inclined to suspecf, 
tlUlt., both in tbc ,'egctnble and animal kingdoms, an 
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OOCfIBional intcrcro;;s with a distinc~ indil'iolual is ala1\' 
of nature. 1 am well aware that thcre arc, on this 
view, Jllany C88C8 of difficulty, some of \\'hich 1 am 
trying to inve;;ti~"8te. Finally theil, 11'0 may ooncllide 
that in many ol"b"8uic beings, a C\""06.1 betw~m two indi
viduals is an obl' ious necessity for each birth; in many 
others it occurs perhaps only at long illternl.l8; but in 
Ilonc, lUI I 811Spect, call self-fcrtilisation go on for per
petuity. 

Oireumflancn favourahle for fl~ producUQII of new 
form. tl.rough Natural Sehctjqfl.. 

This is lUI extremely intricate subjOd. A great 
amount of yariability, under which term individual 
differences are always included, will c"ideutly be 
fa\·ourablc. A large number of ill<iil"idllals, by gil'iug 
a better chance for the appcanlnC6 of profitable I'aria
tions within any gil'cn period, will compcusate for a 
lesser IlUlount of mrinbility ill cach indiliolual, and is, 
I belic\'c, an extremely important clClllcnt of SUcce8!l. 

'though Natnre grants long periods of timo for tho 
work of natural selection, silO docs not grant an 
indefinite period j for as all organic beings are striving 
to seize on eneh place in the economy of natnre, if any 
ouo species docs not become modifiQ(1 and imllrol"ed in 
a (;orrt'l!ponding degree lIith its ('"Olnpctitof!!, it will be 
extcrminntOO. Unless fa.l'ouruble variations be inherited 
by sollie at loost of the olT~pring, IlOthing can be effected 
by natural selection. The tendellcy to J"(ll'ef!!ion may 
often check or prel"ent the work j but as this tcndcm.:y 
has not Ilrcl'cntcd lUan from forming by selcction 
numcrouB domcstic races, why should it prcvuil against 
naturalselcction? 

In tho case of methodical selection, a breeder aclecta 
for BOme definite object, and froo intcrcrossing will 
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wholly stop hi.! 1\"Ork. Bllt wheD many men, without 
intending to alter tho breed, have a n('llrl~' common 
standanl or perfection, and all try to procure and bn'ed 
from the be~t animals, much impro\'emellt IIUtely bllt 
IIlowly folloW8 from this uncoll8("ious procCl'!of ~Iectioll, 
notwithstanding a largo amount of cl"068ing with inferior 
nnimalg. i'hull it will be in natufC j for within a ('(Ia· 
fined area, with !lOme place in its polity not perff.:dly 
occtlpied, naturniseleetion will nlwaystelld to presen'o 
all the individuuls ,'aryiugin the right direction, though 
in dirrerent deglffS, 80 IIiJ better to flU up the unoc
cupied place. But if the area be very Itu'ge, ita Eel'ernl 
eli:;triel8 "ill almost certainly Prel'ellt different condi
tions of lifo j and then, if the snme sp<'eil'e undergoes 
moditlrotion ill different parte, tho newly.fonned l'/lrietietl 
will inten:'f'06!I on the conflnetl of I'a('h di~trict. But we 
sllall I!IC(l in the scventh chapter that intermediate 
varietif'St inhabiting a!l intermediate district, whether 
tllO reBult of the crossing of other I'arietie!l, or originally 
fotlno£! with all intermediate character, Ifill in the lOllg 
nm gellerally be supplanted by one of the l-Brieties un 
either hand. Intererossing will fltred thoec onimals 
most which unite for eoch birth and waneler much, and 
which do not breed lit a TCry quick rate. Hence with 
auimals of tlli.! nature, for in,;tance binl~, varictiu will 
generally be confined to separated rountricsj and this 
J fiufl to be tho case. With hennaphrodite organisms 
"llich Ct06S only occasionally, and likewise with animals 
which unite for each birth, but which wander little lind 
can increfl.S(l at II very rapid rate, a now and improved 
VAriety might be quickly formed on anyone spot, and 
might there maintain itself in Il. body And afterwards 
spread, 10 thnt the crossing would be chiefly between 
tho individuals of the new l'IIricty lil'ing together in 
the I!IBme plaoe. On this principle, nllrlCrymcn always 

Th ... Cl"lmo1ete lork of Ch"rI ~ r 
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lwcfl"r 83.ving seed from a largo body of )llants, fLS the 
cbanoo of intercl'08l!ling is thus IC88Cncd. 

E"l"nfJn the case of animals whicb breed slowly 
and nnite for each birth, we mllst not fI!Snme tbat the 
effccb! of nalnral selection will always be immediately 
overpowered by free intercroesing j for I can bring a 
considerable body of facts, showing that wi thin the 
Mme area, varieties of tLeMme animal may long remain 
distinct, from haunting differeut stations, from breeding 
at slightly different seasons, or from mrieties of the 
I18mo kind)lreJerring to pair together~ 

Intercl'088ing )l]aY8 a "ery important ])fIrt in nature 
iu kcclling the individuals of tho same speciea, or of the 
same "ariety, true and unifonn in eharacter. 1t will 
oh"ioullly thus act far more efficiently with those 
animals which unite for each birth; but as already 
stated we have reuS(l!\ to belie I'e that ~a8ioual inter
crosses take pllW6 with all animals and witll nil plants. 
EW!II if thesu take )llnco ouly at long intervals of time, 
the young thus produced will gain 80 much ill vigour 
and ferti l ity over the offspring from long-continued 
self· fertilisation, that they will have a better chance of 
snn'j,'illg and propagating their kind j and thus, in the 
long run, the in8ueuoo of intercrosses, e,'en at rare 
illtenals, will be great. If thero exist organic beings 
which nen!r intercross, uniformity of character can be 
reltlined amongst them, as long as their conditions of 
life remain the sume, only through the J1rillciJlle of in· 
heritauC() and through natural selootion d .. ·stroying any 
whieh dellan from the Jlroper type; but if their condi
tiolls of life change alld they undergo modificatioll, 
uniformity of character can be gi\'etl to their modified 
offspring. 80Iely by llatural selootion prescn'ing similar 
fa"onrable variations. 

l;;olation, alllO, is nn important clement in the changes 



120 ClRCUHSTANCES FAVOURABLE TO TilE C" .. p.IV. 

effccted through natural selection. I n 0. confined or 
isolated area, if not very large, the organic and inorganic 
conditions of life will generally be almost uniform j so 
that natural selcction will tend to modify all the varying 
indh·iduals of the same species in tbe same manner. 
Jlltercrossing with the iullflbitants of the surrounding 
districts will, also, be prevented. Moritz Wagner ha.~ 
lately publiohed an interesting essay on this subject, 
and has shown that the service rendered by isolation ill 
preventing crosses between newly formed varieties is 
probably greater even than I have supposed. But from 
reasons alre6dy assigned I cau by DO meaDS agree with 
this naturalist, that migration and isolation are necessary 
for the format ion of Dew species. The importance of 
isolation i~ likewise great in preventing, after any 
physicnl change in the conditions, such as of climate, 
elevation of the land, &0., the immigration of better 
6dapted organisms j and thus new places in the natural 
economy of the district are left open for the old 
inhabitants to struggle for and become adapted to. 
Lastly, isolation will give t imo for a new variety to be 
slowly improved; and this may sometimes be of im· 
portnnee in the production of new species. If, bowel·cr, 
an isolated area be very small, either from being sur· 
rounded by barriers, or from ha\·ing very peculiar 
physical conditions, tile total number of the iuhabitanb 
will be small j and tllis will retaro. the production of 
new species t11rough natural selection, by decreasing the 
chances of the appearance of favourable indil·idual 
differences. 

'l'he mere lapse of time by itself docs nothing either 
for or against natural selection. I state this because it 
has been erroncously asserted that the element of time 
has been assumed by me to play an all.important part 
in modirying species, as if all were necessarily undcr· 
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going change through the action of 8Omo innate law. 
LarlSo of time is only SO far importallt, lind ita import
ance in this respect is great, that it gi\"et1 a better 
chanco of beneflcial n,rintions arising, being lK'iectcd, 
inof'Cllscd, and filted, in relation to tllo slowly changing 
organif' and inorganic conditions of life. 1t like
wise fa\·ouMI the definite action of tho cOllditiona of 
life. . 

If wo turn to nature to test tho tnllh of these re
marks, allli look at any small iiiOlated area, 8uoh 08 an 
oceanic island, altl,ough the number of tho dill'erent 
jJpecice iulltlhiting it is small, as wo shall see ill our 
chaptet on Oeogmllhical Distribution; yet of the spedes 
a 1"('ry large llroportion arc endemic,-that is, ha'l'"o 
bern produced there, and nowhere ehc ill the world. 
HOlioo an oceanic island at first sight 6C(!IllS to ba,·o 
been hi,;hly fll.,·ourable for tbo productioll of new species. 
nut \\'0 lIlay thus dec\!ire oUniChes, for to ascertain 
whether a snmll isolated area, or a large opell arca like 
n. oolltillent, hM been most fll.\·oumblo for tho production 
of nuw organic forms, we ought to mako theoompariiiOn 
within equal timcs; and tills wo arc incapable of 
doiug. 

Although isolation is of great importance in the pro
duction of new species. on tho 1'0'11010 I am inclined to 
belic,·o that largellcss or area is still more important, 
espc<:ially for tho production of species, whith shall 
provo cllpable of enduring for fI. long period, find of 
ijpreading widely. Throughollt a greut Il.lld op€u area, 
Ilot only lIill thcre be a bet1cr chalice of fu\·ollrablo 
variations IIri~iJlg from the Inrgo number of indiriduuls 
of tho 111\11\0 spedes thero supported, but tho conditious 
of lifo aro IUllch more compkx from the lurgo numUcr 
of already uisting ~pecics; and if iiOUlO of these wallY 
specics br..'CQwo modified I\IId iml'fO\'cd, othcn will hl1\o 
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to be impron~d in Ii oolTf"llponding d('gre<'. or they will 
be exterminllted, .Each new form, also, lUI 80011 lUI it hlUl 
~n much imp;'Ol"ed, will be able to spread o\'('r the 
open aDrl continuous area, and will thull come into 
competitioll with many others. lforoover, great areas, 
though lIOW continuous, owing to forme r OIICillatiollll of 
lorel, will often ha\'o existed in a broken condition, 80 

that tho good elTects of isolation will genemlly, to a 
certain utcut. hayoconcnrl'('(l. FinAlly, I conclude 
that, although small isolated arens probnbly hftYe beell 
in some I'08peets highly fa\'ourable for tbe production 
of now speciell, yet tbat the course of modification will 
generally have been more rapid on large areas; and 
what is more important, that the new forms prodnced 
on largo areas. which already h\l.\·e lx!eo victorious over 
mauy competitors, will be those that will Bpread most 
widely, will give rise to most Iiew varietica aud species. 
nnd will thus play the most important part in the 
changing history of the organic world. 

\Ve can, perhaps, on these vio"'s, nudettltilnd /lOme 
filets which will be agaiu alluded to ill our chapter on 
Goographical Distribution j for instance, that the pro
dllctionll of the smaller continent of Australia aro now 
yielding before those of the IRrger Europreo-Asiatic 
area. ThUll, alllO, it is that continental Ilroductioll3 
ha\'e c"erywh,'re beeome 80 largdy naturalised on 
islands. On a sruall islaud, the race for lifo will Mye 
been 10M severe, and tllerc will ha\'e been tellS modifica
tion and less extermination , Hence. pcrhaJl~, it is that 
the flora of ) [adeira, according to 08wald Jl oer, re
sembles tho extinct tertiary flora of Europe, All fresh 
water basins, tnken together, make a small area compared 
l\'ith that of the sea or of the land j and, consequently, 
the competition between fresh-water production5 will 
hll\'o ~n lcss 8Cyerc than cl,;('whcrc; new foml! will 
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hal'e bet'!n more slowly fonned, 110(1 old forml more 
slowlyesterminated. And it is in rrt!8h water tllat we 
finclSCI'cn genera of Ganoid fishes, remnant!! or a Ollce 

preponderant ordrr: and in fresh water we finel some of 
the most anomalous forms now known in the world, as 
the Ornithorhynchus and Lcpidosiren, which, liko fossils, 
connect to a certain extent ordOn! at present widely 
scparated in tho natural seale. These anomnlous forms 
llIay be eallcd ii"ing fossils; they havo endurod to the 
present day, from having inhabitOl:I a confined nrea, and 
ha"ing boon cspcllled to less varied auel therefore less 
scI'ere compotition. 

'ro 8um np the cireumstances favourable and un
fal'ournblo for tho prodnction of IlOW species through 
natuml selootion, !IS fnr as the extreme intricncy of tho 
subjoot permits. I conclude that for terrestrial pro
ductions a Inrge continental area, which 11l1li undcrgone 
mnny oscillations of le\'el, will 111\1'0 h<!en the most 
favourablo for the production of lllany now forms of life, 
fitted to ondure for a long time and to Apreo.d widely. 
Whilst the area existed as a continent, the inhabitan18 
will havo been lIumerous in individuals lind kinds, and 
willluwe been subjected to severe competition. Wben 
COU\'crted by subsidence into large IK'pnrate isla.nds, 
thol'{' will still have existed many indil'iduals of the 
sarno spc<'iCll on esch island: intcI'Cl"06Sing on tho con
fines of the mngo of cach DOW species will have been 
checked: lifter physical changes of any kind, immigra_ 
tion will hlH'c h<>ell prevented, 80 thnt new places in 
the polity of ench island will havo hnd to be filled up 
by modifiClltions of tho old inhnbitantil; and lime wilt 
Imvo been allowed for tbe Yllrietics in each to becomo 
well mooilled and perfooted. When, by rencwOI:I c1eva
tion, tho islands wcre rccon'l'crtoo into n continental 
area, thero will again haye been sevcre rom petition : 
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tllO most fuvour<:d or impron"ld I'1l1"ieties will have been 
cno.bled to spreati: there will have been much c~tinction 
of the less irnprol·ed forms, and tho relatil-e proportional 
lIumbel"ll of tbe I·arious inhabitants of the reunited con
tiuent will ~"llin hal"e been changed j alld again there 
will have been a fair field for natural IICloction to illl
I)ool·e aliI! further the inhabitlllllS, and thus to produce 
lIowspecics. 

That Ilatural selection acts with extreme slowness I 
fully admit. The result depend:! ou there being places 
in the polity of natnre, which can be better filled 
through some of the illllllhitants of tbe couutry under
going lUodifiClltions of some kind. Tile txblen(.'tl of 
Buch places will orteu depend 011 physical changes, 
which are gencrally wry slow, Ilud Oil tllO immigmtioll 
of better adapted forms being checked. But the elTeet.s 
of natural selcctiou will prooobly still oftcner depend 
on some fowof the inhabitants becoming slowly modi
fied j tho mutnnl rclntiOlls of tho other iuhnbitants 
being thus disturbed. Although all tho individuals of 
tllO same spt.-<:ies differ more or le;;s from each olher, 
ditrerenccs of tlle right nature, better adalltcd to the 
then exi.iting conditiollS, may not soon oocur. The 
results will often be greatly retarded by froo inter-
crossing. Unny .... m e.l.clo.im tlmt these sc"cral CfLUSC8 

nrc amply lSutlicicnt to ncutrnliso the llO .... -o.;r of natural 
selection. 1 do not belie'·e 110. But 1 do believe that 
Ilatural selection generally actll I-ery slowly in cffecting 
chauges, at long inlerl'als of time, and only on a few of 
the inlmbitnuLi of the IiIlUle region. I further believo 
that the;;o slow, intermittent rc,uits of natural selection 
accord pcrfoctly with what geology tcll! us of the rate 
Ilnd maUDer at wh.ich the inhabitants of the world have 
changed. 

Slow tlwugh tho process of selection may be, if feeble 

(c) Th C"mplflte ..... ork of Charles Darwin Or.!ane 
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man can do milch by artificial sell!<'lion, I can 11M no 
limit to the amount of change, to the beauty and in· 
finite compluity of tlJ(~ roadaptatiolll! between all 
orgnnic beings, one with another and with their phy
sical conditiOlls of life, wllich may be effectcd in tho 
long course of timo by Mtnro's power of seleclion Or 
tllosuf\·h'alofthefit4'S1. 

Ezti~ticm caUM'l by Natural &Jedion-. 
This slIbjC<'t will bo moro fully discllssed ill ollr 

('bapt('r on Geology j but it must bo here alluded to 
from beiug intimately connedoo with natumlselection. 
Natural 8(»ootion acts solely through the pre8('f\'ation 
of 'l"ariatiolls ill some way ad\'alltageous, which consc
quently f'ndllrc, Owing to tbe high gcometrical ratio 
of incl'f'BSe of all orgnnic beiugs, 01\(·11 area is already 
stocked with the full numhcr of ita e:listing inhabitanis, 
flnd 8!1 mo-t areas are fllready stocked with fl great 
di\"crsih' of forms, it foHow~ that, IlS ench selected and 
favoured form increases in number, so generally will the 
lC88 fa\'ollred forms decrease and become rare. RD.rity, 
1\8 geology tells us, is tIle preeul'8Or to CJ[tinction. We 
can, a18O, 8C<' thnt any form roPl'('8euted by few indi
\'idllals will, during flu ctuations in tho seasons or in the 
number of ita enemiee, nlll a good chance of utter ex
tim·tion. But we may go further than this; for lUI new 
forms are rontiuually amI slowly beiug produced, unless 
W6 beliovo tlmt tho number of specific form! goes ou 
perpetually and almost indefinitely increasing, many 
ine\"itably must become extinct. That tho number of 
specific forms hl\8 not indefinitely increft..'<OO, ge<ology 
tells us plllillly; and wo shall presently attempt to show 
why it is that the number of species throughout the 
world ha..~ not become immeasurably great. 

We ha\'e ~een that the species which arc most uume-

(tI The m Wark.-gf ~ Darwin Onlne 
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rou~ in indh'iduals have tho best chanco of producing 
fa"ourablo yariationa within lilly given period. We 
hM'O evidcmco of th.i3, in the facti! Itat.(.'<i ill tllO second 
clmllter, showing that it is Ole common species which 
olTer the greatest number of rcoonled ,-arietics, or in
cipient spedes. Hen<."(!, rare 8p<!Cics wilt be 1C88 quickly 
modiflcd or impn)\'oo within any given period, and they 
wi!! cOllliCquently be beawn ill the mee for life by the 
modiflod descendants of the commoner species. 

From thC80 !lel'eral oonsideratiolls I think it in
e"ii4Lly follows, that 8.8 uew species iu the COUl'IiO of 
time are formed through natnral &election, olhellJ will 
become rarer and rarer, and finally extinct. The forms 
wbich stand in closest competition with those uuder
going modification and improvement, will naturally 
suffer mo;;t. And we have &cell in tho chapter on tile 
Struggle for Existence that it is the most do.;cly-allied 
formB'-"urictiel of the snmo spedes, and Ilpccies of 
the MIlle ~nus or of related gcncra,-which, fl'Om 
lun'ing nearly the same structure, constitution, and 
habits, generally come into the Jlevel'1..'lit competition 
with each other. Consequently, each 1I0W "ariety or 
spoc:ies, during the progl'CSll of its formation, will gene
rally JlreY hanlcst on its nearest kindred, and tend to 
eJ:tL'nninate tllem. We see the llame proce;;s of exter
mination amongst our domesticated Ilroduelions, through 
the &election of improvC'I forms by man. 31any curious 
iusi4nees coilid be gil'en allowing how quickly new 
broods of cattle, sheep, and other animals, and "nrieties 
of flowers, tnke the place of older and inferior kiuds. 
In Yorkshire, it is hi~torieal!y kuowu that tho ancient 
black cattle WCf'O displaced by the long.horns, and that 
thcso .. wero swept IIway by tho allort·horIlS" (I quote 
tho words of nn agricultural wriwr) "9.8 if by somo 
murderous pestilence." 

The It W f h rI 
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DitY:rg~oJCJw.t'aeter, 

Tho princilJle, which I Ilave designated by this term, 
is of high importancc, and explains, as I beliol'o, several 
important facts, In the first plnce, ,'arieties, e\'en 
strongly-marked Olles, though haloing somewhat of the 
cllarn.cter of species-as is shown by tliollOpclE'ss doubts 
in many ca8Cfl how to rank them-ret eertainly diffcr 
from each otlu:lr far less than do good and distinct 
species, Ne\"Cl1liei!lSl!, according to my \"iew, varieties 
are species in tlJ(1 process of formation, or nre, lUI I hlno 
culled them, incipient species. How, then, dOC!! tho 
lesser dincreuce between varieties becomo augmented 
into tho greater dilferenoo between spedea? That this 
does habitually happen, we must infer from most of tho 
innulllerable species throughout nature presenting well
marked differenOOl!; whereas nlficties, the supposed 

!:::~~I~~g~~~nr~~~fl~~u~~~rc:;~~~nn~~ :l:::: 
as we Illay cl,lI it, might cause OM mricly to differ in 
some character from its pal'Cnts, and the offspring of 
this mriety again to differ from its parent ill the \"ery 
same character and in a greater degree; but this alone 
would ne,'cr account for so habitual and large a degree 
of difference as that bch'ecn the specica of the same 
genus.. 

.As has alwaYIL been my practice, I hnve80ught lighton 
this helul from our domestic productions. We shull 
hero find IOmething unaloguus, ]t will bo adulitted 
that the production of races 80 dilfercnt as ahort-horn 
and H ereford eaUle, race nnd cart hOI'8CB, the severol 
breeds of pigooll~, &c" could never hawJ ~Il efft)cteJ 
by the lIlere chance lICCumulntion of variations of n 
similar character during mnny sUcce8I!i\'1l generations. 
In llro.cticc, a fancier is, for instancc, simck by a pigeon 
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!lM'ing 8 slightly shorter bcnk; another fancier i~ struck 
by a pigeon hln·ing " ruther longer beak j and on the 
acknowledged principle that "fanciers do not and will 
not admire a mediuUl litlmtinrd, but like cxtN'tn<'8," they 
both go on (AS has actually O!'Curred with tIle llul>-breeds 
of the tumbler-pigeon) choosing and breeding (rom birds 
with longer and longer beaks, or with ahorter and shorler 
beaks. Agnin, wo may suppose that at an early period 
ono man llcefcrrod swifter hol'!M!tl j another stronger and 
more bulky horses. Tho early diffcrenl .. -etI would be 
n!ry slight; ill the course or time, from the continued 
8!!iectioll of Iwifter hol'8C8 by !lOme breeders. and of 
stronger Ollef! by others, tho differences would become 
greater, and would be noted lUI forming two sub-brecda; 
finally, after the lapse of centuries the snb-brC!<'ds \\"ollld 
become coo"cried into two well-eI'I:ahlished and di,;linet 
breeds. As the difl'erenees slowly became greater, tile 
inferior animals wilh intennediate charncl('hi. being 
neither \'cry swift. nor wry strong. wonld 11I",e bet!n 
neglected, and will 00\'0 di~nppearC(l nt're, then, \Ie 
800 in man's productions tho action of what may be 
called tllC principlo of dil'crgence, cau.ing dilTerenees, 
at 6rst barely flppreciable, stcadily to increase. find the 
breeds to diverge in character both from each otber and 
from their common parent. 

But how, it llllly be Ilsked, CIIn any analogons prin
ciple apply in nature? I belic\'o it can and does apply 
most eRicicll!ly (though it WDI a long time before I 
saw bow), from the bimple circulDstance tlml the more 
di"fcrsilied the dCbCendants from flnyolle speciCii become 
ill structure, constitution, and habits, by lJO much will 
they be iJctter cnabled to 8('izo 011 mlmy aud widcly 
dh'crsi6ed plnccs in tbe polity of nature, and 110 be 
enabled to incrc&se ill numbel'll. 

We enn clearly discern tbit in the case of animals 
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with simple habits. Take tho rose of a earoivorou~ 
quadruped, of which the number tlLflt can be eupfJOrtod 
ill any country has long ago arrived at its fu illwerngc. 
If its natural powers of increaao be allowed to act, it 
can succeed in increasing (the oountry not 11IIdefb'Oing 
allY chango ill its collditions) only by its ,·arying de
scendants ecill:ing on places at pl'C8Cllt occupied by other 
animals: sOllie of them, fOr instance, being enabled to 
feod on 11011' kinds of Ilroy, cither dead or alive; some 
inhabiting new stations, climbing tree!<, frequenting 
water, and somo perhaps becoming ICS1J carnivorous. 'fho 
more divenrified in habits aud structure the dcecendu.nts 
of our cami"orolls animal became, tbe more Ill8(1)8 
they would be enabled to octupy. What allpl iee to oue 
animal will apply throughout all time to all rmimalil
that is, if they "ary-for oth{'r\\ i86 natural IIOle<:·tion 
can effect nothing. So it will be with plant.t. It bllS 
been uperimentally proved, tha~ if a plot. of ground 
be SOwn with one species of gruSll, and a similar plot be 
SOwn with severnl distinct genern of grasses, 0. greater 
number of plnnu and a greater weight of dry herhago 
can be raised. by tho latter procCll8. 'l'bo sarno hM beell 
found to hold good \\hen one ,·ariety and several mixed 
varieties of wheat ha,'e beeu &Own on equal s[l8C'Cfl of 
ground. Hence, if any ouo species of gl1lSB were to go 
on "urying, and Ih0ll6 varieties were continually selected 
1I'llich ditTered from each other in at all the 88mo 
malloer WI distinct epecics alld gOllera of grIl8SC8 dilfer 
from each other, a greater number of individual Illant.! 
of this speciCfl of gra&'!, including its modified dellCelld· 
unts, would succeed in living on the Sflme IJieoo of 
ground. And we well know that each species and ('ach 
variety of grasa is anuually sowing almost ('OuntlC8l! 
sc.OOs: and thus, fL8 it may be said, is striving its utnlOllt 
to inCf'Ca86 it.! numbers. Consequently, in the COUf1IJ6 
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of many thousand generations, the most distinct va
rieties of anyone speciefl of grass would always ha"e 
tho best cllanoo of succeeding and of increasing in num· 
bers. and thus of supplanting the less distinct varieties; 
and varieties, when rendered very distinct from each 
otJler, take the rank of species. 

The truth of the principle that the greatest amount 
of life can be supported by great diversification of 
structure, is Been under many natural circumstances. 
In an extremely small area, especially if frooly open to 
immigration, and where the OOlltest between individual 
and individual must be severe. we always find great 
diversity in ita inhabitanle. For instance, I found that 
a picce of ttlrf, three feet by four in size, which IlBd been 
exposed for many years to exactly the same conditions, 
supported twellty species of plants, and these belonged 
to eighteen genera and to eight orders, which SIlOlI'1I how 
milch these plants differed from each otller. So it is 
with tho plants and insects on small and uniform islets; 
also ill email ponds of fresh water. Farmers find that 
they can raise most food by a rotation of plants belong
ing to the most different orders: nature follows what 
may be called a simultaneous rotation. Most of the 
animals and plants which live close round any small 
piece of ground, could live on it (supposing it not to be 
ill any way peculiflr in its Dature), and may be said to 
be striving to the utmost to live there; but, it is Been, 
that whero they come into tllo closest competition with 
esch other, the ad"antages of di"crsificatioll of structure, 
with the accompanying ditrerellces of habit and consti
tutiou, determine Ihat tlie inhabitants, wbich thns jostle 
each other most ciesely, 111Iall, as a geneml rule, belong 
to what we call different gellcraand orders. 

The same principle is seen in tho naturalisation of 
plants through mau's agency in foreign lands. It might 
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lla,-e boon expected that the plants which \ll'()uld Inccced 
in beeoming natnralised in any land would generally 
have been e10eely alliro to the indigenes; for these are 
commonly looked at as Kpecially created and adapted 
for their own country. It might also, perhaps, havo 
been expected that naturaliBed plants would have be
longed to a few group:! more eIIpecially adapted tQ 
eertain lUl.tions in their new homes. But the case i~ 

very different; and Alph. de Oandollo hM well re
marked in his great and admirable work, that flora .. 
gain by nnturali811.tion, proportionally with the number 
of the native genera and species, far more in new genem 
than in new species. To give a single instance: in the 
last edition of Dr. ABo. Gmy's 'Manual of the Flora of 
the Northern United States,' 260 natumlieed plants are 
enumerated, aud these belong to 162 genera. 'Ve thllg 
IlOO that these naturalised plants are of 0 highly diver
sified naturo. They difl'er, moreover, to a large extent., 
from tho indigenes, for out of the 102 nnlurn1ised ge
nera, no IC8ll than 100 genera ore not there indigenou~, 
and thus a largo proportional oddition is modo to the 
genera now Ii\·illg in tho United SUl.tea. 

By considering the nature of the plant/! or animab 
which hM'e struggled suooessfully with tho in<ii{renCfl of 
any oountry, and 00"0 there becomo naturalised, wu 
may gain 80me crude idea in what mllnner 8Omo of the 
nati\"e8 would have to be modified, in orner to gain an 
adnUlUl.ge over the other nativO$; and we mar at least 
811.fely infer that di\'ersification of .tnlctu~, amounting 
to new generic di!TerenceB, would be llrofitable to them. 

1'ho advllntage of diversification in the iulll1bitants 
of tho siune rep:ion is, in fact, the SlIme M lllUt of 
tho Ilhylliologicnl diyision of labour iu lho OrgAIlS of tile 
f!ftlllC individual body-a subject 80 well elucidflted by 
Milne £dll'ards. No physiologist doublB that a ~tomll('h 
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adapted to digest \'(,getablo matter alone, or fIeoh alone, 
draws mOilt nutrimcnt from tilCse substances. So in 
tho general economy of any land, the lDoro widely and 
perfoctly tho animn1s and planta are divcl'8ified for 
dilTerent habits of life, 80 will a greater nnmber of 
individuals be capable of there supporting themselves. 
A set of animals. with their organisation but little dh'er· 
sified, could hlU"dly compete with a IICt mOrc perfectly 
dh'ersified in Fttructnrc. It may be doubted, for in· 
Btance, whether the Australian marsupials, which are 
di\'ided into grouJ>8 differing but little from cneh other, 
and feebly representing, lUi ?lt r. Waterhouse and others 
Imve remarked, Ollr carnivorous, nunillant, lind rodent 
rmunmal&, could BuccetlSful1y compete with tlle.Be weU· 
pronounced oruOri!. 1n the Australian mammals, '11'0 

IlOO the proc:e8lJ of di,·crsifico.tion in an early a.nd incom
plete stage of de\·elopment. 

TIre Probable ResulJ. oj th~ Action of Natural 8eleclum 
through Divergen~ oj Charader and E:rtinciion, in 
the Descendanta of a 0011lmon AncuiQr. 

After tho foregoing discussion, whieh has been much 
compressed, we mfly lllISumo that the modified d08Cen· 
dfln18 of anyone species will succeed by 80 mueh tllo 
better as they become more diversified in structure, and 
aro thUli enabled to encroach on places ot'eupied by 
other beinlP" Now let U8 600 how this principle of 
boneflt being derired from dil'ergellcc of character, 
combined with the principles of natural aeloction and 
ofextjnctjOIl, tenus to act. 

'l 'ho accompanying diagram will aid U8 in under
standing tllis rather perplexing subject. Let A to L 
rellTC8Cut the spcciCi of a gelLus large ill its own 
country; these spcciea are supposed to resemble cadi 
other iu ull(qual degreCl!, aa is so gellernlly tho case in 
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nature, Bnd 8R is represented ill the diagram by the 
letters standing lit unequal distances. I Im\'e Mid II. 

large gellllS, becaul!e we iun-c seen in tile 8eCOIld c1i1l)lter, 
thllt on an al'eruge more of the IIpecics of large genera 
vary than of small genera; and the varying species of 
the large genera present a greater number of varieties, 
'Vo hal'e, Illso, seen that tho sl)(.'Cies, which aro tho 
commonest and the most widely diffusod, vary 1Jl0re 

t11an (10 lhe rare and restrictOO speeie& Let (A) be II. 

common, widely-diffused, and l'arying spodca. belonging 
to a genus large in itl! 01111 country. Tho hrallchiugalld 
di'l'erging dotled lines of unequal Icngtbs proceeding 
from (A), may represent its Yarying offl:lpring. 'L'he 
variations an! SU IJposed to be extremely 8light, Lut of 
the mOilt di'l'eraifled nature j they are not IIllppoBl.'d fill 
to appear simultaneously, but often after lung intervals 
oftime j nor ure they pj\ supposed to endure for pqual 
period!, Only thoee variatioll8 which aro in BOrne way 
profitable will be preserved or Ililturolly selected. And 
hero the importnllce of the principle of benefit being 
dcril'OO from dil'crgence of character oomes in j for tllis 
will generally loud to the mO<it different or divergent 
variations (represented by the outer dotled liuCil) being 
prellc.n'ed and lICCumulated by Datural selection, Whell 
a dotted line reachetl ODe of the borizontal linea, aud i~ 
there marked by a small numbered lelter, a luffieiellt 
Imount of variation ilIliupposcd to ha\'e beeD 8('Cumu· 
lated 10 llave formed a fairly well·marked \"ariety, such 
as would be thought worthy of record in a s),8temntic 
work. 

The iuterm18 betweeu the horizontal lint'll ill the 
diagram, may repreaent each a thouiiflllU gelleratiolls, 
or teu thoulII\lld. After Ii thollSlllld generations, sllOCiell 
(A) iB 1I1I1)pOlled to have produced two fairly well· 
marked mrit.:tiC8, lIalJlely a l find ml, 'J'he.;c 1\1-0 
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" aridiea will generally continue to be upoeed to the 
Mme conditions which made their pareDtd variable, and 
the tendency to "ariability i.e ill it;df hereditary, 
consequently they will tend to vary, and generally to 
vflry in nearly the same mauuel aa their PflNlnts \'aried. 
Uoroo"er, thelle two varieties, being only Blightly modi
fled fOl'ms, v .. iIl tend to inberit those adl'antages which 
mado their parent (A) more nnmerouB tluln most of the 
other inhabitants of tho sallie country; they will like
wi80 Ilftrtake of those more general advantages which 
1Ilade the gcnUil to which the parent-8peciea belonged, a 
large genus in iu own conntry. And theee circum-
6ta~ we know to be fin-curable to t.he production 01 
now,arietic& 

If, then, these two varieties be variable, the most 
di,'ergent of their ,'ariationa lII'iil generally be preserved 
during the next thousand genernUoIl8. And after this 
iuterval, variety a l is supposed in the dingrnm to ha\"(~ 
produt'Cd "uricty a', which lIIi1l, owing to the principle 
of divl'rgenl!e, differ more from (A) than did variety a l • 

Variety fI~1 is SUjJpoeed to have produced two "arieties, 
IlRmely ml and ~, differing from each other, aud more 
(''Oulliderably from their common pareut (A). We may 
colltinue the process hy similar stepa ror any length of 
time; some of the varieties, arter each thou8I1Dd gene
rations, producing only a single Yaricty, but in a more 
and more modified condition, 8OIDO producing two or 
tlll't!O "Rricties, and some failing to produce auy. Thus 
the YtirictiCli or modifled d08eelldants, proceeding from 
tho common purcnt (A), will generally go on incretUJing 
in lIulllber (lnd dil'crging in c1l1l.rncter. In tho (liagram 
the procCM is represented up to the tCIl-th0I1811lldth 
generat ion, and under a condensed and simplifled form 
up to the fourteen-thousandth generation. 

But I must here remark thAt I do not 8UpJlOiO that 
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the proceu ever goes on 90 regularly all is rept1lllented 
in the diagram, tbough in itselC made 80mewhat irro-
gular, nor tbat it goes on colltinnously i it is Car more 
probable tllat each Corm remains Cor long periods un
sltered, and then again undergoee moditieation. Nor 
do I Buppoae that the most dh·ergent varieties are 
iuvariably preserved: a medium Corln may often long 
endnre, and mayor may not produce more than one 
modified descendant; Cor natural selection will alwaya 
act according to the nature of the ple.ooa which are 
either unoccupied or not perfectly occupied by other 
beiugI; and thi8 will depend on intinitely complex 
relatiolU. But 8/j a general. rule, the more dil'"erlilied 
in structure the descendants from anyone species can 
be re.udered, the more 1'18008 they will be enabled to 
seize on, and the more their modified IJrogeny will in
crease. In our diagram the line of Bucceuion i8 broken 
at regular intervals by small numbered letters marking 
the 8uct'<ll!llive Corms which ha'·e become sufficiently 
distinct to be recorded 88 varieties. Dut those breaks 
are illlaginary, and might have been in.aertod any
whero, after intervals long enough to baH) allowed the 
accumulation of a oonsiderable amount of divergent 
,·ariation. 

As aU the modified descendants from A common and 
widelyodifJ'u.aed species, belonging to a large genus, will 
tend to partake of the ilSme advantages wbicb made 
their parent 8uooe8ilful in life, they will generally go 
on multiplying in number 8.8 well BI direrging in 
charader: this is represented in the diAgram by the 
86,·crlll divcrgent branches procooding froUi (A). The 
modifk>d ofJ'apring from the later and more highly illl_ 
pro\·oo bnlDchCII in the lines of dC800nt, will, it is pro
bable. orten take tbe place of, and 110 destror, tbe earlier 
lind lea impro\·oo branches: this is represented in the 
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diagram by BOrne of the lower branches not reaching 
to the uPIK'r horizontal lines. In fIOrne eases 1 do 
lIot doubt that the pr0ce;!8 of modifk'fltion wiJI be con
fined to a single line of dcsccnt, and the number of the 
dC8C(!ndant..l will not be increased; ruthough the amount 
of di\'crg'enL modification may ha\'e been inereased in 
the slux:essl"e generations. This CtI!!O wOIII(1 be re
presented in the diagram, if all the lines )Jroceedillg 
from (A) were removed, el'cepting that from a' to a JO

• 

In tbe ~alne way, for instance, tho Ellgli~h race-horse 
and Englis.h pointer ha\'e apparently both gone on 
sJol'\'ly diverging in chan&etcr from their original stocks, 
witbout cither having given off auy fresh branches or 

"",. 
After ten tholl!ltlll{! generation~, llpecies (A) is sup-

posed to imve )lroduced three formll, ale, f'·, and mit, 
which, from baving diverged iu character dUTitlg tho 
SUC<lel;lji"o generations, will hu\'e come to differ largely, 
but perhal)S unequally, from each other and from their 
common IlfI.rcnt, If we supposo the amount of chunge 
between cal;h horizoutalline iu our diagram to be e:z:
cetiivdy small, these three forms may still be only 
well-murked ,'arieties; but we have only to SUP)>OSe the 
stepe in the process of modification to be more nume
rous or greiltcr in amount, to com'ert theee three fonus 
into doubtful or at last I't'ell-detiued epecies: thus the 
diagram illustrates tbe stclJS by which the small diffe .... 
enC08 di8tingui~hing varieties are increased into the 
ia'lo"Cr difference& distinguishing species. Dy continuing 
tile 81uno Ilrooess for a greater nu mber of generutions 
(as shown in the dipgmm in a eondcn8ed und simplified 
munner), wo get eight species, marked by the letters 
ootll6en a" pnd m", aU descended from (A). ThlI!, as 
1 believe, species are multiplied and genem are formed. 

lu a large gcnUiJ it iii probable that more than one 
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speciea would vary. In tbe diagram I ha,'o _Dmed 
that a IJeC()lld ~1>4!Cies (I) hag produced, by nnalogoll3 
steps, after tell thousand generations, either tll'O ,,"ell· 
marked varieties (10'0 aud s- ) or two 8]lCCiee, acrurding 
to the amouut of change supposed to be represented 
between 1110 horiumtal linee. After fourteen IhoUSII.lltl 
generatioll.s, ai)[ M"' species, marked by tho iettel'll n" 
to ~IO, aro supposed to ho.\'o been produced. III any 
genus, tJ1(l SPOOiCfl which are already ycry different in 
charnctcr from each other, will generally tend to 
produce tho greatest Dumber of modified dC8C('udants; 
for they will have the best chance of filling lIowand 
'widely different places ill the polity of IlAlure: henoo 
ill the diagram I hal'O chosen tho extremo species (A), 
and. the ncarly c::&:treme speciea (I), fill th()li(l which 
hal'O largely l'Ilried, and hare g;,'cn rise to DOW ,'aria
ties and apecica. The other nine spccics (marked by 
capital letteu) of our original genus, may for long bnt 
unequal periods oontiuue to transmit unnilcred de
IiC(!lldallts; find tllis is shown in tbe diagmm by the 
dotted lines unequally prolonged upwards, 

Butduring the process of modification, represented in 
the diagram, another of our principles. namely that of 
extinction, will ha\'e played an important pari, As in 
each fully stocked country natural selection neccB88rily 
acta by the selected form ha\'ing 8Omo adl'anu..,r.e in tbo 
atnlggle for life ol'er other forms. there will be a con
stant tendency in the im!Jro,"ed descendants of anyone 
apeciea to supplant and exterminate in each swge of 
dC80Cnt their predecessors and their original progcuitor. 
:For it should be remembered that lhe t.'ompctition will 
generally 00 mOllt severe ootween thoso forms wllich are 
most nearly re lMed to ouch othcr in habilAl, constitu
tion, and structnre. llenee all the intennediute fo rms 
between the carlier and latcr statee, that is UetW(..'Cll tho 
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leea and more improved states of a species, as well as 
the original po.renwpeciea itself, win generally tend to 
become extinct. So it prooobly will be with many whole 
collawrollinos of dCi>Cent, which will be conqnered by 
later nnd improved lines of de8Cellt. If, however, the 
modified offspring of /l. species get into some d.istinct 
country, or become quickly adallted to some quite 1I0W 

station, in which offspring and progenitor do not come 
into competit ion, both way continuo to exist. 

H, then, our diagram be IUlllUmed to represent a 
considerable amount of modi6cation, lpooies (A) and 
all the earlier varieties will have become extinct, 
having been replaced by eight new species (alt to mIt); 
and (I) will have been replaced by six (1l1t to I") new 
species. 

But l\'O may go further than this. The original species 
of our genus were supposed to resemble each other in 
unequal degrees, as is so generally tho case ill nature; 
spocieii (A) being more nearly related to n, 0, and D, 
than to the other species; and species (I) more to G,B, 
K, L, than to the others. These two species (A) and 
(1) were also BUPI)()Se(]. to be very common and widely 
dilfused spec1C11, so that they must originally have bad 
somo ad\'antage over most of the other species of the 
genl1& 1'heir modified de!!Cendallta, fourteen ill number 
at the fourteen-thOUBandth generation, will probably 
have inherited some of the same adnntagea: they 
have also been modified and impro\'ed in a di\'ersified 
mllnuer at each stage of descent, !O lUI to ha\'e become 
adapted to many related place8 ill the natural economy 
of their COIUltry. It seems, therefore, extremely Vro
buble that they will have taken the plll(.'es of, and thus 
exterminated, not only their parents (A) and (I). but 
likewise soIDe of the origillalllM!Ciee which were most 
nearly related to their po.rcnts. llenoo very few of the 
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original speciee will. have traIUlmilted offspring to the 
fourteen-thousandth geueration. We may suppoee that 
only one (~~). of the t.wo speciee (E and }~) which were 
least c10eely related to the other nine original species, 
has transmitted descendantil to this late stage of 
dosccuL 

The new species in Olll" di"e"l'l!.m descended from the 
original eleven Bpeciee, will now be 6.ftool1 in number. 
Owing to the divergent tendency or naturol selection, 
the extreme amount of difference in character between 
species 4 11 and 1111 will he mnch greater than that be
t.ween the most distinct of the original eleven species. 
'fhe new species, moreover, will be allied to each otber 
ill a widely different manner. Of the e igbtdeeoendanta 
from (A) the three marked 4", gL., p", will be nearly 
related from having recently branched off from ClW ; bl', 

and P', from h,u'ing diverged at an earlier period from 
a~, will be ill BOrne degree distinct from the three first
named species; and lastly, 0", e", and m", will be 
nearly rolo.ted one to the other, but, from having 
diverged at the Brlit oommenooment of the prQCeBII of 
modification, will be widely different f«lIn the other 
five species, and may oousLitute a 8ub-geous or 0. 

disl.inctgeoUl. 
1'he six dC6Cendants from (I) will forro two snb

genera or genera. lint as the original species (1) dif
fered largely from (A), standiug llearly at the (!.Itreme 
end of the original genus, the sil[ deecendanlB from 
(I) will, owing to inheritance alone, differ oousidcrilbly 
from tho eight dC6CendallU from (A); the two groups, 
moroo,'or, nro supposed to have gone 011 di,'erging in 
diffo:ront directions. Tho intermediate species, al90 (and 
this is a very important oonaidcrution), which connooted 
the originl!.l species (A) and (I), ha"e all become. el[
~ptjng (.1-'), extinct, and ha\'l~ left no descendant&. 
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llenoe tho sis: new species deeccnded from (I), and the 
eight dClKlCnded from (:\), will h",'e to be mnked as 
very distinct genem, or even as distinct sub-families, 

Thus it is. as 1 believe, that two or more genera. 
ate produced by descent with m(Xlification, from two 
or more species of the same genus. And the two or 
more p"fent-species afe supposed to hllve descended from 
some 0110 species of lin earlier genulI, I n our dingram, 
this i8 iuclicllted by the broken linCl!, beneath tho enpital 
letwl'8, converging in sub-bnlllches dowllwards toward~ 
a aiu£le ])Oint; this point representing" aingle lIpOCies, 
the 8I1P])()8Cd progcllitor ,of our several new 8ub-f:,'1lDem 
and gcuem. 

It is worth while to reHeet for a moment on the eha. 
mcwr of tbe nol'l' speciCfl )'H, which is suppoeed Dot to 
have di,'erged much in character, bnt to hll\'o retained 
the form of (in, either unaltered or o.ltenxl only in " 
slight degree, I n this C:lSe, i18 amn itics to the other 
fourteen lIew species will be of a curious and circuitous 
Dature, liaving dClICcllded from 11 form which stood 
bet wecn the two ptIorent species (A) and (1), now SliP
posed to be ext iuct and unknown, it will be ill some 
degree intermediate in character betwccn the twogroU]lII 
dC800nded from thcse species. But a.s these two b'TOUllll 
have gone 011 din~rg:ing in character from the type of 
their ]18renl8, the new species (rl ') will not be direcUy 
intermediate between them, but rather between types 
of the two groullII j and e,'ery nlttllmii:;t will be able to 
bring some such case before his mind, 

Iu the diagram, each horizontal liue 11M hitherto been 
supposed to represcnt a thousand generatiolls, l.out each 
may reprcsout a million or sevcrlll million gcnerations j 
it may also tellresent a !!eCtion of the 8uccessh'e atrata 
of the earth's c rust including extinct remains. We 
shall, when we come to our chapler on Geology, ham 
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to fe{er again to this 8uhject, and I think we ~halJ then 
800 that. the diagram throw8 light on Ihe affinities of 
extinct beings, which, though generally belon~r:ing to 
the !!Rme ordera, or families, or genem, with thoeo now 
th'ing, yet are oftcn, in some degree, intermediate in 
chameter between cl:isting groupe j lind we can under
stand this fact, for the cl:tinet spades lived lit "cry 
ancient epochs when tho branching Iiues of descent had 
diverged lC$B. 

I seo no reason tolimitthel)I'()('CSIlOfmodification,1l8 
now uplailled, to the fOnDation of ,,""Cnere. alone. If, in 
the diagmm. we suppose the Illllount of change repre
IICntOO by each successil'e grollJl of dil'erging doued 
linea to be great, the forms marked a lO to pI', those 
marked b" and F', and thOolll marked 0 1• to m", wiU 
form thr<!e vcry distinct genera.. We shall al80 ha"e two 
"cry di:;tiuet genem descended from (J). differing widely 
from the descendflnts of (A). ThciIC two groups of 
gellCm will thus form two distinct familics, or orders, 
according to the amount of divergent modiflcation S\l~ 
posed to be represented in the diag-rlllll. And tho two 
IlCW {Mnitics, or orders, are deaccudcd from two 8pecics 
of the origiual geulUI, aud thcse are sUJl)losed to be de
fIODndcd from BOrne still more ancicnt and unknown 
form. 

We bave aoen that in each country it is the species 
belonging to the larger genera which oRellest. present 
I'arieties or incipient. species. This, indeed. might have 
I/Oell upoctOOj for lUI natural seloctioD acts through one 
form having BOrne advantage over other forms iu the 
.. tru~gle for c:listcute, it will chicfly act on lhoee wllich 
fllrcady have BOme adl'anlag-e j und tho InrgellC8il of any 
group showS t.hat its species have iuherited from a 
(:ommon ancestor some advantage in common. Heuce. 
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the Itmggle for the production of new and modified 
dC8CendantIJ will mainly lie bet~n the larger groups 
which are all trying to increase in number. One 
large group will IIlowly conquer another large group, 
reduce its numbers. and thus ll'S8en ilB chanoo of further 
variation and improvement. Within the I!tlmo large 
group, the Jater and more highly perfected sub-groupe, 
from branching out and seizing on many lIew places 
in the polity of Nature, will OOlllllantly tend to supplant 
Rnd delltroy the carlier and less impro\'OO sub-groupe. 
Small and broken groups and sub-groups will finally 
disappear. Looking to the future, we can predict tbat 
the groups or organic beingtlll·hich are now large and 
triumphant, and which are least broken op, that is, 
which All yet have suffered leaat eItinction, will for a 
long period continoe to increase. But which groupe 
will ultimately prevail, no man can predict; for we 
well know that many groups, formerly mOflt extensively 
developed, havo now become ext inct. Looking still 
more remotely to tho future, we may predict thnt 
oll'iug to tho continued and steady increnae of the larger 
groups, a multitude of smaller groups wi ll become 
utterly extinct, and leave no modified rleeoendants; and 
eollacqucntly that. of the apeciee living at anyone period, 
extremely few will transmit descendants to a remote 
futurity. I sball have to return to thit 8Ubject in the 
chapter on Classification, but 1 may add that WI accord
ing to tllis view cxtremely few of the more ancient 
species hll"8 transm itted d~ndllnt8, lIod WI 1111 the 
dC6(.'Cudllllts of Ihe !lame species form II clfL88, we can 
undel"8tnlld how it is that there exist 10 fow classes 
in each main division of the animal find vegetab!e 
kingdoms. Althongh few of the most ancient speci('!j 
1Ia\'e lel\ modified descendallu, yet, at remote geological 
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period!, tho earth may have been almOfltaa well peopled 
with lpecies of many genera, families, onlenJ. and 
c1ueea, 81 at tho present day. 

0,. 1M DtgrtJI tc tthich Organilalion tend. to adm_. 

Natural Selection uclusively acta by the preserva· 
tion and accumulation of variations, wllieh are beneficial 
under the organic and inorganic conditions of Lifo to 
which each ereature is eJ:poscd at each sucee8Sive period 
of lire. The ultimate result is tJlat each creature 
tends to becomo more and more improved in relation to 
tlleir conditions. This improvement inevitably leads 
to the gradual advancement of the organisation of the 
greater number of living beings throughout the world. 
But here we cntcr on a vcry intricato mbjoct, for natu
ralista ha\'o not defined to each other'l aatilfaction what 
is meant by an advance in organisation. Among.st the 
vertebrata tho degree of intellect and an aPJ)l'Oftch in 
stnlcturo to man clearly como into play. It might be 
thought that the amount of chango which tho \'Brious 
partl and organs pass tllrollgh ill their dovelopmE:ut 
from tIle embryo to maturity would suffice as astandllrd 
of comparison; but there are cases, lUI with certain 
p8I'IIIIitic erustaoeanB, in which sew!",l pertl! of the 
strul"ture become 1e88 perfPCt, 10 that the mature 
animal cannQi. be called higher than it.8 Inrva. Yon 
Bads standard seems the most widell' applicablo lind 
tho best; namely, tho amount of dilTerentiation of the 
different pam of the same organic being, in the adult 
atate as 1 should be inclined to add, and their special
isation for different fUllctiollll; or, 1\8 l\lillle Edwards 
would express it, the colDpletellCllll of the di"ision of 
physiologi<:,al labour. But we shall 800 how obscure 
thia 6ubj<'ct is if wo look, for instance, to fish, IIlDOlljl'St 
"'hich IOmo naluralists rank those as highest which., 
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like the aharks. approach Dearest to amllhibian.'l; whilst 
other nfltumlists rank the common bony or teleoete8n 
fi~hCII as the highest. inasmuch as they are m06t Irtrictly 
flilh-like, and differ m08t from the other ,·ertebrate 
classes. Still more plainly wo see tho obscurity of the 
aubjC(:t by turning to plants, amongst which the stand
ani of intellC(:t is of course quite ucluded j and here 
SOIllO botnniat.s mnk tllOse plants as highest which have 
every orgnn, as I!Opills, petals, stamens, and pistils, fully 
developed in each flower j whereas other botanists, pro
bably with moro truth, look at tho plantll which ha,e 
their 80vernl organs much modified and reduced in 
uumber as the highest. 

If wo take. as the standard of higb organi8lltion, the 
amount of differentiation and specialisntion of the BeTa

ral organs in each being when adult (aml this will 
include the achancement of the brain for intellectual 
pur!)0(M)8), natural selectiou clearly leads towards high
nCSII; for all phyaiologk'l8 admit that the specialisation 
of organs, inll8much R8 they perform in this stnte their 
fllllCtioliB better, is au adnmtage to each being; and 
honoo tho accumulation of variations tending towards 
8])CC:iaii8lltion is within the scope of natural selection. 
On tho other hand, we can see, bearing in mind that 
all orgnnic beinga are sui"ing to increase at a high 
ratio lind to seize on clcry ill .oecul'icd Jllace in the 
eeonomy of nature, that it is quite po8!!ible for URtu
rfll selectiotl gradually to fit an organic being to a 
situntion in whicll IIIlwral orgalls .... ould be superfluous 
or \lSCiC88: in stich eases thcre might be retrogressioll 
in the scale of organisation, Whether organisution on 
the wholo has actually ad.l'RnCOO from tllO remotest 
goological periods to the present dllY will be more 
convenillutly diacuSilOd in our chapter Oil Geological 
Suooeesion. 
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Bot it may be objected that ir all organic beiugs thus 
tend to rise in tho (K'llle, how is it that throughout the 
world a multitude of the 10ll'est fOfms still exist j aud 
how is it that in ooch great clt1.!18 some fOfms are fill' 

more higlLlydeveloped than others? Why ha\'e not the 
more highly developed fonnl everywhere Bupplantell 
and exterminated the lower ? Lamarck, who believed 
in an innate and inc\'itable tendency towanlil perfection 
in all organic beings, ICeDl8 to have felt this difficnlty 110 

!trongly, that he lI'aslcd to suppose that now lind BimlJlo 
fonna are continually being produced by 8Jlontaneon9 
generation. Scienee, however, under hef present aspect 
does not countenance tho belief, wllate\'cr the future 
may re\'eal, that lh-illg creatures IU'6 uow being genf'
rated, On our theory the continued existence of lowly 
organisms offers no difficulty j for natural /!election, or 
the 8Ul'\'ival of tbo fitteet, dOOtl not necessarily include 
progreeai \'o do\'elopment-it only takee aohRntago of 
Bueh \'ariatiolllS &.8 arise and are beneficial to eft(;h crea
tUTe under ita complex relations of life_ And it may 
be asked what a(h'anlage. &.8 far &.8 we elLlJ 800, would 
it be to an infUiIOrian alLiloaleule-to an intoBtilLal lI'onn 
~r even to an earth-worm, to be highly organised? 
Jr it were no advantage, these formll would be len by 
natnral selection unimproved or but little impro\'ed: 
and might remain for indefinite 8f,-e8 in tlwir Ilrescnt 
little a(h·anood condition, A nd geology t('118 us that 
lOme of the lowest forllls, as the infllilOria flnd rhi7.opods, 
have remained for an Cnormous period in nearly their 
prflIM'nt atatc. But to suppose that most. of the many 
now existing low forma ha,·e not in the lesst. IIdmnced 
linoo the first. dawn of life would be rash j for o\'ery 
natnral[n who h&.8 dissected some of the beings now 
ranked III 'Very low in the scale, must hs.\'e boon struck 
with their really wondrous and beautiful org,mi'!lltion, 

" 
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Nearly the salQe remarks arc applicable if we look 
to the di1Tcrent gl"fl(]es of organisation within each 
great group; for illliUlnce, in the vertebrata, to the c0-

existence of mammals and fuh---flmongst mammalia, 
10 the CQ-existence of mall and the ornithorhynclllls
amongst fishes, to the co-e1:istcnce of the shark and 
lancelct (Bmnchiostom~), which latter fuh in the e1:
treme siml)licity of its structure aPllroaches the ill\'er
lehmle classes. But mammals and fish hardly come 
into competition with each othcr; the advancement 
of the whole class of mammals, or of certain members 
in thia class, to tho highest gmde would 110\ lead to 
their taking the place of, and thull elterminating, fuhes. 
Pbysiologists beliove that the brain must bo oothcd by 
warm blood to be highly acth'e, anJ this requires aerial 
l'Ci:!(lirotion; 80 that warm-blooded manllnalll when 
inhabiting the wawr live under 80me disadnmtagee in 
comparison with .fishes, In this latter class, members 
of the slmrk family would not tend to BUllplant the 
iancclct; for the lnneelet, as I hear from }~ritz l\JiUler, 
has as 8010 companion and comp<!titor on tho barren 
sandy shore of South Bnu;il, an anomaloU3 annelid. 
The three lowest orders of mammals, namely, marsupials, 
edentata, and rodents, co-exist ill South America in tho 
same rcgioll with nliUleroU3 mOllkeys, and prooobly 
interfere littlo with each other. Although organisa
tion, on the ..... hole. may ha\'e advanced and be still 
advancing throughout the world, yet tlle IIC!Ile will 
always present many degrees of perfection; for tho high 
MnUlccmcntof certain whole clll88eil, or of certain memo 
bers of each cia&'!, does not at all necesstlrily lead to the 
extinction or those groups with which they do not enter 
into close oompet.itiou. In some C48e8,as wo "hall hero
after fIOO.lowly organised fOflllSal)Jlea r to have been pro
IICnoo to tho present day from inhubiling confined or 
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peculia~ stations, where they iuwe been subjected to less 
",;w"re oomjlCtition, and whero their 8C/I.nty uumoors have 
retarded the chance of favourable \'ariatioUli arising. 

Finally, I believe that many lowly organisod fo~1UlI 
noW' exist throughout the 1\'orld, from \'ariOllB causes. 
In BOme ctU!(>8 variations or individual di£f'ereuce& of a 
fll.\'ournble uature may never have arisen for Ilatuml 
scloelioll to act Oll aud accumulate. In 110 case, pro
bably, hM time sufficed for tho utmost possible amount 
of developmellt. In !lOme few cases there ba.a been 
what we must call retrogression of organisation. But 
the lOain C8Ul1O lies in tbe fact that under \'ery simple 
conditioUli of life a high organisation wonld bo of 110 

aerdoe,-possibly wonld be of actual dillSCrvico, 118 being 
of a more delicate no.ture, and more liable to bo llut 
out of order and i.njured. 

Looking to the first dawn of life, when all organic 
beings, as we mAy belio\'e, pre&(!nted the simplest 
structure, how, it has been Mked, oould the first steps 
ill tho adVo.llcement o~ differentiatiou of parts have 
arisen? Mr. Herbert Spencer would probably ans"'er 
that lIB soon 88 lrimple unicellnlar organism came by 
growth or dil'i!lioll to be compounded of 1IC\'eral cells, o~ 
became attached to any wpporting surface, his law 
"that homologous units of any order beeomo differen
tiated in proportion 88 thei~ relations to incident rorces 
become different" would come iuto action. Dut as we 
ha\'e no facta to guide us, all speculation on the subject 
ie useless. It is, however, 811 error to SUllj)()8(l that 
there would be no struggle for existence, and, conse
quently, no nntuml selection, until many form8 had 
beell produced: varilltions in a single species inhnbitillg 
an ieolated station might be beneficial, and thua the 
whole ID888 of individuals might be modiiiod, or two 
diltinct forms might arise. Dut, 1\8 I remarked towlUds 
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the close of the Introduction, no one ought to fecl 
surprise at much remaining fl8 yet unexplained on the 
origin of 81>ecics, if we make uuo allowance for our p~ 
founu ignoranoo on the mutual relatioIUI of the inha.. 
bitanta of the world during the past epochs iu ita history. 

VariOO$ Objeclifm.«mtidered. 

I will here notioo a few miscellaneous objectiollll which 
have been advanced 8gt1oinst my views. 88 80me of the 
previoull di8CUssioulI may l~rhap8 thull be made clearer j 
hut it would be uaelcss to di8i'llss all of them, as many 
have been ffi/l.de by wri ters who have 110t taken the 
trouble to unuel1ltand my views. 'rhus a distinguished 
German naturalist has f(l(X!ntly 888Crted that the 
weakest part of my theory is. that I \Xlllsider all organic 
beings 8.8 imperfect: what JIIIn'e really said is, that all 
are not as l>erfect in relation to their conditiOIl8 as they 
might be j and thill is 8110wn to be the CIIl!e by 80 many 
until'e forms in many quartcl1I of the world yielding 
their plae(ls to intruding ford~ner8 which have beeome 
naturali.t>ccl. Nor can all organic being!!, even if they 
were at anyone time perfectly adapted to their COll

ditions of life, remain 80, when the conditions slo'lt ly 
change, unless they likewise change ; and no olle will 
dispute that the physical conditions ef each conn try, as 
well IlS tile numoors aud kinds of ita inha.bitanta, are 
liable to chango. 

It IUlS been argued tliat, as Ilone e( the animals and 
Illllnta ef }J:.."YPt, of which we know flll)'l hing, hal'e 
challge-d during the last 3000 years, so prolmbly none 
have been modified ill aoy other part of tho world. 'fhe 
mSDy animals which l\twe remained unchanged since 
the comrnenct!meut o( the glllCial period would ha"e 
been an incowparably stronger {'sse, (or these hlwe been 
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e~ to gret.t changes of climate and have migrated 
over great distancell; whereat, in Egypt. during the 
last 3000 yoors. the conditions of lire,as far aJ we know, 
have remained absolutely uniform, 'fhe fact of little 
or no modification having been effectoo since the 
glacial period would be of some avail against thoee who 
believe in an innate and necessary law of development, 
hut is powerless a.,"'Ril18t the doctrine of naturnl sciec. 
lion or the snrvival of the fittest., which illlllliCll only 
that variatiollJl or iudividuaJ differences of a favouraLle 
nature OOCfIBionally arilJe in a few species, and are then 
pretK!rved, 

It has been objected, if natural selection be 10 pow
erful an agent. why has not twa or that organ been 
modifioo and improved? Why has not the proboscis of 
the hi,'e-boo been lengthened 80 as to reach the nectar 
of the red-clover? Why hWl not the ostrich acquired 
the power of flight? But granting that these parts and 
organs have varied ill the right direction-granting 
that there hM been time Bufficicnt for tho slow work of 
natural !!election, the effect.'! being often checked as 
they will be by intercrossing and the tendency to rever
sion, who willl'retend tbat he knows the life-history of 
anyone organic being sufficiently well to 88y that any 
particular change would be ou the whole to its advan
tage? Can we feel sure that a long proboscis lI"ould not 
be a diy(J\<antago to the hive-boo in Slicking the in
numcrable amall flowcl'll which it frequents? Can we 
fC('lsllrt) that a long proboscis would not, by correlation, 
III most nee&iSOrily give increased size to other parts of 
the mouth, perhaps interfering with the delicate cell
constrllcting work? In the case of the ostrich, a 
momeut's reflection will show what an enormous IIUI)ply 
of food would be necessary to supply force for this bird 
or the deaert to moyo its huge body through tbe air. 
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But 8uoh ill-OOlll!idcred objcetioI18 are hardly worth 
notice. 

'l'he celebrntNI pnlroontologist. Bronn, nt tho close of 
his German translation of this work, fUlks, how, ou the 
principle of nntul1Il IIClectioll, can a \'&riety ii1'e side by 
side with the pnrent-speciea? If both have become 
fitted for sliglltly different habits of life or condi
tiODS, they might Ih'o together; thongh, in the ease of 
animals which freely C1"068 and \I"flnder much about, 
"nrieties SOf:m to be almost always confined to distinct 
localities. Bnt if we )lUt on one side polymorphic 
species, III wllich thel'nrinbility seems to be of a peculiar 
nature, and all lIlero temporary variations, such ft.8 

Si7.e, albinism, &c., the more permanent varieties are 
generally fOil lid, till far lUI I call judge, inhabiting distinct 
stations, ),igh land or low land, dry or moist districts, 
or distinct regions. Bronn also iu~i8ts that distinct 
species never differ from each other only in single cha
racters, hut in many parte; aud he asks, how it CQml."8 
that natural selection should invariably 11(\"e affected 
simultaneoualy many parts of the organisation? But 
there i8 not the least nece&'!ity for believing tbat all 
the paris have been 8imultaneousJy modified j they may 
have been gained one after the other, lind from being 
trnnsmitted together, they appear to us as if simul
taneously fonned. Correlation, howover, will account 
for various parts ellilnging, when anyone part changes. 
We have evidenoo of this ill our domestic mcC8, which 
though they may differ greatly in some one selected 
character, alwaY8 differ to a certain extent in other 
characters.. 

Bronn, again, fISk! how IlIItural selection ean account 
for differences betllcen species, which appenr to be of 
no 8Crvioo to these species, such 118 the length of the 
ears or tail, or the foldll of the enamel in the teeth, of 
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the flCveral specif'll of bares and mice? With N'l<jW!Ct to 
plan~ this IJUbjl"Ct has been recently di9CU5i!Cd by 
Kageli in an admirable e8SRy. lie admits that Mlural 
seleetion has eifocted mm·h, but he u rges that the 
familie! of plante differ chiefly from eQ('h other in mor· 
phological characters, which 800m quite unimportant 
for the welfare of the specie!. Hecou8('(}uently bcl ie"es 
in an inllsto telldcucy towards perfoction or progrcssiwl 
develoJlm(!Ilt. Ho apecifie! the arrangement of tho cells 
in tIle tissues, and of the lean~8 on tho lUis, as CI\.8C8 ill 
which nntural selectiou would fail to net. To these 
may be added tho numerical dil'ision8 iu the parts of 
t he flower, the JXl8ition of tho oVIIIes, the shall(' of the 
1It'ed, when not of any UiJ(l for disseminRtion, &e. Pro
fessor Weismann, in discussing Nageli's essay, arcounts 
for such differences by the nature of the "flr~'ing 

organism under the action of certain couditions; and 
this is! tho same with ',rhat I ha,-e called the direct 
tUld definite action of tho condit ions of life, eansing all 
or nearly all tho indi,-idllllls of the same Bpecies to ,'Ilry 
in the same manner. " 'ben we remember such Cft.SC8 

88 tho fonnation of the more complex galls, and cerlain 
mon~trosities, wilich cannot be accounted for by rOlcr· 
sion, cohesion, &c., and euddeu strongly.marked de"ia
ticus of struCtnre, such III! tho appcamnce of a moss-rose 
on a common roee, we mUlIt admit that the organi",ation 01 
the individual is el\pable through itsoll-n laws orgroll-th, 
under certain con·li t ion!, of undergoing great modifica
tion8, independently of the gradual accumulation of 
Blight inherited modifimtiona_ Varioua morphological. 
difft; rences probubly COme under this lie/HI, kl wltiell we 
~hall reellr; but many diff"ercnceg may at the pl"t'>lCnt 
time be of high IICrvice, or mlly fonnerly have l.N:>en 110, 
although .,..e are not able to perceh-e their nso; And 
these will havo been acted on by llRtnrnl selection. A 
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still larger number of morphological differences may 
certainly be looked at as the neooJMry fOIIult-through 
pressure, the withdrawal or exoou of nutriment, fin 
early.fonned part affecting a part sub&equently de
l'eloped, correlation, &o.--of other adaptive changes, 
tlH'Ough which all species must have puascd during 
their long COUI'iIC of desceut aud modificatiQn. 

No 'One will maintaiu that we lUI yet know tho uses 
'Of all the parta of any 'One plant, 'Or the functions of 
eneh cell in any 'One 'Organ. }'ivo 'Or six yeal"8 ago, 
('ndless peculiarities of structure in th4:l 8.owers of orchids,. 
great ridges and crests, and tho relative positions of the 
various parli! "'Qnld ha\'e been conaidercd 83 uselC811 
mQrphological differences; but now we know that they 
are of great service, and must hayo been under the 
domini'Ou of natural selection. No Qno at present can 
explain why the leaves in a sllire diverge from each 
other at certain angles; but wo can see that their 
IIrrallgement is related to tllCir Bti\uding at equal dis
taUl .. -e!i from the leaves on all sidl'9; and we may 
fOO8Ouably eJ:l)()()t that the angles will hereafter be 
showll t.o follow from aome sneh cnllSC, as the addition 
of lleW leaves to the crowded spire in the bud, as 
inevitably 1\8 the angles of a boo'a cell follow from the 
lIlanner in which the insecta work together. 

In certain II'hole group!! 'Of plfluts tho ovules stand 
croci, and in others they are sl).~pendod; sud in BOrne 
few plalils within tile same ovarium one ovule holds 
the former and a second ovule the latter position. 
Thceo positions seem at first pnrely morpllOlogicaJ 
nnd of 110 physiological signification; but Dr. Hooker 
inforlll8 IIlO that of the ovules within tho same o\'ariulll, 
in some Ca8C8 the upper 'ODes alone and in other easea 
1 he 1'OII'or 'Ones alone are fertilised; and he suggests 
that thill probably depends 'On the directiou ill which 
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the pollen-tubes enter. If 110, the poeition of tllo ovules, 
l'\'en wheu one is erect and tbe other iJu8pend~od, would 
{vllow from the IIClection of any slight deviation in 
position which might favour tbeir {crtilisation and the 
production ofsood. 

Several plants belonging to distinct orden habitually 
I'roduoo flowers of t"'o kinw,-the one open and o{ tho 
ordinary structure, the other closed and imperfect. In 
the latter the petals are almost alll'ays reduced to tho 
merest. rudiments; the pollen-grai!18 are reduced in 
diameter; five of the alwrnate stamC!18 are rudimen
tury in Ononis columuro i and in some SpCciCII of Viola 
three stame!18 are in this state, two retaiuing their 
Ilroper {unctiou, but being of vcry small size. In iii;,.: out 
of thirty of the doeed flowen in an Indian violet (name 
unknown, for the plants hal'e not as yet produced 
IleI'fect tlowel'8)' the 1ICpe.IB were reduced from the 
normal numoor of fil'e to three. In oue ACetion of 
tho ~Jalpighip.cero tho closed flowel'8, according to A. 
de Jussieu, are still further modified, for the five 
stame!18 which stand oPllOIIite to tbe sepal. are all 
aoorted, a sutb stamen standing opposite to a petal 
being alone developed; and this stamell i. not present 
in the ordinary 60wen of these species; the style iii 
IIOOrted; and the ol'aria are reduced from three to two. 
In all the foregoing ll\allt.i the minute closed flowel"8 
ure of high service, tor they yield with perfect fIOCurity, 
find with the upcnditure of utremely little pollen, or 
other organised maUer, a large supply of seed; whiM 
the pcrfed flo ..... el'1l penn it occa.sionul crosses with dis
tinct individuaill. Therefore, these changes may have 
bc>en, and no doubt. ha\'e been, efftlCted through natura! 
!!election j and I may add that Dearly all the gradlitioIl3 
between the perfect and imperfect floll'en may !lOme· 
timee be observod 011 the same plant. 
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With respect w modifications whicll ncee!l8arily 
follow Crom other changes-through the witbdmwal or 
exce88 of nutriment-through pressure alld otber 1111-
known inflllellces-there iii spaoo here ooly for a few 
brief ilIustrationll. In the Spanish chesnut, and in 
certaio fir-trees, the allgles of diyergenoo of tho ico.,·es 
differ, aocording to Schacllt, in the ncarly horizontal 
and in the upright hrallclles. In the common rue and 
&orne other plants, one flower, Ul!ually the central or 
tenninal one, olX'IlS fin;t, and hIlS fiye sepals and petah, 
and five divisions to the ovarium; whilst all the other 
flowers on tho plant are telrampl'Ous. In tho I3ritisll 
Adoxa the uppennost flower btenemlly 1if1.8 twe calyx. 
lobc8 with the olher organs teuam('TOlls, lI'11ilst the 
surrounding' flowers gellcmlly l1iwO three calyx.lobes 
with the other orglllls pentameTOU3; and Ihis dilfeJ'('ncc 
appears to follow from the manner in wiJieh the flowers 
are c10eely packe<\ together. lD many Compoeitll! and 
Umbelliferro. and in some oilier plants, the cireum
fercntial flowers have their corollf1.8 11I11ch more de
veloped than those of the centre; and this is llrobably 
the result of natuml selection, for all the flowers are 
thus rendered much more conspieuoll8 to those insecta 
which arc ulICful or even necessary for tlleir fcrtilisn· 
tiOIl. I n connection with tbe greater development of 
the corolla, the reproductive organs are frequently more 
or 10118 aborted. It is 11 more curiOlls fllct thllt the 
IIChenes or seeds of the circumference Slid of tlle centre 
sometimes differ greatly in form, colour, and other cha
metefll. I n Carthllmus and IJOme other Compositm tbe 
central IIChenell alone are funlished with a pappus; and 
in I1yoaeris the BIlme head yields achenes of three 
different forms. 1n certaiu Umbcllifcroo the exterior 
IIOOds, nooordillg to Tausch, lire ortboepennous, 1111(1 the 
centrol one OO,lI08permous, and this difference has been 
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oonsidercd by Th:! CandoUe as of the highert systematic 
iWllOrtanCt> in tIle family. Ir in Buch ClI&C8 88 the fore
going all the It'a"es, fiowel"l!l, fnlitll, &0" on the 88me 
plant lind been 6uLjected to preeisely the snme eliternal 
and internal conditions, all no doubt would have pre
IICnled tho snme morphological c1l1l.rnctel'tl; and there 
clearly would havo been no nced to call in the aid of 
the Ilrinciple of progressive del·clopment. With the 
minute closed. HOlvers, 88 well lUI with many degraded 
pal'rulitic animals, if it be 8Silllmcd that any Buch aid is 
requisito, wo should have to call in an inUl\to tendency 
torctrogressil'o development. 

Many instances could be given of morphological 
chanl(-ters varying greatly in llianta of tho sarno species 
growing c10ee together, or e.en on tho 88mo illdi,-idnal 
plant; an'. some of these eharnctcnI arc considered 8S 

systematically importllnt. I will specify ouly a few 
ClI8C1 which have finlt occul'l'Cd to me. It is not ncceB~ 
sary to give inshl.nces of flowers on the Bame plaut being 
iudifTercntly tetTlunerous, pentamerous, &c.; but as 
when the parts are few, numerical I'ariations are in all 
C8!JC:8 oomparatively rare, I may mention tlmt, according 
to De Candolle, tho flowers of PapaW!f bmetoolum OfTt!f 
two sepals with four peUlIs (and this is the OOIDmon 
type with I)()ppies), or three sepals witb sU: petals. The 
manner in "'hich tho pelals are folded in the bud is in 
most grouJls a constant morpholobtica1 character j but 
Profe880f Asa Gray slates that with some species of 
Mimnlus, the restivation is alm08t 811 frequently tIlRt 
of the Rhinanthidem 88 of the Antirrhinidere, to which 
tribe tho geuus belongs. Aug. St. llilnire gives the 
followiug caSOB: the genus Zonthoxylon belongs 10 a 
division of the Rutacere ",jth a single ovary, but in 
lOme of the species flowers mlly be found ou the I!tl.me 
plant, and even in tlill sarno panicle, with either ono or 
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two ovaries. In llelianthemum the capsule has been 
deecribed 1\8 unilocular 013-looular; and in H. mutabile. 
"Uoe lame, plua ou moiDs large, ,'etend entre Ie peri
carpe et Ie pla.ceuta." In tho flowel'!! of Saponaria 
ollicinaiis, Dr. ~ltultel'8 also observed instances of both 
marginal and free central placentation. Lastly, St. 
lliJaire found towards the lIOutlwrn extreme of the 
rango of Gomphia oletcformis two (orms which he did 
not at first doubt were distinct species, but he subse
quently saw them growing on tho sarno bus-h; and be 
then adds, .. Voila done dans un m~mo individu des 
logetl ot un style qui se rattachent tautot a un axo 
\·crtiee.lo et tanlat i. un gynoba&e." 

III the C8!e of thl¥ plants, will it he Mid that they 
have been detected ill the act of llrogrcssing towards a 
higher state of development? On the contrary. I 
should infer from such cbamclera varying 80 greatly, 
that they were of extremely slllall importanoe to 
the plantil themselves, of wbatever importance they 
Jl\ay be to us iu our class..ifications. Although we are 
quito ignorant of the exciting canso of each modi
fication, yet it seems probable from what we know of 
the relations of "ariability to changed condition!!, that 
nnder certain conditions the one structure would have 
prevailed over the other,and thua might have been ren
dered alm()8t or qllite constant. From the very fact of 
such diff"rellOOll being unimportant for tbe welfare of 
the species, any slight devintioll8 which did occur would 
IIOt be augmented or accumulated throngh natural 
selootion; 11IId they would be liable to obliteration 
through tho OCCI\8ional intercl'088ing of distinct indivi_ 
dUl'Ils. A structure which haa been developed through 
long-oontinuoo selection, wIlen it ceases to be of service 
to the species, will generally become "ariable, lUI we see 
with rudimentary organs; for it will no longer be 
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regulated by thia same power of selection; but on the 
otber hand, when from the nature of the organism and 
from a change in the conditions definite modifications 
iu.H'o been produeed which are unimportant for the 
wclfftre of the species, they may be, and al)parentiy 
often have been, transmitted in nearly tho same state 
to numerous, otherwise modi(jed descendants. Hair has 
been transmitted to alm08t 0.11 mammals, feathers to 
all birds, and scales to 11.11 true reptilca A structure, 
",'hate\'er it may be, which is common to many allied 
forma, is ranked by UB all of high systematic import
nnce, lind consequently is often B!lI:I\lmed by us to be of 
high vital importance to the species. Thus, as I am 
inclined to beLieve, morphological diffcrenees, wbich we 
collsider IL8 important--such 88 the arrangement of the 
leave8, the divisions of tho o\'arium, the position of 
the o\'ulcl, &c.-first appeared in many eases as fluc
tuating variations, which sooner or later becamo nlm08t 
eonsi!mt through the nature of tho organism and of the 
surrounding conditions, as well 88 throngh intercl'08Sing; 
for 88 tbese morphological characters do not affect the 
welfare of the species, any Blight devintion8 in them 
would not be IICted on or IICCumulated through natural 
selection. It is a strange result which we thll8 arrive 
at, namely that ebaracters of alight vital importanoo to 
Ihe specire. are the lnost important to the sYtitematist; 
Lut. fI3 ",e shall hereafter 5C6 when we treat of the 
genetic principle of elassification, this is by lIO means 80 

paradoxical as it Ilt first appcors. Finally, whato"er 
may be thought of this view, in none of the foregoing 
cases do the facta, R3 far as I can judge, alTord any 
evidence or the existence of an innate tendency towards 
perfectibility or progressive development. 

I need allude only to two other objections: a dis
Linguis.iu.:d botanb[, Mr. H. C. Watson, bclic\CI that I 
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have overrated the importanoo of di"crgcnoo of cbs· 
racter (in whicb, 1I0we"er, he apparently I.Ielie,·es). and 
that COlu'crgenoo of character, all it mny be called, has 
likewise played a part. Thill is an intricate subject 
which ueed lIot be fully discussed. I will only remark 
that if two specjes of lwO allied genera, both produced 
n number of uew and di,'crgeut spocies, I can believe 
that they might f!Ometimes approach each other f!O 
closely that they would for convenience' SlIke 00 clW!8ed 
in the same now geuulJ,und thlls two gencrn would con
"ergo into one; but {rom the strength of the principle 
of inheritance, and from tIle two parcnt.-species already 
ditTering and consequently tending to vary in a 8Ome
what differclll manner, it seems hardly ('!edible that the 
two new groups wonld not at. lesst form di"tinct IIOCtiOnB 
iu tho gonUli. 

inr. Walson lias also objected that the continued 
action of uatuml selection with divcrgenoo of character 
will tend to mako an indefinite numbcr of speeificforms. 
As far 88 1IIore inorganic conditions are ooneerned, it 
BCeIUIl probable that a sufficient !lumber of species would 
lOOn become adapted to all considerable diversities of 
heat, moillture, &c.; but I fully admit that the mntual 
relations of organic beings are more important; and as 
the number of species in any country goes on increasing, 
tllC organic conditiona: of life becollle !Dore and more 
complex. Consequcntly there iieelUI fit first Right no 
limh to the amount of profitabledivcrsification of struc
ture, and therefore no limit to the liUmoor of species 
which might be produced. We do not know that evel\ 
the most prolific area is fully stocked with specific 
fonna: nt tho Cape of Good HOl)C aud in Austrnlia, 
which support 8ueh uu astonishing Dumber of 8pooics, 
mally European plnDI8 have become nuturalised. But. 
geology shows us, that from all early part of tbe loug 
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tertiary lX>riod the number of species of shells, and that. 
{/"(lm the middl{' part. of thiil same I)('riod the nutuber 
of mammal .... has not. greatly or at all illcreased. Wbat 
thol cilC('ks an indefinite increase in the number of 
sl)C('iea? The amount of life (1 do not mean the 
number of specific forms) supported on anyarca must 
hawl a limit, depending 80 largely IliI it does on physical 
conditions j therefore, if an area bo inhubited by ,"cry 
many species, each or nearly each species will 00 repre
sented by few individuals j and such species will be 
liable to extermination from accidental "uctuationil in 
the naiure of the 8efLilOns or ill the nUlllber of their 
enemies. The pl'OCCSS of aler-mination in thC!le cases 
will be rapid, wherellil the production of uew slM!cies 
mu..t always be slow" Imagine the extreme cue of as 
Ulany speciea WI individuals in Ellgland, and the first 
scI'ere winter or ,"ery dry summer would exterminate 
thoU8Elude on thousands of spedos. Hare species, and 
each species will become raro if the numbcr of apecies 
ill any (."Ountry becomes indefinitely increased, wiU, 011 

tho principle often explainod, present within a gil"en 
period few favourable mrilltiona; oonseqnently, the pro
eel!8 of gi'"ing birth to new specific fOrms will thus 00 
retarded" Whcn any species becomes '"cry rore, clOilO 
inu:rbreeding will help to exterminate it; autbonl ha.\"e 
thought that this comes into Illay in aooouuting for the 
df'terioration of the .A nmehs ill Lithuania. or Red Deer 
ill Scotland, and of Beal'!! in Norway, &c. Lastly, and 
this 1 am inclined to think is the Illoet impommt 
element, a dominant species, which has already beaten 
many oompotitonl in its own home, will tend to 81lrcad 
and sU Jlplant many othenl. Alph. de Candollo lias shown 
that those species which spread widely tend generally 
to lipread wry "iddy j and, consequently, they wlil 
tend to supplant and extermiuat.e 8C'·crui sJlecies in 
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eevemi areas, and thus check the inordinate increase of 
8pecifia fonns throughout the world. Dr. Hooker has 
recently ahown that in the S.E. corner of Australia, 
where, 81lIWlrt'lltly, there ate many invaders from dif
fetent qunrtcrs of the world, the endemic Australian 
species havD been greatly reduced in number. How 
much lI'eight to attribute to these 86veral considerations 
I do 1I0t pretend to assign j but conjointly they must 
limit in each country the tendency to 80 indefinite 
augmciltation of specific form!!. 

Summary of Ohapi~,.. 

H under changing oonditioUII of lifo organic beings 
prceent individual difference. in all ports of their 
structure, and this cannot be disputed j if there be. 
owing to the high geometrical retio of increase of 
each speeiea, a severe struggle for lifo at lOme age, 
1I(l8SOD, or year, and this certainly eannot be disputed; 
thOll, collsidering the infinite complexity of the rela
tions of all organic beings to each other lind to their 
conditions of life, causing au infinite di"ersity in struc
ture, constitutiou, and llubits, to be fuh-alltagoous to 
them, it would be a moo extraordillflt)' ffICt if no 
variations ever occurred useful to each being's own 
welfare, iu the same maDDer 8!1 10 many variations have 
occurred useful to maD. But if \'ariatious useful to any 
organic being do el'er occnr, assuredly iudil'iduals thus 
cllI\N1CWri,;ed will hal'e the best chance of beillg pre
served ill the struggle for lifo; find from tile strong 
l)riJlciple rof illheritallce, they will tend to prodnce 
offspring sim ilarly characterised. This principle of 
prescrvntioll, or tho slJrI'il'al of the fittest, I hnl'c called 
Naturnl Selection. It leads to the improw:meut of 
each c~turc in relation to ilSl organic and illorganic 
oonditiOIlll of life; and consequently, in 1U000t CIlSC6, to 
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~llllt mmt be regarded e.g an advance in O1'ganisation. 
l\cvcrtheless low and aimille forms will long enduro 
if well fittLod for tlleir simplo conditions of lifo. 

Xaturu.l selection, on tho IJrineiple of qualities being 
inherited at corresponding ages, can modify tho egg, 
"",'I.i, or young, as easily as the adult. Amongst many 
Ilnimals, scltual selection will gi,-e its aid to ordinary 
sel<'ction, by assuring to the most vigorous aud best 
n>lapted males the greatest number of offsilring. Sexual 
~el('Ctioli will also givo eho.rncters useful only to tho 
1MI"", in their struggles with other males; and theso 
charaetel'8 will be transmitted to one II('X or to both 
!l('leS, neoording to tho form of inheritance which 
l,re\-ail~. 

WhetllCr natural selection has :really thus acted in 
adapting the yarious forms of life to their 8I:weral con
ditions Ilnd stations, must be judged of by the gt:nernl 
tr'1l0f and bnlance of t110 o,-idence given in the following 
(·hapters. But we nlr(!adY.lKle how it entails extinction; 
find how largely extinction has acted in tho world's 
hiblory, geology plainly declares. Katurnl selection, 
alJlO, leads to di\-ergence of character; for tho more 
o'l!'lIlic beings di,-erge in structure, habit&, and consti
tution, by so mud. calli a greater number be supported 
on the snme arca,--of which we see proof by looking to 
thn inhabitants of any filnall spot or to natumliscd 
llroduelions. 'l'herefore, during the modification of tho 
d('''''-noanta of anyone species, and during the incessant 
~tnlf!'p;le of all species to inerease in numbers, tho more 
(h"n>ificd these del!CCndants become, the better will 
I ... · their dmnce of su('('OO(ling in tho battlo for life. 
TIIII~ the Fmall differences distinguishing "arieti('8 of 
tl,e Mffie ~pooies, steadily tend to incrcllll(', till they 
( ... mw to equal tho greater differences betwccn species 
(,f tho snmo genus, or e"en of distinct genera. 
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'Vo have seen tlmt it is the common, the "idely. 
diffused, Ilnd widelyomnging @)>ecies, belonging to the 
llll'{;\!f gcn('r(l. within ench c1o.."6, wbirh WIry mOllt; and 
these tend to transmit 10 their modifloo offspring that 
superiority which DOW make!! them dominrUlt in their 
own C()uutries. Naturnl sel~tion, as has just be<on re
marked, letttis to din!rgt'uce of e1mrncter amI to flluch 
extinction of the IClI!! improved and intermediate forms 
of life. On these priuciplCll, the no.luro of the affinities. 
and the generally well-defined distinctions of tho in
numerable organic beings ill etlCh class throughout tho 
wodd, may be explnincd. It is a Inlly wonderful fact 
-tho wonder of which we fire npt to o\Oerlook from 
familiarity-that all animl\ls and all plants throughout 
ull time and llpacc 8hould be related to each other in 
Ilaturni groups subordinate to groups. in the mnnner 
which we e"erywhero behold-namely, mrieties of the 
8O.me spc<:ies most closely rf'iated together, species of 
the 8O.me genus lcsa closely 1\11(1 lmequally related 
tOg.'ther. forming sretions lind sub-genem, species of 
distinct genera mudl lcsg doedy relnled. nO(I genera 
related in different degrees. forming 1mb-families, rami· 
lies. orda"". SlIb.claSS(.'8, and "'asses. '1'he severnl sub
ordinau- groups in nny dll.'l8 connot be ranked in 1\ 

single file, but seem mUler to be c1wtcred round points, 
and theso round other poinb. and 80 on ia almost 
endless cyeles. If each species has been independently 
crented, no (,'lplallation cnn be g1,'cn of thi9 great fact 
in the classification of all orgnnic beings j bllt it is 
explaincd til rough inheritance and tIle complex action 
of natuml sciection, t'ntailing e'ltinction and di,'ergence 
of character, fIiI wo hal'e seen illustrated in the diagrnm. 

'l'he aflinitieB of nil the beings of tho 8nllle class hal'o 
80Ulctimes been J'CllTC8ellted by n great tree, I belicl'o 
tllil similo largely speaks tho truth. 'Ino greeu nnd 



''''' 
bud,ling twigs may represent existing specics; and 
thO!;O IlrOOUcro dun liS former yCM! may repl'C8l!ut tho 
long 8uco::c ... ~ion of extinct speck'S. At. each period of 
growth all the growing twigs have tried to bnwch out 
on all lIide~, and to o,'erl.op and kill tho surrounding 
tv.igs and brunches, in the same mallller as species and 
grollp3 of species have at all timos ovcrmMtcrcd other 
sl>I'Cice ill tho great battle for lifo. The limbs divided 
illto g-rent brunches, ILnd theBe into lesser and lesser 
bmnchCll, wero thcmsehee once, when the tree was 
smalJ, budding twigs; and this connection of the former 
and J)f"CII<'n~ buds by ramifying branches may well 
"'present the c1ussificntion of all cxtinct and liying 
spt .. ·iee in groups subordinate to groups. Of tbe many 
twi;p! which nourished when the tree was a lUcre bush, 
only t\\O or three. I\OW grown into great brooches, yet 
IlIm-jl'O ami bear all the other brandlC8; 80 with tho 
species \Ihich lived during long-pnst goolo<,,;'icai periods, 
,,'cry few now Lave li\-ing and modified descendants. 
}'rom t]IO first growth of the troo, many II. limb and 
lonU\('h haa decayed and droppt-d off; and thcso lost 
bran('ill'8 of \'ari01l8 sizes may rCllrc8Cllt those wholo 
orders, fallliliUl, and genera which IIM'O IIOW no living 
re~Dt8tiH''', and which are kllol\'u to UiI ollly from 
being found ill II. fossil state, All we hero IUld thero 
see a thin stf1lg',,;'ling branch springing from II. fork 101\' 
down in II. tree, and which by some chanco hIlS been 
fnourro nnd is niH ali,'o on its 8ummit, 80 we occa
aionnlly ace ali animnl like the Ornithorhynchus or 
vpidoo;lff'n, \\hich in some small degroo connccts by its 
aftillitie8 two largo branchcs of life, and which htu! 
.ppar('ntly been 6!wed from fatal competition by having 
inhabited n protected station, All buds g ive rise by 
gro",th to fresh buds, and these, if \'igoroUB, brauch out 
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and overtop on all sides many a feebler brunch, 80 by 
generation 1 believe it hBS been with the great Tree of 
Life, which fills with its doad and broken branches tho 
crust of tho eMtlI, and covers the surface with its o'·or
branching amI beautiful ramifications. 

© The Complete Work of Charles Darwin Onlme 
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CHAPTER V, 

EfI'oct. of clla~ oonditions-U.., and dilute, cowbined with 
IlAturaJ."'IO)Ction;~orlljgbtandorTiaiOD_AoclimatiM
tion - CorreJat«l ,1I1iation - Cornpenatioo and eoow.>my of 
growth-t'uoonclatil':m-Multiple,rudilllClltary,andlo"'ly 
orpniIaJ. ItMlCtlln!ll Tariable_ Pan. dnelopcd ill an ullusual 
IIWllICf are highly variable: lpecilie char.cten more variable 
than gmt'Iic:: lIfOOI>liary"~nal cJwaeteq .. ariable-Speciaof 
tbe lUlle 8'l"1lS"U'Y in an anal~ malllIft"-I\cTI.'niom to 
loog·lo.t dwacten- SlllllIlW"J". 

I !fAYE hitherto sometimes spoken IlB if tlle variations 
-80 common and multiform with organic beings under 
domestication, and in a lesser degrce with those in a 
state of nature-had been duo to chance. This, of 
course, is a wholly incorrect eJ.:pression, but it serves to 
acknowledgo Illainly our ignorance of the canso of each 
particular YBriation. Some authors believo it to be 88 

much tho function of tho reproductivo system to pro
duce inwl'idual differences. or slight deviatiollll of strnc
tUn>, as to make tho child like ill! parellts. But the 
fact of vlll'iations aod monstrositica occumllg much 
more frequt:!ntly under domestication than under nature, 
and tho greater variability of species having wido 
raoges than of those having restricted ranges, lead 
to tho conclusion that variability is direcl1y relatt:!d to 
tho conditions of lifo to which each SpcciC8 has been 
eSllOIICld during several succesai\'o generations. In the 
Jim cliQllt.cr I attempted 10 show that ehanged COIlW
tiQIUI act in two ways, directly on the wholo organisation 
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Of on ceriain parts alone, and indirectly through the re
productive system, In all cases there are two factors, 
the nature of the organism, which is much the most. im
porlnnt of tho two, and tho nature or tho condition!!. 
Tho direct action of changed conditions leads to definite 
or indefinito results. In the lntter case tho organisntion 
IiQCrns to broome plastic, nml we have much fluctuating 
vnrinLility. In tho former case tho Ilature of the 
organism is mell that it yields readily, wheu subjected 
to certain conditions, and all, or nearly all the indi
viduals become modified in the sumo way, 

It is TCry difficult to Ilecido how far changed condi
tions, mch as of climate, food, &c" III\\'e acted in a 
definite manlier. There is !!Omo I'Ca8On to believe that 
in the OOUf!I(l of timo tho effect.'! havo been grenter than 
can be pnm:;d to be the case by any denr e\'idence. 
Dut wo may safely concludo that tho innumerablo 
complex C<Hldal)tatiolls of structure which wo see 
throughout nature between yarious organic beings, 
cannot be nttributed simply to such netion, In the 
following cases tho conditions secm to hnvo produced 
aomo digllt definite effect: E. Forbes asserts that 
shells nt their southern limit, and when lh-ing iu 
shallow water, are more brightly coloun!d than tb060 of 
the BUrne spreies from further north or from a greater 
depth; hut tllcse sta.tements ha\'O lately been disputed. 
M ... G(;uld believes that birds of tho snme l!pOOies are 
more brightly coloured under a clear atmosphcre, than 
when Ih'ingon i.sla.nds or near tho eoost; and Wollaston 
is convinced that residence near tho BCa affects the 
colours of insects. Moquin-Tandoll gives a list of 
plants whieh when gt'O"ilig ncar tho sea-shore have 
their leaves in some degree fleshy, tllough not elsewhere 
fleshy, Other similar facts could be gil'cn. 

'fho fact of yaneties of one species, when they range 
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into tho habitations of other spe.~ies, often acquiring in 
a sli~ht de-,.!"n>e some of their chametcrs, IHWrds with 
the \-iew that species arc only wcll-mnrkcd and l)er
mancut I'arictic8. Thus the specioll of shells wllich 
are confined to tropical and ~hallow IICtuI are generally 
brighter-coloured than those confined to eold aud deeper 
SCfUI. Tho binb which aro confined to contincnts are, 
according to Mr. Gould, brighter-coloured tlLaIl those of 
islands. 'L'ho in.sect-specics confincd to sen-coost!', 1.18 

(:Vl'ry l'ollcdor knows, are often lomas)' or lurid. Plants 
which lil'o exclush-ely on tho sea.sido are \'cry apt to 
hlll'O fleshy IOIl\'elI. He who beliel'es ill tho creation of 
Meh species, will ho'l"o to say that tllis insect, for in
stfinC'e, 11'08 crcnted of a brassy oolour, beca.Uf;(l it W8!I 

intended to lire ncar Ole lICit, but Olat this other insect 
becamo LH'as.~y through ,"ariatioll as 1001\ as it reached 
the IICa-coast. 

WllPn Il varintion is of the slightcst usc to any being, 
11'0 cannot tell how lUuch to attribute to tho occumula
til'o nction of natural selection, (\I\d how milch to the 
definito action of the conditions of lifc. Thus, it is well 
knowli to furrion that animals of tIle 8O.luO species hll.\"o 
thicker and better fur Illo further north they iil'e; but 
who CD.n tell how lUueh of thig difference may be due to 
tho wannCflt~lad indil'idua.ls ha,-ing heen flll'oured and 
IIrt'Selved dnring many generations, and how much to 
tho oction of the se,'ere climate? for it would appear 
that climato has BOmo direct action on the hair of our 
domestic quadrupeds. 

1nstances could be gil-on of lIimilar \'orictiea being 
produced frow tho Silllle species under oxternal con
ditions of lifo Il..S different as CD.n well be conceived ; 
.and, 011 tho otller Mud, of dissimilo.r \'lLrietie8 being 
produPCd uuder o.llpllrently tho 8O.mo exterual cou-
4iti"us. Again, illllumernble instanOCfl are kuolI"n to 



1GB EFFECTS OF r;SE A.'W DISUSE. 

every naturalist, of species keeping true, or not "arying 
at all, although living under the most opposite e1iwatcs. 
Such considemtious as these ineliue we not to Illy much 
weight on the direct and definite action of tho conditions 
of lifo; but I fully admit thllt strong arguments of • 
geneml nature may be advlluced on the other side. 

11\ one sense the eonditiolls of life may be sBid, not 
only to cause Yfu-iahiiity, but likowise to illelude natural 
selection j for the conditions detcmlino wllcthcr this or 
that variety sl1811 sur"i\·e. But when mllll is the .selecting 
agent, we e1early see that tho two elemena of change 
are distinct j the conditions calise tllO "ariability; th., 
will of man, acting eitllcr consciously or ullcollsciously, 
accumulates tho mriatiolls in certain directions, and 
this auswers to the sun-ivaI of tho fittest under llature. 

EffecU of l:M and DisutJe, a. conI.rolled In) }latll.ra]. 
Selt!ction. 

From tho fucts alluded to ill the first ehaptu', I think 
there cau be 110 doubt that uso ill Ollr domestic animals 
strellgthellll and enlarges Ci!rtaiu parts, and disnse dimi
nishes them; and that Buch modilicationsare inherited. 
Under free DatUft', we have no standard of comparison, 
by wllich to judge of the effects of long-continued use 
or disuse, for I\'e know not tllO parent-forms; but IIlfUlJ' 
animll.m lla\'e structures which can be explaiued by tho 
c.fTccta of disuse. As ProflNOr O"'on has remarked, 
there is no greater anomaly in nature than a bird that 
cannot fiy; yot tllefO arc seveNlI ill tbis state. The 
logger-headed duck of South America can olily f1I1P 
along the Sllrftlce of tho Wilier, and hl\8 its wingB ill 
nearly tho same condition 88 the domestic J\ylesbury 
duck. As tho larger groulld-feeding birds seldom take 
flight except to escape danger, 1 belic,'o that tho nearly 
wingless condition of se,'eral birds, which now inhabiL 
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or have lately iDhabited Bel'eral ocennie islnnds, teDanted 
by no beast of prey, hUll hocn caused by disullC. The 
ostrieh indeed inhabits continent8 and is e:lpoeed to 
danger from which it cannot cecape by ftight, but by 
kicking it cnn defend itself from enemies, as well as any 
or tho smaller quadrupeds, We IIIRy belie,'e that the 
progenitor of the ostrich genus had habits liko tiIOfl() of 
a bustard, and that, as Ilatural selection increased in 
8uCCCi!ai,'o generations tho siro aud weight of its body, 
its legll were used lUore, Rnd its wings less, until they 
became iueapable of flighL 

Rirby luUl remarked (and I hlL\'e obsen'ed tIle same 
fact) that the anterior tarsi, or (oot, of many male dung. 
feeding ~l1es are ,'cry often broken ofT; he uamined 
se,.enteeu specimells in his own oollection, and not one 
had even a re1ie left, In the Onites apelles the tarsi 
IU'O 80 haLitually l08t, that the insect has been described 
as not having them. In some other genera they are pre
IICnt, but in a rudimentary CQndition. In the Ateuclms 
or sacred bootie of the Egyptians, tlLey are totally defi
cieut. Tho e"idence that nccidt:ntol mutilations can 
be inherited is at prescot not quite deeish'e; but the 
remarkable case obsen'ed by llrown-8equard of inhe
rited epilepsy in guinea-pigs, caused by an operation 
performed ou the spinal chord, should make Ull cautions 
in denying such power, Henee it will perhaps be 
.fest to look ai the entire abeellce of tlie anterior tarsi 
in Aleuchus, and their rudimentary condition in some 
otlwr genera, as due to the efTects o( long-continucd 
di,uSOi for ilS JUuny dung-feeding bootlefl nre gencra!!y 
found with their tarsi lost, this must 11appeD carly in 
life; therefore tbo tarsi cannot be of much importaDoo 
or be lILLlCh used by these insects. 

In somo eases we might easily put dO"'11 to disuse 
modificatiolls of structure which are wbo!!y, or mainly, 
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due to naluml selection. :Yr. W olla.ston lms diS('()\'ered 
the remarkable (act tiJat 200 beetles, out of tho 550 
species (but more are now known) which inhabit ?Ira· 
deira, are 80 (ar deficient ill winge that tl~y cannot 
fly; lind tllnt, of the twenty·nine cndemic b'Cllero., no 
lelJfl than twcnty.three genem 1I0.ye all their BI)CCiell in 
tllis condition! Sereral facts,-namely, that beetles in 
Ulauy parts of the world o.ro fre<Jueutly blown to sell 
and perish; that tile beetles in Madeira. 1\8 oLserl"oo by 
i\[r. W ollaston, lie mueh concealed, until tho wiud lulls 
and tho sun shines; that tho proportion of wingless 
beetles is larger on the exp!ll!Od Desertaa than in Ma
deim ili!elf; and especially tllO extmordinary fact, 80 

strongly insisted on by Mr. Wollaston, of the alnl()6t 
entire o.becnce of certain largo groups of beetlCll, else
where exccssl\'ely numerous, and whidl groups 11a"e 
habits of lifo almost necessitating frequent fligllt;
tll<!8(l so,"eml considcmtions llnl"o mado mo bcliC\"e that 
tho wiuglcSlJ condition of 80 many :Madeim bc<!tles is 
mainly due to tho netion of natural selt'(!uon, hut com· 
bined llrooohly with disuse. !-'or during many sue-
ccah'o generations each individual beetlo which flew 
lenst, either (rom its winfr-l ha\"illg been e,'er 80 little 
less IX'rfectly developed or from indolent habit, will 
htn"o had tho best cimllce of sun'h'ing fronl 1I0t being 
blown out to 1ICa.; and, 011 the other hand, those beetles 
whieh most readily took to flight would ortcnest have 
been blOIl"n to sea and thus havo been destroyed. 

The insects in Madeira which an! not ground-feeders, 
and which, as tho flower-feeding colcoptem and lepidol)
tera, must habitually use tlleirwings to gnin their subsist
ence, have, as ?lfr. Wollaston suspects, their wings not 
at nil reduced, hilt c,'Cll enlarged. 'l'his iii quito com
patible wiUI tho action of Datural &election. }~or when 
a. new insect first arrived on tIle island, tllO tendency 
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or Datuml selection to enlarge or to reduce tho wings, 
would d<'l.end on whether fL greater number of indiyi
dusb were SIl\'cd by successfully baUling with the lIind!!, 
or by gi\'ing up the attempt and rarely or utwer flying, 
As with mariners shipwrecked lIear 1\ OOIl8t, it would 
lum:l been Ix:tter for the good 8wimmCI1J if they had 
been able to 8wim still further, whert'M it would hayo 
been better for the bad swimmers if they had not been 
able to swim at all and lInd stuck to the wreck. 

The eyes of moles and of l'Ome burro" illg rodents are 
rndiolentary in size, and in some C88(l11 are quite coyercd 
up by @kin and fur. This state of the eyes i8 probably 
{iu<' to gmdual reduction from disuse, but lIidcd perhaps 
by natural selection. In South Americn, a burrowing 
rodent, the tUf'OotuCQ, or Ctenomy!!, is e,'Cll more subter
rnllean in its habits than the mole; and I Willi fUlSUrcd 
by a Spaniard, "ho had often caught them, that they 
were frequently blind; one which 1 kCllt ali,'e Willi cer
tainly in this condition, tho canso, 119 appeared on dis
bcction, having been inflammation of the nictitating 
mcmbrnne. & frequent inflammation of the eyes must 
00 injuriolls to any animal, and as eyes are ecrtain1y 
llot necessary to animals h.a"ing subterranean habits. 
Il redl1ction in their size, wilh the adhesion of the eye
lid~ and gt'O"·th of fur o\'er them, might in such CI\!e be 
an adVllutage; and if I!O, natural selection would COD
IIlantly aid the effects of dis usc. 

It is well knowu that se,·erul animal!', belonging to the 
most different eJassea, which inhabit the l'1l.Ves of Cllmi_ 
ota lind of Kentucky, nrc blind. III some of tile crabs the 
foot..s,tnlk for tho oye relliains, though the eye is gono ; 
tho stand for the telescope is there, though the tclellCOp6 
lI'jlh itIJ glllS8e8 lias beeu l06t. _".6 it is difficult to i llla
~ine that eye~ though useless. could be in any wily 
iujurious to animals li"ing in darknCS8, I attribute their 
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loss wholly to disuse. In ono of tho blind animals, 
namely, tho cave-rat (Ncotoma), two of which were cap
tured by Profcssor Silliman atabovo half a milo distance 
from the mouth of the cave, nn(1 therefore not in the 
profoundest depths, the eyes were lustrous and of large 
size; and these animals, as I am informed by Professor 
Silliman, after having been exposed for about a month 
to a graduated light, acquired a dim perception of 
objects. 

It is difficult to imagine couditions of life more simi
lar than deep limestone caverns under a neArly similar 
climate ; so that., 011 the common view of the blind ani
mals hAving been separately creAred for the American 
ami European CU\'ern9, very close similArity in their 
orgfllli&ltion and affinities might ha,'e been expected. 
'l'his is certainly not the case if we look At the two whole 
falluag; and with respect to the insects alone, Schiodte 
hag remarked, "\Ve are accordingly prevented from 
considering the entire phenomenon in uny other light 
than something IJUrely local, and tho similarity which is 
exhibited ,in a few forms between the Mammotb cnve 
(in Kentucky) and tho caves in Carniola, otherwise 
thAn as n very plain expression of tllnt analogy wllich 
subsists generally between the fauna of Europe aud of 
North America," On my view wo must suppose tllUt 
American animals, having in most cases ordinary powers 
of "isioll, slowly migrated by suceessh'e genemtions from 
the outer world into the deeper and deeper reecsses 
of the Kentucky caves, as did Enropean animals into 
the caves of Europe. We havo some (widcnce of this 
gradation of llllbit; for, us SchiOdte remarks, "Wo 
accordingly look upon the subtermnean fauuas as small 
rmnificutions which have penetrated into tllO earth 
from the geographically limited fauMs of tho adjacent 
tracts, and which, as they extended thcmsches iuto 
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darkness, ha\'e been nc<!Ommodatoo to surroundiug cir
cumstances. Animals not far remote from onlinary 
forms, IlrepRro tho trnnsitiOIl from light to darkoCl!S. 
Nut follow those tllat are constructed for twilight; 
and, last of all, those destined for total dtlrknCS8, and 
whose formation is quito peculiar," ThCflC remarks of 
S,·hiOdto's, it should be uuderstood, aplliy uot to tho 
Mme, but to distinct specie!!. By tho time that an 
tlllirnni had reached, after numberless gcncmtion~, tho 
dto('pest 1'CCCII8C8, disuse will 011 this ,-jew Im"e more 
or lees perfectly obliterated its eyes, and natuml 
.. leetioll will often ha,'O effected othcr changes, such as 
an incl't'88e in the Icngth of the antemllC or palpi, lUI 
n compensation for blindness. Notwithstanding such 
modi/It-ations, we might expect IItill to see in tho C8\'o
animals of ,AmeriCa, affinitiCl!! to the othcr inhabitants 
of that continent, and in tl1060 of Eurolle to tho inha_ 
bitrmts of the European continent. And this is tho case 
with !IOlilO of tllO American cu,'c-animai8, lUI I hear 
from l)rofessor Dana; and SOlDe of tho Europeall cave
iUk'tU aro \'cry closely allied to those of tho surround
ing country. It would be mOlit difficult 10 gi,'o auy 
rational c.lplanation of tho affinities of tho blind CM'e
animals to tho other inhabitants of tllO two contincnts 
(In the ordinary view of their independent creation, 
That several of the inhabitants of the CflrNl of the 
OM and Ne\\' World~ should be closely related, wo 
mi;.:ht C.lpect {rom the wcll-known relntionship of lD06t 
or thcir otller productions. As a blin(! specics of 
lJnthyscin is found in abundance on shady rocks fllr from 
('\"~.~, tho loss of ,-i8ion in tho care-spccics of thill oue 
~("nuJ h:IS probably had no relation to its dark 1mbila
timl; and it is very IlfItural that an insoet already de
l,ri,"OO of ,'illioll sllould readily becomo adapted to dark 
('8,·erna. Another blind genus (Anopllthalmus) offers 
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this remarkable pecuiinrity: the 8e,'ernl distinct species, 
as Mr. :Murroy IIIUl remarked, inhabit sc,'crol di£tinct. 
Eurol)ean ctI\"t's and likewil!O those of Kentucky, and 
the gemUi is found nowhere C.!ccpt in carl'll; but it 
is JXlSSible that the progenitor or progcuitors of these 
severol speci('!l, whiltit furnished with eyes, fonnerly 
may llll.re ml\~.ed widely over both continents, and 
then have become extinct, excopting in tbeir IJrest:nt 
sednded abodes. Far from fooling surprise that aomo 
oflhe eiW(Hl.nimals 8hould be rery anomalous, as Agassiz 
has remarked in regnrd to the blind Bsll, the Ambly
opsia, and lUI is the CfUI(l with tbe blind Proteus with 
reference to the rcptilCil of Europe, 1 am only surprised 
that moro wrocks of ancient life have not been pre
served, owing to the less se,'ero competition to whieh 
the inhabitants of these dark abodes must lmvo been 
exposed. 

Acclimati!lIlion. 
, Habit is hereditary with plants, CL8 in the period of 
flowering, in tho nmount of ra in requisito for scMs to 
germinate, in th(\ tinUl of sloop, &c., and this leads me 
to soy a few words on acclimatisatioll, As it is ex
tremely comUlon for spedes of the some genus to inllabit 
hot and cold countries, if it be InLe that all the species 
of tho ealllo g('llus liTO descended from a single parent
form, acclimati,ation Ulu~t be readily effected duriug a 
long course of desccnt. It is DotOriOns that each species 
is lIdapted to the climate of it.IL 011'0 home: species from 
an arctic orC"cll from a tcmpcmte I'<'gion cannot endure 
a tropical ciimnt!!, or coln'erscly. So agnin, many suc
culent plnnts cannot. enduro a damp climate. But the 
degree of adaptation of 81>Cci!!9 to the climates under 
whieh they live is onen overrated, We may infcr this 
from our frequent inability to ]Jredict. whether or not an 
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import(.ltl I)hmt will endure our climate, and from the 
number of plants and animals brought from different 
oountri"ll whi('h are here perfectly IJenithy. \\'e II/we 
re4IIol\ to Ix-'lie\'e that llpecies in a stale of nature are 
dtJll(-ly limited in their ranges by the C{lmpctition ef 
atller organic beill~ quite as much as, or moro than, by 
adaptation to pArticulllr climatCli. But whether or not 
tb(\ ndnl)tation be generally "ery close, wo havo evi
dence, in the enso of 80me fewI)lants, of their becoming, 
to a ecrlil in extent, nlllurnlly habituated to different 
tempernturcs; dlat is, they becomo acclimatised: thus 
tbe I'incs and rhododendrons, milled from seed collected 
by Dr. Hooker from the same species growing at dif
fen-nt heights on the Himalaya, were found in this 
OOlmtry to f!06SC8S different oonstitutional powers of 
retci.ting cold. ~Ir. Tlrwaitcs informs me that he has 
ol..!er'"oo similar facts in Ceylen j allalogous obeer"ations 
ha,"O been mado by Mr" II. C. Wntaoll en Europeal) 
species of plants brongilt from tile Azores 10 England; 
and I could give other cases. In regard to animals, 
III',-cml lIuthentic instances could be adduced of species 
'Within historical times having largely extended their 
range from warmer 10 eooler latitudCi!-, and oon"ersely j 
but we do net poe.iti,"eIy know that these animals were 
atrictly adallted to their nath"e c1imaw, though in all 
onlinllry tfla'fJ wcassume sucb to be tho case j Ilordowe 
know that they 1111,"e mbsequently become !lpecinlly 
act'limatil!Cd to their now homes, 80 as to be betwr fitted 
for them than they were at first . 

• ulI"e may infcr that our demestic llnimals were ori· 
ginAlIy choson by uncivilised IJUlIl becnuse thoy were 
QIII·ful ft,l1fllJeclul86 they bred readily ullder confinemcnt, 
and DO\ lJccause they were subsequently found capoble 
01 fa~xtt nded transportation, the common and extraor· 
dinary capacity ill our domestic animal. ef llOt only 
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withstanding the moot different climates, but of being 
perfectly fertile (a far 8e,-erer t('!!t) under them, nlay 
00 used lUI an argument that a large proportion of other 
animalll Mil' in a state of llduro could easily be brought 
to boor widely different climates, We must not, how
cn:!r, push the forcgoing argument too far, on aooount 
of the proooble origin of some of our domestic animaL! 
from 8C\'erol wild stocks; the blood, for instance, of a 
tropiral and nretic wolf or wild dog may perhaps 00 
mingled in. OUT domestic breeds. 'fho rot Dud mouse 
cannot be considered 01 domestic animnls, but they have 
bet!n transported by man to mony parts of tho world, 
IlIld now ha,'O a far \\idcr rnngo than any other rodent; 
for they li\"(~ under the cold climate of Faroe in the 
north nlld of tiiO Falklands in tho lOuth, an(1 011 many 
i:;lalldEJ in the torrid zones. ]]ell('8 adaptation to an)" 
special climate may be looked at lUI a qUAlity readily 
grafted on all innate widc flexibility of constitution, 
common to most animals, On this yiell', the capacity 
of enduring: tho most different climates by mall himself 
and by his domestic animals, and tho fllet of tho ""tinct 
clcplmnt fi nd rhinoceros ha,-illg formcrly elldured a 
glacial climate, \\hereas the living ~peei(>8 are now all 
tropicnl or sub-tropical in their habits, ought not to be 
looked at as anomnliCl!, but as exam)lles of a vcry com· 
Jnon flexibility or constitution, Lrought-, under peculiar 
cireumstallet'8, into action, 

How lUuch of the acclimtltisation of species to any 
peculiar climate is due to mere habit, and how much to 
the natural selcdion of \'8rietie8 ha\"ing: diffel'Cnt inn!lte 
con8tit\ltion~, nnd 110w murh to both menns combined, 
is an obseure question, That habit or custom hill! some 
iJiflucncc I must belie\"e, both frOln analogy and from 
tho inccunnt 81h'ioo gi,'en in ~"Ti('ulturnl \rorks, o\"en 
in the ancient Eueyclopredins of China, to be "cry can-

Ii"l .., -,.., 1 .... '11 Fe arlll!l a 1I10nhn 



C.UP. V. 177 

tious in trnnsportillg animals from ouo diliirict to au
otller; for as it is 1I0t likely that man sllollld have sue
cee.:h..J ill selecting 80 many breeds and sub-Lreeds \I ith 
constitutioll.'j sj)CCially fitted for their own districts, the 
""ult must, 1 think, be duo to habit. On the other 
hand naturel selection would inc\'itably tend to pre
IiCrvo tho"o individuals which were born with constihl
tions l>e~t adapted to any country which they inhabited. 
In IrcatiBCfl 011 many kinds of cultivated 1)10nIS, certain 
Hlrietics are said to withstand certain climatf'S h<-tter 
than others; this is \'cry strikingly shown in works on 
fruit-trees published in tho uni(( . .J Rtat1'!8. ill which 
ce-rfuill Huictics are babituaUy rt'COmmendL.J for the 
northern and others: for tho sonthenl l:itak's; and as 
mOl!t of these l'l\rieties are of fCC!'lIt origin, th~'y cannot 
owo their oonstitutional differenccs to hnbit. The CRse 

of the Jcrusalem artichoke, wbich is nCl'er Ilropngnted in 
Englnnd by 8Ce<I, and of which consequently IiCW "ario
ties luwo not ooen Ilroduced, hag o\'en been advonced
for it is now ag tender as ever it wo.s--ll8 proving that 
acclimatisation cannot be effocted! 1'110 case, also, of 
tho kidn~y-bean has ~n often cited for a similar pur
poo;c, and with mueh greater weight; but until /JOUlO 

one will 8OW, during n. score of generatiolls, his kidney
beans ~car1y that n. ,-cry large proportion arc destroyed 
by frost, anll then collect seed from tho fcw sur\'i\'Ors, 
..... ith care to prevent accidental crosses. and then again 
~t seed from these seedliugs, with tho samo precau
tions, tho experiment cannot be sai(l to have heen 
trioo. Nor let it be supposed that differences ill tho 
constitution of seedling kidney-1JetIlIll nevcr appear, for 
an IICcount has been publisllCd how Illuch morc hardy 
IOmo 8I'OOling& were than others:; and of this fact 1 
ha,'o myself observed striking instancCl!. 

On the wholo, I think we may concludo toot habit, 
N 
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or use and disuse, IIB'!"e, in some e8l!Cll, I)To.ycd a consj· 
demble part in the m(Xlificatiou of the constitution, and 
of the structure of n~riOU8 organs; but that tho effects 
of use and disuse havo OftOIi been largely combined 
with, and sometimes O\'Crmo.stered by, the nntuml selec· 
tionofinnntevariatiolUl. 

Corrtlat~ Variation. 
I meau by this exprc&.ion that the whole orgnniSlltion 

is 80 tied together during its growth aud (Ievelopmeut, 
that when slight variations in any ono Imrt OCCILr,o.lId 
are accumulated thro\\gh natuml sclection, other parts 
become modified. Thi:s is 11 "ery important slIbjcct, 
lIIost imperfcctly undl'rstood, and no doubt tolnlly dif· 
Cerent el\l.S.'ieS of facts may be hero easily ooufoundoo 
togcthl'f: we shall preeentiY800 that simple inheritance 
often g-ives the f.llse appearance of oorrclation. The 
most obvions instance of real correlation i~, that vari· 
filioli! of ~tructUl"e urising in the young or in tho lam E 
uatllrolly tend to affect the structure of tho mature 
animal; in tho saDie mauner o.s any maloouformation 
in tho early embryo is known seriously to affect the 
wholo organisation of the adult. The severnl ports of 
the body which are homologous, and which, at an early 
rmlJrronic prriod, arc idcntical in structure, and which 
nrc nCCi"SAArily e:o;po8('d to similar conditions, seem emi· 
11(,lItly liablo to \!lry ill a liko manllcr: we B(!O tll is in 
tIlO right Ilnd ldt sides of tho body varying in tho samo 
munllcr; in tho front and bind legs. and even in tho 
jaws ami limbs, mrying together, (or the lower jaw is 
belic\'oo by some anatomists to be homologoll8 with the 
limbs. These telldcnciC!, I do 1I0t doubt, mav be mas-
tered more or ICSlIoompletely by natuml selection: thus 
a fnmily of sw.g8 once (lxisted with an antler only on 
ono side; and if this had been of any great tlfIC to the 
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brood, it might probably ha,'c been renden!d pcnnnnent 
byaelcction, ' 

Homologous parts, IlS IIIlS been remArked by aome 
authors, tend to cohere j this is often seen in monstrous 
plants: and nothing is more common than the nuion of 
homologons parts ill normal structures, Q8 the nnion 
of the petals of the corolla into a tube, liard parts 
seem to affect the forms of adjoining soft parts j it is 
believed by some 11l1tho1:'8 that the diversity in the shape 
of the pelvis in birds causes tl10 remarkable di"crsity 
in the shape of their kidneys. Others believe that the 
~bape of the pelvis in the hnman mother inHuenccs by 
)ll'('Bmlre the shal)C of the head of the child. In soakes. 
o<.'COrding to Schlegel, the shape of the body and the 
manner of swallowing detennillC the position and fonn 
of IICl'cml of the mOllt important visceru. 

The nature of the bond of correlation is frequently 
quite obscnre. M.h. Geoffroy St. Hilaire has forcibly re· 
marked, that certain malconformatioDs very frequently, 
and that others rarely coexist, without our being able 
to ll.'lSign any reason, \Vhat can be more singular than 
in mid the relation between complete whitellcss witiJ 
Llue erCll and deafness, or between the tortoise-ellell 
<'Olouf and the female sex j or in pigcoll8 between their 
feath(·red f(.'(!t and skin betwixt the outer toes, or be· 
tween the presenoo of more or less dOl\'O 00 tllO YOUllg 
I.ird whC'n first lu~tclled, with tJle futuro (.'Olouf of its 
piumag-e j or, agnin, the relation between the Imir and 
tel'lh in the naked Turkish dog, though here no dOllbt 
bomolOfO' comes into play? With respect to this latter 
CIIse of correlation, I think it can hardly be nccidental, 
that, if we Iliek out the two orders of mamDlals which 
are m()l:t abnormal ill their dermal co\"cring, viz., Cetacea 
(' ... bath!) imr! Edentala (armndillocs, sc:aly nut-caters, 

:s 2 

R t. W r1ar;frh 



180 

&0.), these are likewise the most nbnonulll in their 
teeth. 

I know of 110 oosc better ullaptoo to show tho im· 
port.o.uCil of the l11w8 of v8Till.tion and correlation, in
dependently of utility and therefore of natural selec
tion, than that before referred to, of the dilTercnoo 00-
tw~n the onter and inner flowers in sollle Compollitous. 
and Umbelliforou9 plants. Every ono knows tho dif
ference in tho my and central Borets of, for instance, 
the daisy, and this difference is often nceompanied witlt 
tb(j partial or complete nbortion of the reproductive 
organs. But ill 80100 of these plants, the SCC(ls also 
differ in shape and sculpture. These (lifferences 110..0 

bwn attributed by some authors to the pressure of tho 
inyo\ucro. on the florets, or to their mutual pressure,nnel 
the shape of the seeds in the ray-florets of some Compo
sitre countenall<'C8 this idea; but with tho Umbellirerro, it 
is by no meaus, £18 Dr. Hook('r informs me, the species with 
the d('lIscst llCads which most frequently differ ill their 
inner nnd outer flowers. It mightha\"e ~n thought that 
the development of tho ray-petals by dralling nourish
ment from tho rcprodncti"e orgaDs had caused their abor
tiOll; but this C!In hardly be tile solo eau.sc, for ill some 
Compositro the 8CC(ls of the outer and inner florets dilTer 
witllOut any difftlrence in tho corolla. Possibly these 
sc,-ernl diO'erenccs may be connected with the different 
flow of Ilutrimen~ towards the central and external 
flowers: we know, at least, that with normally irregular 
Howers, those netLI'CSt to the (\.Xis are most subject to 
pelorin, that is tlloy beeOIllO symmetricaL I may add, 
IlS an iustance of this, and of a striking case of ('{)rre
latioll, that I ha,'o recently obsencd iii mallY pcla~ 
nium~. that in th(' centml Hower of the truss, the two 
ullper petaIa often lose their patches of darker colour; 
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nnd willm this OCCUI'S, thll adherent nectary is quite 
uoort('(1. When Illooolour it absent from only ono of 
tho two upper petals, the nectary it not quite aborted 
but i~ much shortenod. 

With l'C~peet to tho de\'e!opment of tho corolla in tile 
centml and cxtc>rior flowers, Sprenger, idea that the 
ray.fl.of{>ts serve toattrnct mseda, whO!!<l Agency is highly 
advant.ngeons or Il{.,<:essary for the fertilisation of these 
plants, is highly probnble; nnd if so, nntural selection 
may h,,,"o eomo into play. liut with respect. to tho 
8I'(!(\~, it IICCIlliI imj)()8SibJe thnt theirdiff('f{>Ilce-s in slmpe, 
which aTO not always correlllt<'<i with any diffel'Cnoo ill 
the corolla, CRn be in nny way beneflcial: yot in the 
l;mbcllifl'rtC these differences are of such apparent im
portance-the seedil being sometimeil orthOllpcrmons 
in tho extc>rior flowers find coolOllpermous in tho central 
fiowers,-tliat tho elder Do CtmdoUe founded llis main 
diri~iODil in tho order on such diameters. Renre, as 
J..dore remarked. we soo that modifications of structure, 
Yiewed by s),stcmatisLl all of high value, may be wholly 
Jue to the laws of "ariation cmd correlation, without 
ul'in~, os far as we can judge, of the slightcat Ben-ice 
t') th('~pedes . • 

We IUlly often falsely attribute to correlated variation 
IItnll1ul'(':l which are commOIl to whole groups of sJlo
cies. anu which ill tnlth nre simply duo to iuheritance; 
rur an ancient IJrogcllitor may have acquired through 
naturel selection 801110 OIlO modification ill stnlcture, 
and, aftr·r thougnnds of geueratioM, HOmo other and 
inJepcnd{'Dt modifiootion; lind thC!J(l two modiflcations, 
hning been transmitted to a whole group of descendants 
with div{'f!iC habits, would naturelly be thought to be 
('Orrt'latro in BOUl{, necessary manner. Some correla
Ii. ns are apparently due to tho IIlanner in which natuml 
.election acts. For instance, Alph. de Candolle hns 
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remarked that winged seeds are never found in fruita. 
which do not open : I should uplain this rule hy the im
(XlS8ibility of IIOOds gradually becoming winged through 
natuml selection, unless the capsules fil'llt opened them· 
sch'ee; for in this ease alone could the seeds, which 
wero a little bettcr adapted to be wafted by tho wind, 
gain an admntago o,'cr thOllO Ie&!! well fitted for wide
diapcrsol. 

Oompenlation and EcoMmY qf Grow/h. 

The cider Geoffroy and Goetho propounded, at about 
the same period, their law of compensation or balance
ment of growth; or, liS Goethe up~ it," in order to-
81Nmd on ono side, nature is foreed to economi:oe on the 
other &.ide," I think this holds true to a certain utent 
with our domestic productions: if nouri~11ment flows to 
ouo part or organ in excess, it rnrely flow&, nt least in 
excess, to another po.rt; thus it is diflicult to get n cow 
to givo much milk and to fattell r('adily, Tho SlIme 
"ariotica of the cabbage do not yield abundlllltnnd nutri
tious foliage and a copious supply of oil-bearing seeds. 
When tho seeds in our fruit.J becomo atrophied, tho 
fruit itself gains largely in si7.6 and quality, In our 
poultry, 0. largtl tuft of feathel'llon the hcad. ill genernlly 
accompanied by 0. diminished comb, and 0. large beard 
by diminished wattles. With speciQ;! in 0. stale of Mture 
it can hardly be maintained that tho law is of uni"ersal 
application j but many good observers, more especially 
botani:;tB, bel ievo in its troth, I Willllot, howe"cr, here 
givo any illsw,nees, for I sec Ilardly any way of Ilistin
guishing between the effects, on the ono hand, of a IJ3rt 
being largely de"eloped through natuml IJClcclion and 
anotlJer and adjoining part being reduced by thti! game 
process or by disuse, and, 011 the other hand, tIlO actual 
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withdrawal of nutriment from one part owing to the 
exec&! of growth iu another and adjoining part. 

I fJU~I)OOt, also, that some cases of compensation which 
have been admnced, and likewise .10010 other facts, lUay 
be merged under Ilo more gcneml principle, nnmely, that 
natuml selection is continually trying to economise in 
evcry part of tho organisation. If UlJ(I{'r changed con
ditions of lifo 0. structure before useful becomes less 
useful, Clny diminution, howeycr slight, in its develop
ment, will be seized on by natuml selection, for it will 
profit the indiyiduo.l not to haye its nutrimcnt wasted 
in building up an useless structure. I can thus only 
und~l"8tand a fuet with which 1 Wll! much struck when 
6amiuing cimpedes, and of which mallY other io:;tances 
could be givcn: namely, that wIlen a cirripedo is para
&ilia within another and is thm protected, it 10llCS more 
or If'ss completely is own sllel\ or Cf\rapaee. 'fhis is 
tho case with the mnle Ibla, aud in a tnll)' extmordinary 
manner with the Protoolepas: for the enrapnco in aU 
other cirripedes consists of the throo highly-important 
anterior segments of the head enormously d()"elopcd, 
and furni:;1uxl witli great nervcs lIud ml\sclcs; but iu 
the parasitic and protected Protcolepas, the whole ante
rior part of thl3 head is redueed to the merest rudiment 
attached to tile bases of the llreilen&ile antennre. Now 
the suing of a large and oomplex stnlctnre, when ren
do-red IIUjX'rfluou.s by the parasitic habits of the Protco
lepu. thongh effected by slow 8tepS, would be a dccided 
advantage to each successive illdh-idual of the 8pecies; 
I'or in the struggle for life to which every animal is 
eJ:pot!t'd,ench individual Proteoiepn8would have 0. better 
('hallOO of supporting itself, by less nutriment beillg 
wuted in dC\'cloping a structUl'C now become IIscl(lSS. 

Thus, as I belie\'c, natural sclection will always suc
ceed ill the 10llg run in reducing and sa\·jllg eyery part 

____ "-~= .. ~ .ACh....lesuarv.·, ~ 



184 MULTIl'LE A.'W nUDDlE:lro'"TAIIY 

of tIle organisation, o.s IIOOn all it is rendered by changed 
habits of lifo superfluous, witll0llt by any meaus causing 
sollie other Ilari to be largely developed in a corro
Ilpondillg dagre(>. And, conversely, that Datural selec
tiOD may perfecily well I!IleroOO ill largtly de\'eloping 
ony organ, without requiring- B!la necessary coml~llS8-

t ion the reduction of some adjoining part. 

Multiple, Rudimental"Y, and Lold!J-organiJed Sil"uciul"et 
are VarioUe. 

It seemll to be a rule, B!I remarked by Is. Gooffroy 
f.:t. Hilaire, both ill l'anetios aud in Ilpecies, that when 
IIny part. or organ ill repeated many times in the struc
ture of the same individual (11.9 the vertebrre in snakes. 
lind the stamens ill polynndrou9 flowers) the uumber ia 
\'Anable; whercaa the number of the same part or 
organ. when it. occurs in lesser numbers, ia constant 
The same anthor aud some botanists havc further re
marked Hlnt lIIult iple paris nrc also w:ry liablc to 
variation in structure. I nflillilueh as this "ycg<ltati\·c 
repetition," to use Prof. Owen's (!l:pression, BOelns to be 
n sign of low organisation, tlle foregoing remark &eema 
l'onncctcd with the yery general opinion of naturalists. 
that beings low in the scale of nature are moro \'anable 
than tbose which are higher. I presume tllRt lowness 
in this casc meaus that the seycral parts of the organi-
8tltion have been but littlc specialised for particular 
fUDctions; and 9S long 9S the same part has to perfonn 
diversified work, 1\'e can perhape see why it ahould rc. 
main variable, tllnt is, why nntural selection aholll(1 not 
haye preserved or rejected each little doyiation of form so 
carefully Il8 when tl lc part had to scrYc for 0110 apecinl 
purpose alone. In the same wily that a knifc whieh has 
to ellt all sorts of th ings may be of almost any shalXlj 
whilit a tool for 80me particular purpose had better be 
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of IIOme particular slll!.pc. Katural sele<!tion, it SilOUld 
nen'r be forgotten, can aet on eneh purt of each being. 
IKllely through and for its ad,·antage. 

Rudimentary parts, it has ~n atated by some authors. 
and I belie,·o with truth, arc npt to be highly vnr[nbl('. 
Wo shall ha"o to recur to the general subject of rudi
mentary and aborted organs; nnd I will here ollly add 
that th('ir variability seems to be owing to their useless
ness. and therefore to naturalsclection having no power 
toche<!k del' iations in tlICir slructnro. 'l'hu8 rudiment
ary parts nro left to tho froo IJlay of tilO vnrioU9 laws 
of growth, to the effoots of 10llg-eontinued disuse, nnd to 
thewndency tore,'ersion. 

A Pari det'eloped iii. any Spedet in an. eziraordioory degr~ 
or monner, in comparison with llu tam" Pari in allied 
Specie., ttlld. to be highly t:ariable. 
oovernl years ago I was much struck by a remark, 

to tho 11.00"0 effect. made by Mr, Waterhouse; Professor 
Owen, 1100. seems to have come 10 a nearl\' similar COli
elusion. It is hopeless to attempt to eon~inco any ono 
of tho truth of tho aoove prop06ition without giving the 
long army of facta which I havo collected. nlld wh.ich 
('annot poe.sibly be here introduced. J can only state 
my comiction that it is n rule of high gencmlitr. I 
am aware of !Ie,·crnl causes of error, but I hope thnt 
I ha.,·o IllAdo due allowance for thelll. It should be 
nnderstood Hlat tho rule by no moon.8 APIJlics to ally 
part, howe,·er unusuully developed, unless it be un_ 
u~ually developed in comparison with the same part ill 
dOllCiy allied species. l'llUB, ,tile wiug of the bat is a 
1lI000t almormaistructure in the class ofmamlllnlia; but 
tho rule would not npply here, because tho whole group 
of bats IlOSIICSIiC8 wings; it would apply only if some ono 
.peciel had wiDS8 derclopcd in a remarkable llIanner 
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ill comparison with other speci{'8 of the somo genus. 
'fhe rule lIlllllies wry strongly ill the CMO of secondary 
se:tual chamcters, when displayed in nny unu!lul! mnn. 
ncr. 'rho tenn, secondary sexual cilamcters, used by 
Hunter, nppli<'S to characters which aro nUl\Ched to one 
sex, but are Iiot dil'C'Ctly connected with the act of 
reproduction. 'I'he rule applies to males and femllles; 
but aa femnles more fllrely offel' romarknblo BOcondllfY 
se:t~ml characters, it applies more rarely to them. The 
rule being 80 plainly IlJlplicable ill Ihe case of secondary 
sexual chllmcters, may bo due to the great mrillbility 
of these ch:uactcrs, whether or not diBJ.llaycd in any 
uuusual manner-of which fact I think there can bo 
little doubt. But that our rule iii not oonfinN to se
condary sexual characters is clearly shown in the CMO 

of hennaJlhrodite cirripedC!!; I perlicularly attended 
to Ur. Waterhousc's remark, whilst ill\'eBtignting this 
Order, aud I nm fully oon\'inecd that the rulo almost 
inmrinbly holds brood. I shall , in a futm'o work, give 
a l ist of nU Ihe more remarkablo COJICiI; I will here 
only gh'o ou(', lIS it illustrates tho rulo in its largest 
application. 'rho opercular "ah'u of sessile cirripedes 
(rock oornadeJI) are, in e\<ery sense of the word, Yefy 
important structnres, and they difTer extremely little 
even in diff~rent genera; Lut in the 8ewral specics of 
one genus, Pyrgoma, these Yah'cs preeent a marvellous 
amount of di\'crsification; the homologous mlnlll in 
the different species being SOlnelimes wholly nnlike in 
shape; and the amount or "ariation in the individuals 
of tho &\lno species is 80 great, that it is no exaggera. 
tion to stato that the "arietiea difTer Illoro from each. 
other in tho characters derived from theso important 
"al \'{'8 than do other species belonging to distinct 
genera. 

Aa birds within the some country \'ary in a remark· 
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ably smalJ <legree, I ha,-e particularly attcndod to them, 
and the rulo seems to me certainly to hold good in 
th~ class. I cannot mako out that it applies to plants, 
and this would scriously rul.YO shaken my I.Iclief in its 
truth, had not the great variability in plants mado it 
particularly clifficuit 10 oompnr<l their rdntil'O dcgrccs 
o(,'ariability. 

When wo 8CO any part or organ dcvC!lopcd ill a 
remarkablo dcgroo or manDCr ill any sl)(!Cics, tbo fair 
pre;.umptiOIl is that it is of high importau('O to thnt 
species; uevertheless it is in this caso eminently liable 
to vllriation. Why should this be IIO? On tile view 
tbllt ooch species has boon independently created, with 
all ita parts WI wo now see them, I call IlOO no c1I1Jiana
liou. But on the ,'iow that gwupe of !:Ipecies ha,'e 
11CllCCudod from otber species, and ha'-o been modifiod 
tlnough nnturol sclectioll, I think wo can obtain some 
light. :First let me remark that if any part in our 
dOIllC/jtio animals, or tho wholo (llIimal, be neglected 
and no 8('loction be applied, tllat purt (for instance, the 
comb in tho Dorking fowl) or tho lI'holo breed will cease 
to havo a unifornl character. Tho brood will then be 
said to hal'O degenerated. Iu rndimentary organs. and 
in til_ which haHI beeu bnt little specialised for anr 
particular llUrpose, and perhaps in polymorpllio groups, 
wo see a nearly parnllel natuml ease; for in such cases 
natural IIdcction either has 1I0t or callnot ha"e come 
into full play, and thus the organisation ill left in a 
fluctuating condition. But what here concerns UJI is, 
that thoee points in our domestic animals, whieh at tbe 
present timo are Ilildergoing rapid clulIlf,'o by eonlinnod 
eelt'<:tion, are Illso eminently liable to variation. Look 
at tho bn'Cds of tho pigeon; 800 what a prodigious 
amount of difference there is in the beao of tumblCJ'8, 
in the beaks aud wattle of carriers, ill the carriago and 
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tail of fantails, &e .• these being tho points now mainly 
,1Uended to by English fanciers. E"en in sub-breeds, us 
in that of the IIhort-faced tumhler, it ill notoriously diffi- ' 
('ult to hreed nearly perfect bird!, BOmo frequently de
parting widely (rom the slAndard. There may truly he 
~aid to be a constant struggle going on between, on tho 
ouo Imud, tho tendency to reyersiou to a leM perfect 
st<lto, iI8 well 11.9 an innate tendency to furtLer ,'aria
bility, and, on tho other hand, tho power of IIwady 
selection to keep tho breed true. In tho long fUn se
lection gain! tho day, and 11'0 do not expect to fail 50 

far as to breed a bird as coarse as a common tumbler 
from a good IIho~faeed stmin, But as long as selec
tion is rapidly going on, much "ariability in the parts 
undergoing modification may alwa~'s be expected. It 
further desen'cs notice that eMractef!l, modified U,rongh 
selection by man, are 80metimCti tronsmitted, from 
eallSC8 quito unknown to us, more to one sex than to tho 
other, gellernlJy to the malo sex, as with tho wattlo of 
I'arriers and tho enlarged crop of pouters. 

Now let us t urn to nature. \ Vhell a part hIlS been 
do\'elopcd in an extraordinary manner in any ODe 
spcciCll, compared with tho other spedes of the same 
genU5, 11'0 may conclude that this part has undergone 
an extraordinary amount of modification since the 
period lI'hen the species branched off from tho common 
progenitor or the genus. 'l'hia period will seldom be 
remote in any extreme degree. as species rarely en
dure for moro than olle geological period An extra
ordinary "mount of modification implies an unusually 
Jargo auel long-continued amount of "ariability, which 
has continually ken acclllllulatcd by natural selection 
for tho benefi~ of the species. liut as tho variability of 
iho extraordinarily dC"eloped Il8ft or organ has been 
so great and long-continuod within a period not execs-
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si,'eiy remote, we might, as a genoml rule, still expect 
10 find more vsriability in such parte than in olher parts 
oC tho orgnllililltion which ha,'o remained Cor a much 
longer ~riod Ilearly constant. And this, I alii COII

"inoo:l, is the ease.. '1'hat tho struggle between IIflturnl 
scleetion on tll0 ono hand, and the tendency to ro"er. 
sion and mriability on tho other hand, will in the course 
of timo cease; and that the most abnormally «e"eloped 
organs mny be made constant, 1 800 no reason to 
doubt. nence, when an organ, 110Ile,'c1' nbnonnnl it 
may be, haa been tmnsmitted in approximately tho 
same condition to many modified descendants. as in 
tho case of the wing of the bot, it must l1a,·o existed, 
according to my theory, for an immense period in nearly 
tbe same lltato; and thus it comes to be 110 more mri. 
able thall auy other IItructure. It is only in thOlJO ctlSCS 

in which the modification has been compnrnti,'e1y recent 
awl extraordinarily great t1mt wo ought to find tIm 
geneTatiw variabi.'liiy, as it may be culled, still present 
in a high degree. For in this case tho variability will 
ACldolll t\8 yet ha\'o been fixed by tho coutinued selec
tion of tho individuals varying in the required manner 
and degree, and by tho continuod rejcction of thoso 
tending to rc"ert to a {orIller and Jess-modified con
dition, 

Sp#dfic (fharacien mOTl! Variablll fhan GtMric 
Charachrt. 

The principle included. in the abo"e remarks may be 
extRuded. It is notorious that spocific characters are 
more variable than generic. '1'0 explnin by a simple 
e:rample what is meant. If ill a largo genus of plants 
lOme 8IX-'Ci~8 Illld blue flowcrs and some had red, the 
eolvur \IIould be only a specific character, and no one 
would be 8urprhed at ono of tho bluo species "arying 



100 

into red, or conversely; but if all the aJX!cie-s had blue 
flow,·r'S, tho colour would become" generic character, 
and its variation would be n more unusual cirCllmstnnce. 
I have chosm this example iJ.ec3use 8n explanation is 
not in tllis case applicable, which most IInturnl i~ts would 
advance, namely, that specific chllmctcrs are moro vari
able than gc-Ilcric, because they are taken from parts of 
less physiological importanoo th/l.o th08Ooommonly used 
for cltl88ing genera. I believe this explanation is partly, 
yet only indirectly, tnloj I shall, llOwcvcr, ha'i'e to 
retllm to this subject in the chapter on CIn...'<IIification. 
It would be ahnost eUf"'rlluous to adduee evidence in 
.mpport of the above statement, thnt specifiC! charncters 
are more variable than generic; but I hllVO repeatedly 
noticed in works on natural history, that when an author 
h.a! remarked with 8Urprise that HOme imporlanl organ 
or part, which is generally .ery constant throughout 
large groups of species, has differed considerably in 
closely-allied spe("irs, that it has, allJO, been variaNe in 
the individuals of some of the species. And this fact 
shows that a chartlf'wr, which is generally of generic 
'·alue, when it siuk! in Ylllue and becomes only of 
specific .alue, often becomes .ariable, though its phy
siological importance may remain tho same. Some
thing of the 8Ilme kind applies to mOllstl'06ities: at 
least h. Geoffroy St. Jljlaire seems to entertain no 
doubt, that the more an organ normally difTers in tho 
different species of the SIlmo group, the more subject it 
is to indilidual anomalies. 

On the ordinary view of each SpeciC8 hAying been 
independently created, why should that port of the 
structure, whieh diffl'l'I from the same part in other 
indepcndently-creatod species of the Mille genus, be 
more \"ariable tlll\n tl1080 parts wlLich are clOllCly alike 
in the 8O\"ernl epeciC8? I do not see thil.t allY cJ.:plana-

ok ~ 
j 
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tion ('an bo gh'en, Dut on tllO yic,", that species are 
'Only strongly fil8J'ked and fixed varieties, we might 
upI'd to find them still often continning to vary in those 
parts of thf'ir structure which had "ariod within a 
moderately l'C(!ent period. and which bad thus como to 
differ, Or to sillie the case in nnother manner :-the 
IJOints ill wllich 0.11 tho species ef a genlls resemble 
each ol}l(,r, nnd in WIlich they differ from allied genera., 
are enlJod generic characters; nnd these characters in 
('Ommon 1 attribute to inlleritance from a common pro
genitor, fer it can rarely halO happened that natural 
sl'\eclion will have modified scvcrttl species, fitted to 
more or leu lvidely-different habits. in exnctly the same 
monncr : and as these 1IO-CII11ed gcneric characters 
have been inherited from before tho period whcn the 
different Fpl"Cies first branched off from thcir common 
tH''Og'enitor, l'Uld subseqnently IUl.ye not ,'aried or come 
to differ in any degree, or only in a slight degree, it is 
not jlMooble tllat they should vary at tho present day, 
On tho other hand, tho points in which spooies differ 
from other 8pQCics of tIle same gellus aro called specific 
cba!'1l('tl'r'll; and as these specific characters have vllI'ied 
aud come to differ since the period when the species 
branched off from a common progenitor, it is pro
hahle that they sllOuld still often be in some degree 
TtlriabJe,---e.t least more variable than thoee parts of the 
organi!l8lion whicll have for a ycry long peried remained 
eon~tallt. 

Secondary Saual Oharactcn Van'able, 
In connection wilh the prcsent I!Ubjcct, I will make ollly 

two other remarks, I tbink it will bo admilted, without 
my enkriug on details, that secondary sexual characters 
arc l'('ry ,'sriable; 1 think it nl90 will be sdmitted that 
tpet'ics of the BRme gronp differ from each other more 
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widely in their IM-'OOll(lary 1ICl:111ll charaetcra, than in 
other parts of dleir organisation; compal"(', for instAllC(', 
tho amount of differenco betwCCIl tllO malc8 of galli
lIfu::eous birds, iuwhich secondary sexual c1mractcrsaro 
6trongly displayed, with tho amOllnt of diflcrcnco be
tween tho females; and tho truth of thi8 proposition 
will be granted, Tho cause of the original \'arinbility 
of I!(!COndary sexual chamctcl'!I is not manifest; but we 
Clln see why these chn.rnctcl'!l 8hould not bll\'e been 
rendered as constant and uniform lUI other 11IlrU of the 
organisation; for 8cwndary 8(-xual chnrnctefll lm\'o been 
accumulated by 8('xnal selootion, which is less rigid in 
its action than ordinary selection, as it does not cntail 
death, but only giW~8 fewer offspring to the IC8Il fiwoured 
malCl". Whate\'cr tllc cause may be of tho mriability 
of IJ('COndafY sexual characters, lUI thcy are highly \'ari
able, scltual selection will have had a wide &COpe for 
action, !md may thull f('ndily bam succeeded in giving 
to the specioll of the SlIme group a grcater umonnt of 
diITer(;nce in tllci!' IK'xufll characters, than in other parts 
of thei r structurc. 

It ill a rCUlarkable fnct, that the secondary sexual 
differences between tho two sues of the samo s~ies 
aro gcnerally displayed in the ,-ery 8C\llIe pam of the 
organisation in which the different speeics of tile same 
genull differ from each other. Of this fact J will gil'o 
two instances in illustration, the first wh ich hllllI>Cu to 
stand on my list; find as the differenccs in these cascs 
fire (If a wry illlUsual nature, the relation ctIn hardly be 
nceidelltal. The samo IlUlnber of joints ill the tarsi is 
II. character gencrally commoll to \'cry large groups of 
beetlca, but in tho Eugidre, as Westwood hM remarked, 
the number variCil greatly; and the number likewise 
(liffcn in the two sexes of the SlIme species: again ill 
fosaorial ]Jymelloptcra, the manner of Ileurot ioll of tho 
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wings ill n character of the highest importance, bccauso 
common to largo groups; but in oortain genera the 
neurntion differe in the different species, and likcwiso in 
the two aexes of tho sarno specie!!. Sir J. Lubbock has 
recently remarked, that several minute crustaceans olt't'r 
cxecllcut illustrations of this law. .. In Pontella, for 
instance, tho sexual characters nro afforded mainly by 
tho anterior Quteunlll and by tho fifth pair of legs: tho 
specific dilfcronccs also are llrincipally given by theso 
organs." l'hi8 relation has a clear meaning on my view 
of tho subject: I look at all tho spociOll of tho IIIlmc 
genus 88 having as ccrtainly descended from tllO sarno 
progenitor, 88 hQ\·o tho two sexes of anyone of the 
spe<'ios. Conscqueutly, whatever part of tho structure 
of the common IJrogcnitor, or of ita early descenoontll, 
became ,·ariable, mriations of this part would, it is 
higbly probable, be taken ad"l'"antago of by naturoi aud 
8Cxual aclection, in order to fit tho several sp(.'cies to 
their 8Cvcral places in tho economy of naturo, and liko
"ita to fit tho two sexes of tho sarno specics to cach 
other, or to fit tho males and females to different habib 
of life, or the males to strogglo with other malCil for tho 
poMCSaiolioftliofemrues. 

Finally, thrll, 1 conclude that tho greater variabilit:.r 
0( IpecirlC characters, or dUlSe which distinguish speciCti 
Crom species, than of generic characters, or thoac whicll 
the species po5SCI!II in (.>()mmon i-that tile frequentel:
tremo nriability of any pRrt which ill (b·eloped in a 
.pedes in au extraordinary manner in comparillOJi. with 
!.he IlUDO part in its congeners; and the slight degree 
of variability in !I part, however extraordinarily it nmy 
be deVeloped, if it be common to a wholo groU}) of IIpe
_j-that tim great variability of accoudary sexnal 
characters, and the great amount of dilferellce in thcso 
lime characters between closely allied species i-that 

o 
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seoondnry sexual and ordinary specifie differences are 
gencrally displayed in the same parts of the organisn
tion,-are all principles closely COllnccted together, 
All being mainly due to the specics of tIlO samo group 
Illlving desc<>ndc{l from a common progenitor, from 
whom they ha"e inherited mucll in eommon,-to paN 
wllich have rerently and largely Taried being more 
likely still to go on \-nrying than parta whieh have long 
been inlleritcd aud Ila,-e not ,-arioo,-to naturnl selec
tion having more or lC88 oompletely, oooording to tllO 
lapse of tim(', overmalltered the tendency to reversion 
ullcl to further vuriability,-to sexual selection being 
1C1!8 rigid than ordinary selection,-alld to variatiolL'J 
in tho sarno part.s having been accumulated by uatuml 
and IlCxual ee1cction, and having been thus adapted for 
8CCOndary sexual, Clnd for ordinnry purposes. 

Distinct Spt:eitl present analogolU VariaJioru; and a 
Varidy of one S~tt ofon, auume. lOme oj the 
Charatien of an allied Specie., or retH!rls io BOme of 
iM Oharacter. of an early Pro[1eniior. 

'fhcso propositions will be m06t readily understood 
by looking to our domestic race!!. 'l'ho most distinct 
breeds of pigeons, in countries most widely apart, pre
ilCnt snb-varietiCli with reversed Ccatllcrs on the head 
aud feathers 011 tho feet,--charactera Jlot possessed by 
tho nberiginnl rock-pigeoll j these then nre analogous 
"mriatioll8 in tll"O or morc distinct rncca. The frequent 
presence of fourteen or even 8ix~n tail-feathers in the 
l)()uter may be eollsidered as 8. variation repretlCnting 
the normal stnlciureof another race, tho fantail. I pre
sume that no one will doubt that all such analogous va
riations are duo to the s(wcral rtICCIl of the pigeon haviug 
inherited from a common parent tho same constitution 
(lnd tendency to variation, when aeted on by similar 
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unknown influences. In tho vegetable kingdom we have 
4 case of analogous variation, in tho enlarged stems. or 
roots as ccmmonly called, of tho Swedish turnip and 
Ruta. bags., Illants which several botanina rank as va· 
ridiCII produood by cultivation from n common parent: 
if thiii be not 80, tho ease will then be ono of analog<lw 
variatiou in two so-called distinct spociosj nlld to these 
a tllird may be ndded, namely, tho common turnip. 
Acrording to tbo ordinary view of Mch spccie~ having 
bren indep<!lIdentiy created. we sllonld luwo to attribute 
this similarity in tho enlarged 8tell18 of these throo 
planl8. not to tho vera caum of community of dC8Cent, 
and a collBC<Jllent tendency to vary ill a liko manuel', 
but to three IICparato yet closely related acts of crealion. 
lIany lilnilar CW!C9 of nnaJogous variation IIQ.YO been 
oUoervoo by Nnudin in tho great gourd. family, and by 
Tanou!! allthors ill our cereals. Similar C1lIIC8 occurring 
.ith ill8(!Cts nuder their natural collditions l11we lately 
bet'n discUlJ8C!d with mnch ability by Mr. W alsh, who 
M~ grouped them undef his law of Equabl0 Variability. 

With Iligeons, however, wo have another cn&O,namely, 
tho oot'asionai appearance ill all tho breeds, of slaty
blue birds with two black bars on tho wings, white 
loill!, a bar nt the end of the tail, wiOt tlio outer 
leatbOI1l externally edged near their bBacs with white. 
M all thcso lUarks arc characteristic of the parent 
rock.pigeon, I presume that no one will doubt that tltis 
is a CiL8C of fO\'ersion, and not of n nCw yot analogous 
variation appenring in the 8e"eral broods. We may, 
I think, confidently come to this coneiusion, bccnu!lC, as 
we havo seen, these coloured marks aro eminently l iable 
to appear in the crossed offspring of two distinet and 
difrerenlly coloured breeds; and in this C(I..!J) tllero is 
DOthing ill the extcnml oonditions of lifo to cnuso tho 
fMpJM'lU'lWce of the slnty. blue, with 010 &eyeral marks. 

02 
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beyond tho influence of the mere act of crossing on the 
ill.1r8ofinheritancc. 

No doubt i t is n,'erysurprisingfn.ctthntc1mrncter9 
should reappear n!'ter haloing been lost for mnny, pro
bably for hundreds of generations. But wheD 8 breed 
haa been crossed only once by some otlwr breed, tho 
offspring occasionally show n tendency to ro\'crt in 
cllIlmctcr to tho foreign breed for mnny gcncrotions
somo say, for n dozen or oron n scoro of gcncrntiona. 
After twelvo generations. tho proportion of blood, to 
1180 n common expression, of anyone ancostor, is only 
1 in 20-18 i and yet, as we S('c, it is g<'nemlly bclic,'cd 
thnt n tendency to reversion ill retained by this \'"ery 
small proportion of fOl'cign blood. In fl breed which 
hall not been crossed. but in which both parents ha\'o 
l08t some character wllieh their progenitor possessed. 
Ih" tendeney, whether strong or wonk, to reproduce the 
lost chartleter might be, ftS was formerly remarked, for 
nil that wa can sea to tho contrnry, transmitted for 
almost (illY number of genemt iolls. ' Vhell a charncler 
which liftS been lost in a breed, ren]ll~flrs flfter a great 
number of gC'llcrntions, the most probablo hypothC!Jis is, 
!Jot tlmt tho offgpring suddenly takes nfter all nncestor 
rcmonxl by some hundred gclleration8, but tlmt in ench 
BUCC('l!8i,'o generation tho ehnractcr ill qUCBtion has 
been lying Inteut, and at 11lSt, under unknOllll flwour
IIble conditioll8, is dl.',·eiopcd. With tho barb-pigeon, 
for instance, which ''Cry rnrely produces a bluo bird, it 
is probable thllt a Intent tendency exists in each gene
rntion to Ill"Oduco blue plumage. 'rhe possibility of 
chnrnctcrs long' lying Intent can be understood accord· 
ing to tho IIYI)()thcsis of pung-enesis, which I ha,'o given 
in another work. The abstract improbability of a 
latent tendency being transmitted through n yost num
her of generations, is not greater thnn than of quite 
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uselea or nlolimcotary organs being thus transmitted. 
A mere tendency to produce a rudiment is indeed some
times inherited. 

A8 all tho S]H.lcics of the same genus arc 81l]Jpo&.-d, on 
our thoory, to be descended from a common progenitor, 
jt might be expected that they would oc'Co.sionaHy '-ary 
in ILn analogous mllnller; 80 tllst tho \'arictiC'9 of two 
or morc species would resemble each other, or that n 
variety of HOIDO one specieB would resemblo in certain 
ch,lractcrs Duother and distinct spceics,-this other 
IIpecies Ixing according to our "iew only a well-marked 
and permanent mriety. But characters thWJ gained 
would probably be of an unimportant nature, for tho 
presenoo of all importuut characters will bo governed 
by Datuml seioctioD, iu accordance with tho different 
habits of tho species, and will not be left to tho lllutUal 
action of tho nature of tho organism and of tho condi
tions of lire. I t might furthcr 00 m::poctcd tbat tho 
'[lCCics of tho sarno genus would occlIsionntty cxhibit 
rCI'crWons to long lost Ilnt'eltral charucters. &, how
el'cr, we nel'cr know tlJC CX(LCt character of the commOIl 

'nc('!ltor ofa natural gronp. we could 1101 distinguish these 
t'KO ea8('S: if, for illstnncc, we did not know tllat tho rock
pi~-on 'KILl not feather-footed or turn-cro\\'llcd, wo could 
IIvt ~vo told, whether these characters in our domestic 
brftds 1\'cro f(!l'en;iolls or only analogous ,'ariation,; 
but we might hll"o inferred that tho bluo colour WIIll 0. 

cue of wI'ersion from the number of tllO markings, 
.. hidl are correlated with this tint,lIud which it docs 
not apIY'ar probablo would all appear togotller from 
.implo ,'arintiou, :arorc especially 11'0 might llan' 
illf.'r~d thi~, from tho bluo colour and tho scI'erol 
marka 80 OftCll appearing wht'n distinct broods of 
Girtiuct colours are cra>SCd. Renee, although under 
aature it mWlt generally be left doublful, what Cll8CS 
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are reversions to a formerly existing cl18r8ctcr, and 
what are new but analogous variations, yet we ought, 
on our theory, 80metimes to find the mryiug offspring 
of 0. species DSIIuming chnractcl'8 (either from reversion 
or from nnalogoU3 \'aMation) which already are present 
ill other members of the 8.'l.mo group. And this UU~ 
doubledly is thocasc. 

A considerablo part of tho difficulty in recognising in 
ol1r 8y~tematic works n nt.riablo spocies, is duo to its 
VArieties mocking, as it were, other 8pecies of the same 
genus. A <,'onaidcrablo catalog-II!", also. could be given 
of fonne intermediate between two other forms, which 
themae1vefI enn only douLtrully be ranked lUI species; 
and this aholl'll, urueB3 all these (orms bo considered as 
independently created species, that tho ono in varying 
has lUlBumoo somo of the charuclcrtl or tho otber, 80 as 
to Ilroduce tho intermediate forms. But the best 
evidenoo is alTonled by parts or organs of an important 
and generally unifonn nature ocCflsiollully varying so as 
to RCquiro, in some degree, the character of the Mme 

part or organ in an nllied spocica. I 1111."0 colJ<lCted n 
long ligt of such ClIlJClI; but here, as before, Ilio under 
tho great disadvantage of not Leing able to gh'e them. 
I cnu only repent that such cases certainly do occur, 
and seem to me "ery remarkable. 

I Ifill, however, give one curious and complex case, 
not indeed 11.'1 affecting any important character, but 
from occurring in several species of tho 8Ilme genllS, 
lJartly under domestication and partly undcr nature. 
It is n ease almost certainly of reversion. The ass 
sometimcs has \'Cry distiuct tn:LIlS\·Crse bars on its legs, 
like those on tho legs of tho zebra : it has Ue<-II asserted 
that thcso are plainest in tho fool, and, from inquiries 
which I ha,·o made, I belic\'O thia to be true. Tho 
stripe on the shoulder is sometimes double and is ,'ery 
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variablo in length aud outline. A whito ft.!!8, but not 
an albino, has been described witllout either spinal or 
ahouJclcr stripo: and these stript'S aro sometimce,'ery 
obscuro, or actually quite lost, in dark~loured usses. 
The koulan of Pallas is said to 1Is,'0 been seen with a 
doublo shouldel"'Btripe. Mr, Dlyth has seen 1\ specimen 
of the hemionus with a distinct shoulder·stripe, though 
it properly has nOlle; aud I 111,,"0 been informed by 
Colonel Poolo thnt tile foals of this species nre gene
rally stripod on the legs, and fuintly on tho shoulder. 
Tho quagga, though 80 plainly barred liko 1\ zobrn ol'er 
tho body, il without bars on tho legs; but Dr. Groy 
has figured 0110 specimen with ,'ery di.;tinct zebrn-like 
hal'!l on tiiO lu)cks. 

With respect to the horse, I have collected cases iu 
I:ng:laud of tho spinal stripe in hOr8C8 of tho most dis
tiact broods, and of all (.'Ololll'!l: tran8\'el'8O hal'S Oil 

the lega nre not rnro in dun~, mouse-dUllS, and ill one 
ill·!JIIlCO in a chest nut: a faint shoulder-atripo may 
sometimes 00 lIOel1 iu duns, and I ital'O fIOCn a traco in 
a bay horse. :My SOli mlLde n careful examination and 
shieh for me of a dUll Belgian {'art-hol'86 with a double 
Itripe on each sJlOulder and with leg-stripes; I luu'o 
m)s<,Jf acen a dun Devonshire pony, and a slusll uun 
Welch pony hili! been carefully described to me, both 
..nth thr't;tJ parallel stripes on each shoulder. 

In the north-west l)Ilrt of India tho I(attywar breed 
of hof'l;C8 is 80 geuerally striped, that, III! 1 hear from 
Colonel Poole, who oxamined the breed for the Iudinll 
Government, a llorsc without stripes is not considered 
as purely-bred. Tho spino is 8111'ay9 stripod; the legs 
are generally bo.rred; lind the shoulder-stripf', which is 
IIOm('timeB double and sometimes treble, i8 common; 
the side of lho face, moreol'er, is sometimes striped. 
The stripel are often l)lainest in the foal; and some-



times quite disappear in old horses. Colonel Poole IUl!! 
scell both gray and bay Kattywar horses striped when 
first foaled. Ihll\'o alBo reason to suspect, from inform
ution given mo by Mr. W. W. Bdllmds, that witll the 
English moe-horso the spinal stripe is much commODer 
in tho foal than in tbe full-grown animal. I bare 
myself recently bred n. foa l from u buy mare (olTsJlring 
of II 'l'urcomall horso and a Flemish mare) by 11 bay 
English raoo-horso j this fonl when II. week old was 
IDllI"ked on ita hinder quarters lind on its forehead witb 
nnmeroll8, "cry narrow, dark, zebra-like bars, and its 
legs were fcebly striped: all tho stripes soon disap
peared completely. Without here entering on further 
details, ] may state that I hare collceWd ClllleS of leg 
and shoulder stripes in horses of ,"ery different breeds, 
ill ,-arious countries from Uritain to Eastem China j 
and from Norway in the north to the llalay Archipdago 
in the 8Outb. III all parts of the world these stripes 
occur far oftcnCllt in duns and mousc-dnns; by tho tenn 
4lun II. largo rouge of colour is included, from ono 
betwccn brown and black to a dOlO approach to eream
colour. 

I am aware tilat Colonel ITo.m ilton Smith, who has 
written on this Bubject, bel iere8 tllnt the several bree<L! 
Qf tho hoJ"8(l aro descended from soveral aboriginal 
~pceies-o!le of which. the dun, was striped; and that 
tho aoove-describcd. appearances o.re all duo to ancient 
crosses "ith tho dun rlor-k. But this ,'iew may be 
IIIl.fely rejt'Cted j for it is highly improbablo that tho 
heavy .Belgian cart-horse, Welch ponies,cohl!, the lanky 
]{attYllar race, &c., inhabiting tho most distant parts of 
tho world, should all haya been cro8SCd with one sup-
pOled aboriginal stock. 

Now let UB turn to the effocu of crossing tho 8Cvcml 
species of the hOrBe-genus. Hollin asserts, that the 

(Q The Comol e W of h rle~ nijn 
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<!Ommon mule from the ass and horse ill particularly apt 
to lu",o bars on iUs legs; acoording to Mr. GOIISC, in 
certain partil of the United Slate3 about nine out of ten 
mules have striped legs. I once saw a mule with ita 
legs £0 much striped that any one might luH'(! thought 
tllAt it WIUI D hybrid·zebra; and Mr. W. C. Martin, in 
bi~ exoollent treatise on tile horse, has given a figure 01 
a ~iJJlilar mule. In four coloured drawings, which I 
ha,·o seen, of hybrids between the fWI lind :roebm, the 
legs were much more plainly barred than the rest of 
1110 body; and in ono of them there was a doublo 
.houlder.slripc. In Lord Morton's famous hybrid from 
a chestnut mare and male quagga, tho h} brid, and cven 
tho Iluro offbpring subsequently produced from the 
marc by a black Arabian sire, wcre much more plainly 
oorrod across the legs than is c,·cn the Jlure quaggu. 
Lastly, and tlli8 is another most remarkable case, 0 
hybrid Ila8 been figured by Dr. Gray (and ho informs 
mo that ho knows of a second easo) from tIle tl.S8 and 
the hemionlls; and this hybrid, though the ass only 
occasionally hIlS stripell on his legs amI the helllionus 
IlIl8 1I0no and 1188 not even a IIhouldeHtripe, never· 
tl,el('U had all four legs barrod, and had three IIhort 
shoulder"stripes. like those on tho dun De,·ollshiro and 
Welch I-,()Ilies, and even had fJOmo ubra·liko stripe!l on 
the sides of iill face. Wilh rel'pect to Ihis IllSt fact., I 
was 80 convinced that not m"cn a stripe of colour 
apllCara from what is commonly called chance, that I 
""lIS led solely from the occurrence of the face-stripes 
on thiil hybrid from tho n88 nnd hemiOllus to ask 
Colonel Poole whether sllch ~cc-stripcH c,'er occurred 
in thc eminently striped Rattpmr breed of horses, ODd 
ft"a.q , 8S we have seen, answered in tho affirmatil"e. 

What IIOW are we to say to these scI·eral fACts? ,Yo 
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800 several "cry distinct gpecies of tho horse-genus 
becoming, by simple 1'Oriation, striped on tllo I~ liko 
a zebra. or striped on the shoulders Iiko nn 1\811, In the 
horse wo 800 thi3 tendency strong whcnever n dun tint 
nppears--a tillt which approaches to that of the gcneral 
colouring of tho other species of the genus, Tho 
appearanCO of the stripes is not accompanied by any 
cho.ngo of fonn or by any other now ellamcter, We see 
th is tendency to become striped most strongly displayed 
in hybrids from between 1lO,"eral of tho moat diMtinct 
s))(!(lies. Now obsen'e the easo of tho several breeds of 
pigoous: they are descended from a Iligeon (including 
two or tllf"oo su~specie8 or grogra)lhical rnces) of D 
blnish oolour. with certain bars and other marks; and 
when any brood l\8IIumes by simplo variation a bluish 
tint, these bars and other marks invariably reappear; 
but without nny other chango of form or eharocter. 
When tho oldest and trucst breeds of "nnoIlS colours 
n1'6 croased, wo sec n strong tendency for tllO blue tint 
and bar" rlUd marks to reappear in tho mongrels, I 
lin\'0 stated that tho most probablo hypothesis to RC
count for tIlO reappearauce of vcry anciont cliarnctere, is 
-that there is a le!'ldmcy in tho young of cach succes
she genc.ration to produce the long-lost. character, and 
that tJlis tcndenf'Y, from unknown caUSC8, fIOmetimes 
prevails. And 11'0 have just seen that in 86\"eral species 
of the horso-gcnus the stripes are cither plainer or "p"" 

pear more commonly in tho yOllng than in t]10 old, 
C"ll tho breeds of pigeou8. some of which have bred 
truo for centnricB, species; and how exactly parallel is 
the etulO with tllUt of the specics of tho horse-genus! 
}~or myself, 1 venture confidenUyto look b£LCk thousauds 
on thousands of gellerations, and I sec an animlll striped 
like a zebra, but perhap8 othcrwiso yery differently 



c.u.,.,-, ANALOGOUS VAIUATIOSS. 20~ 

oonstruet.ed, tho COmmon parent of our domestic hot'80 
(whether or not it be descended from ono or more wild 
atocks) of the a88, tho hemionua, quagga, and zebm. 

He who believes that each equine lpCCiee w~ inde
pt'ndently created, will, I presume, a88ert that each 
species llClS been eroated with !\ tendency to vary, both 
under naturo and under domestication, iu thia particular 
manner, so lUI often to becomo striped. liko oilIer species 
of tho genus; and that each has been created with a 
strong tendency, when el'OS.'lCd "ith .speeics inhabiting 
distant qUllricl1l of tho world, to produce hybrids fC8em
hling in their stripes, not their Ollrn parents, but other 
species of the geoUl!. To admit thia "if'wis, aa itsecms 
to me, to l('ject a rea] for an unrea1, or at I~t for an 
unknown, cause. It makes the worb of God a mere 
Inockf'ry and decoption; I would almoat 118 fIOOn beLie"e 
with the old and ignorant cosmogonists, tbat f088ilshells 
had never lj,-ed, but had been created ill stone 80 DB to 
mock tho &.hcllsliving on the .sea-shore. 

Summa'l'!/. 

Our ignorance of the laws of ,-ariation is profound. 
Kot in one case ont of a hundred can wo pretend to 
M!lign any fCil80n why this or tlll"lt part has "Bri«!. 
But whenen·r 11'0 hal'o tho means of instituting n oom
llIlriron, the 8Ilmo laws appear to 1:J.ave acted in pro
dU('ing tho lesser diffl'rences between varieties of tIle 
Mmo 'pecica, and the greater ditrerencos bet\Y~n species 
of the sarno genus. Changed conditions generally in
duce mere fluctuating mrillhil ity, but sometimes they 
('auSQ direct-and definito etrecta; ond theBO may becomo 
atmngly ma rk(>(l in the course of time, though 11'0 ha\'(~ 
not ~uffi('i('nt evidence on this head. Habit in producing 
c(>n~titutioDal peculiarities and use ill strcugthrlling and 
di. use in WeAkening and diminishing organa, appear in 

L... _____ ._~~~ wo.k)f .... .,.. 
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many C4SC8 to ho.I·o been potent in their effects. Homo
logous parts tend to vary in the same way, and homolo
SOIlS l)9.rta wnd to cohere. :ModilicatioDS in hard parta 
and in external parta sometimes nfl'oct 80ftcr 8nf\ illter~ 
naillRrts. When one part is largely developed, perhaps 
it tends to drftw nourishment from tho adjoining parts j 
nnd crory llnrt of tho structure which can be saved 
without detriment will bo saved. Chang-os of stnlCturo 
nt an early ago may affect parts subsequently dOI'e
loped; and mnny ca.se8 of correlated variation, tho 
nature of which wo aro unable to understand, undoubt
edlyoccur. Multiple parts arc Yllriablo in number and 
in structure, perhape arising from luch parLl! not baring 
been closely specialised for any particular function, 80 

that their modifications have not been clOlMlly cheeked 
by DAtural selection. It. followil probably from this 
8:llnO cause, tllnt organic beings low in tho 8C!Ilo arc 
more variable tban those standing Iligher in the 
scale, and which have their wholo organisation moro 
sJlecialised. Uudimcntary organs, from being ugeless, 
aro not regulated by natuml seloctiou, und honoo aro 
variable. Specific characters-that i~ the charnctcl'lJ 
which hal'O COIUO to dill'er sinoo tho several species of 
tho samo genus brunched 011' from a common parent
are Inore mriablo than gcneric charnctcl1!. or th08ll 
wllich lIal'O long been inheritcrl. nnd ha\'o not dill'ered 
within tllis same period. In thew rcmarkil wo Ilal'o 
rofcrre<l to special parts or organs being atilt variable. 
be<.'il.use they ha\'e recently vnriL.J and thus como to 
uifTcr; but wo hal'o also secn in tho second chaptcr that 
tho samo principle applies to tho wholo indil·idull.l; for 
in a diiltrict where many specics of nlly geuus arc found 
-that is, whero there has been much former variation 
aDd uifi"crcntiation, or whem the manufactory of new 
specifio forms has boon actively at work-in that district 
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and amongst these species. wo noll' 6ud, on 1111 a,'ell!.ge, 
Dl08t 'farieties. Secondary sc;'[unl c1mJ"8etere are highly 
'ftu"iaLie, and 8ueh eharnetcre differ much in the species 
of tho snmo group. Variability ill tho I!t\mc parts of 
the orgonieo.tion 11M generally been takcn advantago 
of in gil'ing secondary sexual differenec8 to the sexes 
of the 8~me species, and specific diffcrences to the 3Cl'ernl 
species of the mme gellus. Any part OJ" organ de\'e
loped to all extraordinary 8ize or in nil extraordinary 
manner, in oompnriflOll with tho same 11art or organ ill 
the allied species, must hll,'e gone through lUI extra
ol\lillnryamount of modification sineo the (,,'t'nus arose j 
and tllU! we COil understand why it should orten still t() 
variable in II much higher degree than other pam j for 
lariation i8 II 10llg - continuoo. lind alow process, and 
Datural .d~tion will in sllch cases not. lUI yet have had 
time to o\'ercome the tendency to further "Ilriability 
and to rC\'enioll to Il less modified state, But when 
"8J1edes with ally cxtrllordinarily-de\'e1opcd organ has 
\Jerome tho parent of many modified uC8CCmlrmts
"llicll ou our \'iew must be n \'el)' sloll' process, requir
ing n long lapso of time-in this case, nRturtll sele<:tion 
bas 8ucc('{'(led in giving a fixed character to the organ, 
in howcl"cr cxtraordioary a mh~lOer it mny havo I.Je<.Il 
developed, Species illh{'titiog ncarly tho Stlmo consti
tution from a commOn IllU'ent and Cl:P08ed 10 similar 
inl1u('ncC!', naturally tcud to present analogous varia
tiont, or tit('8(l StlIllC Bpceies !lilly oecaBionally rCl'en tu 
!lOme of the chamctcrs of their an('icnt ]ltogcniton;, 
Although ncw and important mocJificatiOJlS !Day not 
arise from t(:>\'rrsion and flllalogous "arintion,snch modi-
6ratiolls \\i ll add to Ille bcautifiliaucllHlrmQIliOll5 di,'er_ 
llityo£n.aturc, 

Whato,w tIlO cause may be of oach slight difference 
btiWC('D tho offspring and their J)fIrcnts-nnd n cuu.sc 
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for each must exist-it is tho 8tcOOy oocuIDulation, 
through natural selection, of beneficial differences that 
hag ghoen riso to all thOS() modificatioD.9 of structure 
which are the most important for tho welfare of each 
.species. 
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CHAPTER VI. 

DlITlcl1\'TIa or Till: 'l'ulWnf. 

Difficultios of tilO theory of doteent with modification _ Trallsi. 
tiQl~- Abl.:-noo or rarity of tl'!l.J1litional vBrictios_ Trlm.ition. 
ill habiU of lifo-Diversified habill ill tho amo IJX".li .. -
SllOCie. withhabillwidelydiffcmntfromtbOlOof their a.I1ie.
o.g..... of extreme perfootion -Model ol lralillitioo -c.- of 
diflicnlty_K.tu .... noo f.acit saltum-Org.naolilmall import
-.nce-Orp.n. ~ in a11_ at.oluldy perfrt:t_ 'The 1& .. of 
Unity of Type.nd of Uto Condilio... of E:J:illt!ooe emm-l "y 
t.hotheory ofKaluralSelectioo. 

Loso berorc having arrived at this part of my work, 
8 crowd of difficulties will have occurred to tho reader. 
Some or them aro so serious that to this dliy 1 can 
hardly refloot on them without being staggered; but, to 
the best (or my judgment, the greater number nre only 
apparent, ami tllOSO that arc real arc not, I think, fatal 
t.o my theory. 

'l'hese difficulties and objections may bo classed under 
the following heads :-First, why, if epodes havo de-
lC('udcd from other species by iD9Cnsibly fino gmdations, 
do \1"0 not everywhere sec inuumernblo trnnsitional 
fol1llS? Wily ~ 1I0t all nature in confuaion, instead of 
the species being, 811 wc sec them, well defined? 

Secondly, is it possible that an animal I18I·ing, for 
ingtance, tile ~trueturo and habits of a bat, could have 
bccu formed by tho modificution of eomo animal with 
wid<!ly-dilfercnt structure and habits? Can we ~lievo 
that natural selection could produce, on tho one hand, 
orgtIns of trifling importance, 8uch lUI tllO tai l of a giraffe, 
wbich li(:n"e9 fill " fly.flapper, and, on tho other hand, 
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organs of such wonderful structure, 8.9 lho eye,ofwhicil we 
hanlly as yet fully uuderstand the inimitableperfectioll? 

Thinlly,ran instincts bcacquired and modified through 
natnml &election? What shall we sny to 80 mnn-ellous 
an instinct as that which leads the bee to make C('1l!', 
which hll.8 practically anticipated the disco\'crica of pro
foundmatllcmaticians? 

:Fourl.lI1y, IIOw can we account ror species, whcn crossed, 
being sterile and producing stcrile offspring, whereas, 
whenmrioticsarec:rossed, theirrcrtilityisuuimpoircd? 

The tll"O first heada shall be hero discussed-IWltinct 
and Hybridism in separate chapters. 

Oil the .dbtence or Rarify of Tran!ill'07Ial Yariditll. 

As naturol selection nct.fJ IJOlcly by the prescn'ation 
of profitable modifications, each new form wi!! tend in a 
(uUy-stockcd country to tako the plaoo of, and finally to 
exterminate, its own less impro\'e<1 parent ~ fonn and 
oUler Icss-fa\'ollrod forms with which it comes into com
jJctition, '1'11118 c1tillction and natural selection go llllnd 
in hand, DClloo, if we look at each species as descended 
from IJOme other unknOIl'n fornI, both the parent and 
all tho trnnsitional \'arietie!! will generally 1lIl\'e been 
utef'lniunted by the \'ery process of tho formation and 
perfection or tho new form. 

]311t, lIS by this theory innumerablo trnusitional forms 
mll:st ha\'o exi:sted, why do 11'0 not. find thcm embedded 
ill CQllntiC88 numbers in the crust of tho earth, It wiIJ 
be moro coll\·CJ\icnt to discussthil question in the chap
ter on tim Imperfection of tllO Geological HOCQnl; nml 
I will here only stnte that I bclie\'o tho 11118wer mainly 
lies in the record being iucoDlpnrobly less perfect than 
is gcnernlly suppoec<l. The crust of tho earth is :l. VI st 
ml1SCum; but tho natural collectioll8 havo been imper
fectly made, Rnd only at 10Jlg inlem,1. of time. 
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nut it may be urged that when several cloecly-allioo 
IIpe .. iet inhabit the snme territory, we surelyougllt to 
find at tho present time many tnUlsitionai forms. Let 
w tako a simplo case: in tmrelling from north to 
south over a continent, we generally meet.llt suCCCS!!il-e 
intervllis wilh elosely allied or roprescntllth'o speciee, 
evidently filling nellrly the same place ill tho nnlural 
coonomy of the land. '£hese TCllrescntntil'o species often 
w('(!t and interlock; and as the 0110 becomC8 rarer Ilmi 

rarer, the other becomes moro and moro frequent, till 
the one replaces tbo otller. But if we comparo these 
spe<'iee wllere they intermingle, tlley are generally lUI 

ah-.olutely distinct from each other in e\'ery detail of 
Ilructure lUI are epecimens taken from tho metropolis 
inhabited byeacb. By my thoory these allied species 
are de:eeended from a common parent; and during the 
proee~e of modification, each lIas becomo adapted to tho 
conditione of life of its own region, aud lllUI supplanted 
and utermiualed its original parent-form and all the 
transitional raricties between ita past and JlTCllCnt statcs. 
Henc.'o wo ought not to el:pect at tile J)fC8Cnt timo 
to meet with numerous transitional \'arietiee in each 
rt>gion, thongll they must ha.e Histed there, and may 
L.l embedded there in 0. fossil condition. But in tho 
wtennediato region, having intermediate oonditiOlls of 
lift', wby do wo not now find closely-linking interme
diate \'arietiee? This difficulty for a long timo quito 
oonrOllnd«l me. But I think it enll be in lnrgo part 
ezpJaiDt'<i. 

In the first plnee wo should be cXlr<!rnoly cautious ill 
inftorrinj:", because an nren. i-'l IJOW oontinuous, tlint it 
be !.M·n contiuuous during 0. long period, Geology 
would lead U8 to belie\-o that most contiuents hare bcl.-n 
broken up into islallds m'en during tho lak'r tcrtinry 
periode; and in snch island! distinct speciCfl might 

r 
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lIa\'O been 5Cparately formed without tho JlO88ihilityof 
intermediato yarietie8 existing in the intermediate zones_ 
By change8 in tho form of the land and of climllte, ma
rino flrcatI now continuous must often b",·o existcd within 
recent times in a far less continuolls and uniform condi
tion thau at present. But I will pass Ol-er tllis way of 
escaping from tbe difficulty j for I beliovo that many 
perfectly cle6ned species llilYO heen formed 011 strictly 
continuous areM i though I do not doubt that tho for
merly brokcn condition of areas now oontiuDous has 
played an important part in tllo format ion of new 
speciCl', mOM especially with freely-cf08l:!ing and wan
deriuganimals. 

In lookiug at speeies II.!I they arc now distributed over 
a wide 1'II1!t1, wo generally find tllcm tolerably numerous 
over a large territory, then becoming 8Ome~-llat af>. 
ruptly rarer and rurer on tho conlinC/<, and finally dis-
appearing. Hence tho neutral territory between two 
repreBClItatiyo speciCii is generally narrow in comparison 
with tho territory proper to each. 'Vo 800 tllO sarno 
fnct in ascending mountains, and sometim<!8 it is quite 
remarkablo bow abruptly, as AJph. do Candollo has 
obscrn'd, a common alpine spocice disaPI)Cars. 'l'ho 
sarnO fact has boon noticed by E. Forbes in 80nnding 
the depths of tJlO III!tI. with the dredge_ To tllOlIC ,,-ho 
look at c1imato and tho physical conditiOIl8 of lire liS the 
all-important elements or di~t.ribution, tli(>80 fae!..:! ought 
to cause surprise. as climate and lleight or deptll gra_ 
dnato away insensibly. Bnt when we beM ill mind 
that a lmost overy specics, eyen ill its metropo1i~, would 
inCf('IISO immensely in numbers, were it not for othef 
competing species j that nearly aU either prey on or 
BOT\'O as prey for others; in short. that each orgnnic 
'being is either direclly or indirectly related ill tho mo.-t 
importAut mlUlner to other organic being!', \\'0 must see 

hArL n ~rw , Onion ... 
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that the mngu of the inhabitants of any country by 
no mcam exclusively depends on insensiuly changing 
phYl:Iical oonditiolUl, hut in large part on the presence 
of other species, OD which it lives, or by which it i9 
destroyed, or with which it comes into COlli petition ; and 
l1li thC:!e species nre already defined objects, not blcud
ing one iuto nnotllcr by iuseusible gnL'iatiorls, the rungo 
of any ono spceio.:s, depending as it docs on the range of 
others, will tend to be sharply defined. Moreover, 
eacb species on the confines of its ran~, where it exists 
in le&6ened numbers, will during fluctuations ill tho 
humber of its enemies or of its prey, or in the seasous. 
be extremely liable to utter extennination; and thus 
its googra.phienl range will come to be still more sllarply 
da6ned. 

U r am right in belie"IDg that alJied or roprcscntn
UTe specios, wben inhabiting n continuous area, are 
generally 80 di~tributal. that each hns a wide runge, 
with a c01l1jltlratively narrow neutml territory between 
them, in which thoy become rather sU(lUcniy rarer and 
rarer; then, fL8 ,'arieties do Dot essentially differ from 
lJl'lC'ietl, the same rule will probably npply to both; 
and if we take a varying species inllabiting a "ery 
large area, we shall h8fe to adapt two "arietice to two 
large areM, and a third ,·ariety to a narrow intcrmcdiato 
mtlI!. Tho intermediate ,'ariety, C<lnsoqllentiy, will 
eritt in le;;.-;"'r numbers from inhabiting a lIarrow llnd _r area; and practically, as fur as I can make out, 
thia rulo hollIs good with ,'arieties in a state of nature. 
I ha,'o met with 8triking instances of tho 1:'ulo in the 
eue of mrietics intermediato betll'OCIl well-marked 
nrietice in the genus Balanus. And it would appear 
from. information gi,'cn me by Mr. Watioll, Dr. Asa 
Gray,and Mr. Wollaston, that generolly, "h,n '-arietic8 
iuermeJiato between two other forms OC('ur, they are 
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much taref numcriclllly thlln tho fOfms which they 
connect. Now, if wo Illay trUllt these fnets and in
fcrenoos,ond therefore conclude that"nrieties linking two 
other \'arirtics togcthef hllVO generally existed in lesser 
numbers thon the forms which thoy connect, then,l think, 
we con understand why intermediate varieties should not 
enduro for "ery long periods i-why, as Q. general rnle 
thc,Yshould be extcnuinated and diBllppear, sooner than 
tho forms which they originally linkod togolller, 

I?or any forln existing in lesser numbus would, as 
already remarked, run a greater chn.noo of being exter
minated thun ono cxisting in largo numbers i and in 
this particular case the intermediate form would be 
eminently l iablo to the inroads of closely~llicd forms 
eusting on both sides of it. Dut a far moro important 
consideration, as I belie\·e. is that, during the process of 
further modification, by which two varieties arc supposed 
to be converted and perfected into two distinct species. 
tho two whieh exist in larger numbers. (rom inhabiting 
larger areM, will ha"e Q. great advantago ovor the inter
mediato variety. which exists in smaller numbers in a 
narrcw and intermodiate wne. ]i'or forms existing in 
larger numbers will alwaya ha,·o Q. better chance, within 
nny given period, of presenting further favourable ,'4-
riations (or Mturnl selection to IICUe 00, than will tho 
rarer forms wbich exist in lesser numbers, Hence, tbo 
more common forms, in tho race for life, will tend to 
beat and supplant the less common forms. (or these will 
be morc iilo"ly modifiod and improved. It is the same 
}Jrinciplo whicll, us I bcliC\'e, account.'! Cor tho common 
~peciall in oneh country, tiS sl10wlI in tho second challter, 
jlrc&Cnting 011 an Iwcraga a greater llUmher of well. 
marked vurietics than do tho rarer SpcciCll. I may iII~ 
Irate what I mean by supposing three varieties of sheep 
to he kept, ono adapted to all extensh'e mountainoua 

(j:) The CO;ooitte ..Jork of Chane:. __ .<fill "-'IlII:1e 
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region; a IM'!OOnd to a comparative.ly narrow, hilly tmct; 
And a third to wide plnins nt the ba8c; nnd lhnt tim 
inhnbibnts nro all trying with equal stcadille88 and 
Ilci ll to impwye their stocks by selection; tho chances 
in thisCMO will be strongly in fllyonrof the great llOlders 
on tho mountains or ou the plains impw" illg their breeds 
more quickly than thosmsH holders on tho intermediate 
narrow, hilly tmet; and consequently lho improved 
mountain Or plain breed will IlOOn luke the placo of Illc 
less improl'oo hill breed; and thus the two breed/\, 
.hich originally existed in greater numbers. will como 
into c10ee contact with each other, without the interpo
Iilion of t1u~ supplanted. intermediato hill,,·ariety. 

To sunl up. 1 believe that s~ies com6 to bo lolembl), 
.-ell·defined objects, und do not atany ono period present 
aD inextricable ehaos of "arying and intermediate links: 
lint, because now "nrioties are l'ery slowly formed, for 
Twtion is n slow process, and natural selection can do 
DOlhing until favourablo illdh'idual differenecs or yn. 
nations occur, and lmtil a place in the natural polity of 
the country can be better filled by some Illodification of 
lOme one or more of its inhabitants. And such new 
pIAee. will d ... pend on slow changes of climate, or on tho 
oocuional immigration of now inhabitants, and, probably, 
ill • still more importnnt degree, OIl 8OIno of the old 
inhabitants becoming slowly modified, with tho new 
fonn~ thU9 producoJ and the old ones acting ane! reactinO' 
OIl each other. So that, in any ono region Ilnd ZIt nllV 
ODe lime, we ought on ly to sec " few species presenting 
alight modifications of stnlCturo in somo degreo perron. 
Dent; and this fiSSured ly wo do Bee. 

&oondly, areas now continuous must onen hanl 
uiated " ithin the rocent period as isolutod portions, ill 
which many forms. more especially amongst the cln. ... (>g 

which nwto for each birth nud wander much, may ha\'o 
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&('pnrntcly been rendered sufficiently distinct to ronk 
nlI representative species. In this case, intermediate 
"nriclics between the severnl representative llpecics and 
their comlllon parent, must 111"'0 elisted formerly within 
Cfl,eh isolated portion of the land, but these links during 
tho process of Ilatural selection will have beell supplanted 
and cxlenninatcd, so tllat they will 110 longer be found 
in n living state. 

Thirdly, when lwoor morc mrietiCl! lll!.\"e boen formed 
in uifferent portions of a strictly continuous area, inter
mediate \-orietics will, it is prubaLle, at first have been 
formed ill the intermediate zones, but they will generally 
have hnd a short duration. }~or these intermediate 
varieties will, from reasolls fllrendy MIIigncd (namely 
from what wo know of the actual distribution of clOBely 
allied or representati,-e species, and likewise of acknol1'
ledgocl varieties), exist in the intermediatezoncs in lesser 
numbers tilan the yarieties w]lich they tend to connect. 
From this cause alollo tho intermooiate varieties will 
be liablo to accidental e:xterminntiou j aud during tho 
procetl8 of further modification through natural selection, 
they will almost certainly be beaten and 8upplanted by 
tho forms which they connect; for these from existing 
in greater numbers will, in the Ilggregntc, present more 
variation, al\(l thus be furtller improved through natural 
aclt'Ction and gain further advautages. 

Lastly, looking not to anyone time, bllt to all time, 
if my theory be true, numberless intermediate mrieties, 
linking clO6Cly together all the species of the samo group. 
mu~t flS91U'e<Uy have existed; but the very process of 
Ilntural selection constautly tends, M has been SO often 
remarked, to c:\:terminate tho purent-forms and the intcr
medinte links. Consequently evidence of their former 
existence could be found only amongst fOllSil remain., 
'whicb are preserved, as we shall in a future chapler 
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attempt to s.how, in an (!xtremciy imperfoot and inter
mittent record. 

On. til, ()Yigin and Tran,ilion! of OrganiIJ Beings with 
peculiar Habit. and SlruduTt. 

It hall been asked by the opponcntsof such vicws 118 I 
hold, how, for instance, a land eamh'Orous animal could 
hal"e ~n COU\'C'rted into one with aquatic habits j for 
howrould thcl'mimal ill itstmllsitiOllal state il!lvcsu\).. 
sigte<!? It would be easy to show that within the sarno 
group camh'orous animals exist, having c.rry int(' .... 
mediate grade between truly aquatic aud strictly trr~ 
triaillfibits j nnd all ench exists by Q. strugglc for life, it 
is clear that each is well adapted in ita haLits to its 
place in nature, Look at tllC llustcla .isoll of North 
Ameriea, which has webbed foot, and wllieh resembles 
an ottcr in its fur, short 1e&'S, and fonn of tail; during 
lummer this animal dhes for and llreys on fish, but 
during the long winter it leal'eII tho frozen watel1l, Ilnd 
preys, like other pole-cats, 011 mice and land animals. 
If a different eaee had beell taken, and it had been 
8<lk('(\ how nil insectivorous quo.dnljJCd could possihly 
ha\'c been converted into a flying bat, tho question 
mJuld ha.e been far more difficult to an8l1"er. Yet I 
think 8uch difficulties lla\'o littlo weight, 

Here, as on other occusions, 1 lie under n lleavy dis
aliI"antngc, for, out of tho many striking eases which I 
hne oolleded, 1 call gil'o only ono or two ilistUIlCCS of 
trall~itional habits and strllctures in closely-allied species 
of the same genus; and of di\'ersifIC'd. habits. eithcr oon
llta.nt or OCCIUIional, in tll1~ &:amo spooies. And it seems 
to me that Ilotbing less than a long list of such COSCII is 
IlUffi(.'il'nt to lC68Cn the difficulty in any particular cnllO 
like Ulatofthc bat, 
, Look at the family of squirrels; hero wo hnvo tho 

ate. work of CN!rie:s Dan';111 Online 



21. 

fln!'lt gradntion from animals with tlicir tails only 
slightly flattened, and from others, 08 Sir J. HichardsoD 
has remarked, with the JlO6tcrior part of their bodies 
rather wide and with tho skin on their flo.nks mther (uil, 
to tho so-enlled flying squirrels i lind flying squirrels 
havo their limbe and oven the base of tho tail uniWd by 
a broad expanso of s.kin, which IICn'(>fj fLS a parachute 
nnd nllow8 them to glide tluough the air to an astonish
ing distanoo from tree to tree. We cannot doubt that 
each structure is of use to each kind of squirrel in its 
own country, by enabling it to eseapo birds or beasts of 
prey, or to collect food more quickly, or, Ill! thero is 
reason to belioH'. by lessening the danger from occa
lIional (alia. But it does not follow from this fact that 
tho structUfO of each squirrel is the beat that it is JlOB"" 
lIiolo to ooncci,'C under all oatuml conditions. Let tho 
climato and vegetation change, let other competing 
rodellu or new beast3 of prey immigrate, or old Olles 
becomo modified, und all nnalogy would lead us to 
beliove thl'lt some Bt least of theeqnirrels would decrellBe 
in numben or Lecome edenninated, unl088 tlleY abo 
became modifled and impro"\"oo in structure in n ['orre
sponding manner. Therefore. I can seo no difficulty. 
moro especially under changing conditions of life, in 
the conlinuoo preservation of individuals with fuller and 
fuller f1ank.membranes, eHch modification being useful, 
each being propagated, until, by tho occumulatOO effects 
of this pr(J(,:CSS of natural selection, a perfect so-cnlled. 
flyillg squirrel was produced. 

NolV look Bt tho Gnleopithccus or flying lemur, wllich 
formerly was rauked amongst bab. It has an extremely 
wide flank.membrane, stretching from thB corners of thl) 
jaw to dIe tail, and including tho limb8 and the elong~ted 
tingcf8: the f1ank·melDbrlmo is, abo, furnished with an 
extensor musclc. Although no graduated links of stroc-
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tun', lilted for gliding through the air, now conned. the 
GaleopitllccU8 with tho other Lemuridll', yet. there is no 
difficulty in 8upposing that lIuch links fonnerly existed, 
IIlld that each had beeu formed by tho aame steps as in 
the C1l800{ tho less perfectly gliding: squirrels; and that 
each grade of structure was useful to its po8SC88Or_ Nor 
caD 1 see any insuperable dillien!ty in fnrther belie,-ing: 
it IlOSIIible that tho membraue-connectcd fingers lind forc
arm of tllC Galcopithcclls might be greatly lengthened 
by natural selection; Ilnd thi~ aa far as tho org:a.n.s of 
flight arc concerned, would convcrt it iuto a oo.t. In 
Cf.'rtaill bats which have the wing-membrane extended 
from tho top of tho shoulder to the tail, including tho 
bind-lega, we perhaps yet. see actual traca of an IIPpn
rat~ originally fitted for gliding through the air mther 
than for Hight. 

l( nbout tI d070Cn genera of birds had become extinct 
or were unknown, who would havo ventured to surmise 
that birds migllt hlwo existed Illliel! used their lVings 
101ely ns flnppet8, liko the logger-Ilendcd dn~k (i\licrop
terns of J~ywn); ns fins in tile water and front legs on 
the land, liko the JXlnguin j aa saiiB, liko the 08tridl j 
and funrtionally for lIO purpose, liko thoAp1eryx? Yet 
tho l:itructuro of each of these birds is good for it, under 
th .. conditiorus of life to which it is e.xposed, for each ha~ 
10 lil-o by a struggle j but it is not Il C'COOlll rily the best 
fO'Siblo under all posaible conditiorus. It must not be 
inferred from these remarks that any of the gmdell of 
~·inS'·strllcturc here alluded to, which perhaps may all 
bavo resllltt.>d frQm disuse, indicato tho natural stop~ by 
which IJirde havo acquired their perfect power of flight j 
LUllhf'y acrw', nt least, to sholl' what dil-ersifiC<i mealls 
ortrnn~ition nrc possible. 

Seeing that a few memoc.rs of Buch water-breathing 
classes aa tho Crustacea and Uolhuca. arc adapted to 

.. t Wow..-.frh 
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live on tho ian(l j and seeing that we have flying birds 
and mnmmal8, flying inllC('taof the mostdiversiflcd ty~, 
and formerly had Ilyillg repliios, it is conceivable that 
flying-fish, which 1I0W glido fnr through tho air, 81iglLtly 
riaing and turuiug by tho aid of their fluttering fins, 
might ho,-o been lDodiliPd iuto perfectly winged animals. 
If this had been effected, W110 would h/we ever imagined 
thi in an early trallllitional state they had boon the 
inhabitants of the open ocean. and lind used their in· 
cipient organs of flight c1cluaivcly, as far 88 wo know, 
to csrnpe being devoured by other fish? 

When we sco any structure highly perfected for any 
particular habit, IlS the wings of a bird for flight, we 
8hould bear ill mind that animals dislliaying early trans
itional grades of the structure will seldom exist at tho 
pn:l8Cnt day, for thoy will have heeD supplantf'd by their 
successors, which were gradually rendered more perfect 
throngh natural selection, Furthermore, wo may con
clude tba.t transitional states between stnlctltWl fitted 
for very different llll.bits of lifo will rarely have been 
do\'clopcd at !lit early IJCriod in great IInmoors and 
under mnny suhonlinnto forms.. Thus, to return to our 
imaginary illustration of tho flying-fish, it (ioea not 800m 
proboble that fishcs capablo of true flight would ha\'o 
been developed under many suoonlinato fOnDs, for taking 
prey of mnny kinds in many ways, 011 the land and in 
the water, until theirergalls of flight had como to a high 
sta","C of perfection, 80 fI8 to have given them a docided 
advantage Ol'er other animals in tho battle for life. 
lience the chanco of di8CO\'ering SpociCll with trangitiono.l 
grades of structure in a f06lliI condition "ill ahraya be 
less, from their having existed in lesser numbers, than 
in jho case of species with fully developed stnlctures.. 

I will now gi\'o two or three instances of diversified 
.and of changed habils in tIle individuals of tho snme 
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flpeci~ In either case it wonla be easy for naluml 
JJclection to adapt thc structure of tlle animal to it.!! 
dllluged habitll, or uehl8h·e1y to one of its 86\·eral 
habits. It. is, I,owever, difficult to decide, and immaterial 
fur us, whether haLits genemlly dUl.IIge first and struc
ture afterwards; or whether slight modifications of 
structure lead to cbonged hobilil; both probably often 
occurring almost simultanoously. Of cases of ehanged 
habits it will suffiee merely to ollude to thnt of the 
many British insects which now food on exotic plants, 
or exclusively on artificial substances. Of di,·ersifiod 
habits innumerable ills\.llncea could be gi\·en: I 1111.\'0 
often watched a tyrant flycatcher (Saurophagns sui
I,bumtus) in South America, hovering o,·cr one spot 
and theu proceeding to allOthcr, like a kcstrel, and at 
(lther times stauding stationary on the IIlIlrgin of watcr, 
and then dashing into it like a kingfisher at a fish. In 
our own country the larger titmouse (Parus ml~or) may 
be seen climbing branches, almOBt like a creeper; it 
8Ometime~, like a shrike, kills small birds by blows on 
the h('tl(l; and I have many times 86cn and heard it 
hammering the seeds of the yew on a brauch, and thus 
breaking them like a nuthatch. In North America the 
black bear Wtl8 seen by Hcame swimming for llours 
v.-ith widely 0l)('n mouth, thus catching, almost like a 
whale, illilectsin thown~r. 

Aa we flOmetimcs8CC individuala of a species following 
habits widely different from thOBO of their own species 
and of the otbl'r spc(:ice of the same genus, wo might 
e:Ipect that sul'b inJi\"iduals would OCCM.ioually gi\"e 
ri<e to lIew !<p&'iC'll, having anomalous habits, aud with 
tllf'ir structure eithcr &lightly or CQn~idcrnbly modified 
from that of their proper tnlC. And such iDstnnces do 
occur in nature. Can a more striking instance of adap
tation be gh·en than that of a woodpecker for climbing 
tree. and seiz.ing insecta in the chinks of tho oork? 
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Yet in North America there are woodpeckers which feed 
largely on fruit, and others with dongnted wings wbich 
chase in8e(!U 011 tho wing. On tho plains of Ln Plata, 
where not a tree grows, there ill n woodpecker (CclapJ£. 
eampatril) which has two toes before nnd two behind, 
a long pointed tongue, pointed tail.fcathcnI, sufficiently 
eti/T to support tho bird ill a vertical position 011 n post, 
but not 80 stiff Ill! in tho typical woodpcckcr'!:', Dnd n 
straight fl"trong beak. Tho bellk, hOlro\'cr, is not 90 
straight or 80 strong as in the typical woodpcckcl'!I, but 
it ill strong enough to bore into wood. Henoo this 
ColapWti in all the essential parts of its strnctllTO is " 
woodpecker. E,en in such tritling chnrnctCI1I IlII tho 
colouring, tho harsh tono of tho voice, and undulatory 
flight, all plainly declared its c1080 blood-relationship 10 
our colUInon woodpecker; yet, IllI I cnn Il88Crt, not only 
from my OWII obstrmtion, but from that of tho accurato 
A7.l!.m, it novcr climbs a tree! I IIlny lIlention 113 an· 
other il1ustro.tion of tho vnried IJo.bits of tho tribe, that 
a Mexican Colaptcs has been described by Do RlUssuro 
n.s boring lloles into l18rd wood in order to lay up l\ store 
of acorns, but for what use is not yet known. 

Petrels aro tho most acrial and O('('fl,nio of birds, hIlt 
in tho quiet sounds of Tierm del Fuego, tho Puffinllna 
berardi, ill its genoml habits. in its astonishing power 
of dh'illg, its manner of swimming, and of flying when 
mooo to tako flight, woul.l be mistaken by nny ono for 
an Bilk or n. grebe; nel'erthelCM it isosscntifllly fI petrel, 
but with mallY parts of its organillUtion profoundly mo
dified in rdation to its new habits of life; whereas 1110 
woodpockerof La Plata hfL!l had itsstrlletUNl only sligbtly 
modilied. In tho case of the water-ouzcl, the Il(:utcst 
observer by examining its dead body would Ilc,'cr have 
8USllOClcd ita snb-aquatic habib; yet this hird, which is 
allied to Iho thrmh family, wholly 811bsista by di,-ing
ming its wings uuder water, and gro.sring 1I101l0S with 



OF ORGA.'iIC DEI!'l'OS. 221 

its fool. All the members of tile grentorder of nJmen. 
optefOU!! insects are terrestrial, excepting tlie genus 
l)roctotnlpcs, whieh Sir John Lubbock IiIl8 recently 
di300vercd to be aquatic in its habite; it oftem enters 
tho water and dives about by tho U80 not of its legs 
but of its wings, and remains as long a8 four hours 
beneath the surface; ret not tho leflllt modificntion in 
its structure cnn be detected in acoordanoo with such 
abllormnl habits. 

He who believes that each being lIa.s been created 88 
"-e now 800 it, mU8t occasionally have felt surprillO wIlen 
lIe bas met with an animal having habits and stnlcture 
not at al1 iu agreemcnL What ean be plainer than 
that the webbed feet of ducks and gCC80 are formed for 
~wimming? Yet there are upland gccee with webbed 
r.'Ct \\lIich rarely or never go lIear the water; and no 
one except Audubon has seen the frigate-bird, wllich 
liM aU its four toes webbed, alight on tilO 8urface of the 
acettn. On the other haud, grcbes and ooots nre emi· 
nently nquatie, aUhougl1 their toes are only bordered by 
membrane. What seems plainer than that tho long 
toes, not furnished with membrane, of tho GraUatores 
are formed for wa1kingo.er swamps &lId floating plants? 
-the "-ater-hen and landraiJ are members of this order, 
yet the first. is nearly 118 aquatic lUI the ooot, Dod tho 
IE'COnd nearly as tClTCStrial 118 the quail or partridge. 
In Buch eases, and many others could bo gi\'en, l18bita 
hs\"e changed ",-itllout a corresponding c1ul.Ilge or struc
ture. The webbed feet. of the upland goose may be 
laid to hal'e becomo rudimentnry in function, though 
Dut in structure. In tho frigate·bird, tho deeply scooped 
membmno between the toes shows that structure I1f11l 
bl-gun lochnngc. 

Jle who beliOYe& in separate and innumernblo u.cts of 
('1'("&tiOD may my, that in these caSCII it has pleased the 
Crator to CtlUSO a being of one typo to take the IJiace 
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of one belonging to another type; but this seems to me 
only restating tbe fnet in dignified language" ITe who 
belie'"es in the III.ruggle for existence and in the prin
cillio of natural selection. will acknowledge that every 
organic being is constantly endeavouring to increase in 
numbers; and that if anyone "aries ever so little. either 
in habits or structure, and thus gnins an nd"imtage over 
some other illlillbitant of the country, it will seize on 
the place of that inhabitant, howe,'er different it may 
be from its own ll\acc. TIence it will CRuse him no sur
prise that there should be geese and frignte-bil'<.ls with 
webbed fcct. living on the dry laml or mOllt rarely 
alighting on tho water; that there should be long.toed 
corncrakcs, living in mesdowil illiltesd of in swamps; 
that there should be woodpeckers whero not a tree 
groW3 j that there should be diving thrushes and diving 
Hymenoptera. and petrels with the habit" of auks. 

OrfJllf" oj ell/reI/ill Perjedw'fl, Ilnd Complicali()fl." 
'£0 8UpPOSO that the cye with all its inimitable COll

trimnccs for adjusting' the focus to different distances, 
for admitting different amounts of light. and for the 
correction of ~pllerical and chromatic aberration. could 
ha,"e been formed by natural selection, seems. I freely 
CODrCSII, absurd in the highest degree. When it was 
first snid tllot tho sun stood still fLnd the world turned 
round, the common sense or mankind drclared the doc
trine mhe j but the old saying of Voz populi, t.W Dei, 
as every philO8Opher knows. cannot be tmsted in seience. 
lleiL80il tells me, that if Ilumerous gradations from an 
imperfect (lml simple eye to one perfect and complex. 
eneh gmdo being useful to its posscssor, CAn be shown 
tocxist, lUI is certainly the Cft86; ir rurthcr, the eye ever 
slightly ,'arica, and tile ytlriations be inherited, 88 is like
wise certainly the CIlSC; and irauch variations should c'"cr 
be lliICful to Bny_animal under changing conditions or 
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life, then the difficulty of believing that a perfect and 
complex eye could be formed by natural selection, 
tllough insupcrflblo by Ollt imagination, cannot be cou
lidered real. lIow 9. nerve comes to be 8ClUIitive to 
light) hardly concerns us more than how life itaeIr lirst 
originated j but I may remark that, as 8Omo of tho 
lowest organisms, in which nerves cunnot be detected, 
are kno\\'ll to be sensitive to !igM, it does not 800m 
impossiblo that certain elements in tho sa.rcOOe, of which 
they aro maiIlly eomposod, should become aggregated 
anJ don!loped into nen'f!8 endowed ",ith this special 
acDsibility. 

III searching for tIle gradations through which all 
organ in any species has been perfected, wo ought to 
look exclusively to ita lineal progenitors; but this is 
aearoelyover possible,and 11'0 aro forced to look to other 
lpOCiC8 and genera of tho sarno group, that is to tho 
collateral dcaecndants from tho same parent-form, in 
order to see what gradations aro possible, and for tho 
chanco of some gradationa having been trlWsmitted in 
aD unnltered or littlo a1t('red condition. But the state 
01 the organ even in distiu(.'I. elM8C!J may incidentally 
~hrow light 011 t,ho steps by which it has becn perfected 
lD anyone species. 

Tho aimplest organ which enn be called an eyo COll
si~ta of an olltie nerve, surrounded by pigmellt-cel1s 
oo,'ered by transluccnt skin, but wit1\Out any lcns or 
otlwr refracti,'e body. \\'e may. bOlli-ever, IICCOrdillg to 
11. Jourdain, descend en'n a step lower and lind aggre
gates of l)igmcnt-cclh!, n})llClrentl Y serving as an organ 
01 vl'lion, but without allY nerve, and resting merely on 
lBf'COdic tissuc. Eyes of the aoo,'o simplo nature are 
not cllpable of distinct \. isioll, and sen'o only to dis
tingui~h light from darkneil8. In certain smr-fishCll, 
1ID411 d"pressioDJI ill tho layer of pigment which sur-
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round! tho nerve nrc filled. us deseribcd by the author 
just quoted, with tmnFpStent gelatinous matter, pro
jecting with II. convex surface, liko tllO comea iD tho 
higher animals. He suggests that this scrves llot to 
form an imagc, but only to concentmte tho lumiD{JU8 
rays and render their perception morc easy. In this 
concentration of tllO raya \\0 gain tho first and hy far 
tllo most important step towards tho formntion of Il. true, 
picture-forming eye; for we have only to plnco the Ilaked 
extrcmityof the optic nerve, which in some of the lower 
animals liaa deeply buried in tho body, and in some 
ncar tho surface, at the right distance from tllO concen
trating appo.ratus, and an image will bo fonned on it. 

In tho grent class of tho Articulata, wo may start 
from an optic Den'c simply cooted with pigment, tho 
latter eomotimes forming a sort of pupil, hut destitute 
ora lona Or otilcroptical contrivance. With insects it is 
1I0W known that the numerous facets on tho cornea of 
tho great compound eyes form truo lellscs, and that the 
cones includoeuriouslymodificd lIer\'01l8 filaments. But 
th('sc organs in the Articulata nre so much diversified 
that Muller formerly made throe mllin clMIICS of com
pound cyC!! with seven subdiviJOiOD8, OOa:idcs 0. fourth 
main class of a~gregated simple eyes. 

Wuen wc reflectOD ihese facts,hcro gi\·cn too brieDy, 
with n'l8pect to tbe wide, di\'ersificd, and graduated 
mDgu of structure in the eyes of the lower animals; 
and when we boor in mind how smnll thc number of 
nil the forms now living must be in coml)O.rison with 
th080 which have become e:Itinet, tho difficulty ceases 
to be very great in believing that natural selection may 
Jlavo converted tllo simple apparatus of all optic ncrvc, 
coated with pigment and inn!!lted by trn1l9porent mem
brane, into an optical instrumcnt as perfect as is pos-
8C88ed by any member of the great Articulate Class. 

€.tThOltCC.1 let W f h rI ........ "n '\I,n, 
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]]6 who will go thus f~lr, ought. not. to hesitaw to go 
one ,tel' further, if he finds OIl finishing this ,'olume 
UUl.t. largo bodies of facts, otherwise inexplicable, cali 
be upluinoo by the theory of d6SL~nt with modifica
tiou; he ought to oomit that a structure eveIl fill: l)Crfl.'Ct 
as 1111 eaglc's cY61llight bo formed by naturol selootioll, 
aJlhough ill this ClI56llo does not kuow tho transitiounl 
814te8. 1 t has been objected that in order to modify 
tho eyo aud still prcsen'c it lIS fI, perfect iustnunellt, 
mauyclllluges would havo to be effected simuitullcously, 
.'hicll. it is a8i1umed, could not. be doue tlll'ough Ilatural 
Ideation; butas I ha\'e attelllpted to show iu my work 
on the variation of domestic animal!, it iii lIot ncces
ar)' to suppoee that all the modificntions were lIiUIIII
laneous, if they wero extremely slight and gradual. 
Elt·n ill the most highly organised division of the animal 
kingdom, Ilamcly tia6 Vertebrata, \\'6 can start from nil 
eye 110 gimJlle, that it collsists,as in tll6 JIIIlI.'('lct,ofn 
lillie 811('k of tn\UspareIlt skin, furnished witll n Ilene 
and lined with pigment, but destitllt6 of nny otber 
apparatus. ]11 wlh fishes and reptiles, (Ill Ow~n Las 
rewarked, "tho ronge of gra(iatiolls of dioptric strUeLures 
is-rcry great." ltisilsignificant fllct. thatC\'cn in nllln, 
ateordiug to the high authority or Virehow, the beau
&iJ'1iI crystallino lens is romlCd in the em(,r~-o (,yan 
aoMImullltion of epidermic cells, lying in n BaCk-like 
fuld or tho skill; aud th6 "itreolls body is formed from 
E'm(,ryonic 8\ib-cutnncous tissue. ] t is indeed iudis
pt'II8I\blc,inor<icr to alTh"o lit njust conclusion regllr<iing 
the formation of the eye, with all its mnrrelJously per
reet chllracter9, thnt the reason Rhould conquer the 
imagination; but I hnro felt this dimenlty f~lr too 
keenly 10 be 8\lrpriscd at nny dcgr...'6 of hesitation ill 
uunding the llrincillie of nntural selection to iO 

IWtlillg a lellgtla. 

I .. w.,.1< ofrh .. 
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It is 8C8f('(!ly possiblo to ai'oid oomparing the eye 
with II. tf'Jeecope. We know that this instrument has 
he<!n pcn(!('ted by the long-«mtinnod efforts of the 
highe~ human intellects; and we naturally infer that 
the ('yo has he<!n formed by 1\ somewhat analogow 
pl"OCC!!~. Dut may not this inferenoo be presumptuous? 
li/we we OilY right to assumo tllnt tho Creator works 
by intel1rctuul powers like thoso of man? If wo must 
compAre the eye to an optical illstmment, we ollght in 
imagination to take a thick layer of transparent tilJSue, 
with spaces tilled with fluid, ami with a nen'e 8Onsiti.o 
to light beucath, alld then SUllpo8(l o.ery part. of this 
layer to be ooutiuually changing slowly in dellsity, 80 as 
to sepnmto into layers of different d('lIsities and thick ... 
lle&iK'8, Jllace<l st different distances from ~h other, 
snd witll the surfuces of el\Cb lay('r 810wly changing in 
form. Furtller we must supJlO86 that there is a power, 
represented by natural selootion or tllo .turl'i\'al of the 
fiU('st, always int('ntly watching each slight alterntion 
ill the trnnsllorent layers; !'Iud cnrefully "resen'ing 
each whidl, under vnried cil'('umstnnecs, ill any way 
or in tilly degree, tends to produoo a di~tincter image. 
'Ye must BUPpoae each new state of the instrument 
to be multiplied by the million; CA('h to be Pl'C8erved 
until a better one is produced, and then the old ones 
to be all de«troyed. In lhing bodie.q , variation will 
cause thc slight aitemtiollll, gen('mtion will multiply 
them ahnoet infinitely, and naturnl selection will pick 
out with un('rring s.kill eneh improvement. Let this 
PfOC(!ll8 go on for millions of yca"; nnd during each 
yenr on millions of individuals of many kinds; Ilnd 
mny we not believe that 11 living opticnl instrument 
might tll\lS be formed as. superior to OtiC of glass. as. the 
works of tho Creator are to those of Illfln? 

© The Cc..,1o!ete Work of Charles Oarwll't_~ 
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Mode. of Tran.itiOft.. 
If it could be demonstrated that any complex organ 

existed, which could not possibly IIn1'O been formed by 
n111r.CfOU,\ 8uCCCflSive, slight modificAtiOIl~, my thoory 
would absolutely break down. But r can find out no 
mch case. No doubt manyorganl exil;t of which wo do 
not know tllC tmlllitional gradel, morc c~p{'Cinlly if we 
look to nllu:h·isoh.ted species, fOund whidl, uccording to 
the theory, there IUlIJ been much extinl'tion. Or again, 
ifwo take CUI orgnn common to all the members of a 
largo c1R88, for in this latter caso tho Orgnll must have 
00.'11 originally formed. at an extremely remote period, 
Iinee which all the many memben or tho dass have 
beo>n deH'!loped; and in order to discowr tho early 
tran~itional grades through which the orgon hlUl pAssed. 
we ~hould luwe to look to very ancient Rllce .. tral forms, 
long since becomo extinct. 

We should be cxtremoly cautious in concluding that 
an organ could not hll\'o been fomwd by transitional 
gradations of some kind. Nllmerous CfISC! could be 
gifcn Rmongst the lower animnls of tho 86mo organ 
perfonning at tho same timo wholly distinct functions; 
tbua th(' alimentary canal respires, digests, lind excretes 
in th(l larn .. of tho dm.,"On-6.yand in the fi~h CoLites. 
In the J I ydm, the animal may be tunlro inside out, 
and the ('xlerior SUrfllce will then digest and the stomach 
n-<pire. JI\ such CIl8CS natuml scledion might spe
ciali,...., ir any ndvnnttlge were thus gained, the wholo or 
put of an organ, which had pre\'iously pcrfonned. two 
I'ttnctions, for one function alone. and thull by inscnsible 
ItI>pI greatly change its nature. JI,[any plants nre 
bown whirh regularly produce at tho 861110 timo dif. 
ferently con~tnlcted 6.owen j nnd if Buch plantA were to 
prolooe one kind alone. a great chango woul(1 in some 

Q 2 
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C1l8('tl ~ effected in the eoorncter of the specie:!. It 
enn also be shown thst the production of the two 
!lOris of flowers by the same plaut has been effected by 
finely grndnAtcd llteps. .Agnjll, two distinct organs in. 
tile same indh'idual may simultaneously perform the 
Mmo fundion, and tllis is A highly imporlnllt mcans of 
transition: to giyc ouo instance,-thero nre !ish with 
gi lls or brflnc:hiro that oreathc the nil' dis.'lOlvoU in the 
water, I\t tho same time that tJUlY lorcathe froo air in 
their Bwimbladders, this latter organ being divide<l by 
highly YlllICUlar pnrtitions, and having a ductus Imeu· 
maliclls {or the snplliy of air. 'I'oginl llllother instance 
from the "l'g(!taUIe kingdom: Illanl.8 climb by three 
di.,tinct means, by spirally twining, by clasping n SliP-
port with their sen!litiYe tendrils, and by the emission 
of aeriAl rootlets; these three means lire u~\Ially found 
ill (lislinct groul~ but !!Orne fell' Il\lInu exhibit two of 
t he means, or even all three, combined in the same 
individual. I n all such eases 0110 of the t wo organs for 
performing the same fUllct ion might bo modified and 
perfeded 80 as to perform nil the work, being aided 
during tho llrogross of modification by the other organ; 
ann thell this other organ might be modified ror some 
othef nll(l quite distinct pnrpose, Of be whollyoblite
rated. 

The illustration of the swimbladder in Ilailes is a good 
one, becausc it shows us clearly the highly illlportant 
{nct that all organ originnlly oonstrllcted for one pur
pose. Illlm(>ly flotation, mny be com'erled into one for a 
widely different purpose, J18lllciy mpiratioll. The 
swimblad.der llll~, nl80, been worked in (19 an accessory 
to the auditory organs of ccrtaiu fish. All physiologists 
oomit that the swimbladder is homologous, or " ideally 
similar" in position sud Btnleture with the IUllgB of the 
higher vertebrate animals: hence tbere is no reason to-

The L Jm lete Work of Charle~ Darwin 0 
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dllllbt thnt the swimblllddcr hRS actllally been OOIl"crted 
into lun~'II, or nn organ used cxclusively (or re-:pirntiou, 

,-\ccording 10 this "iew it may be iuferrod tllnt all 
,ertebrnte animals with truo lungs hnve descended by 
onlinary generntioll from an nncient and unknown I)ro
ootype, which was funlished with a /looting apparatus 
or slI"imblnJdcr, " '0 can thus, as 1 infcr from Owcn's 
intcrelting description of these parts, understund tho 
I<trongc fnct that every particlo of food Mid drink which 
we SWIlliow hM to I:>MII over tho orifioo of the trachea, 
lIith 801I1e risk offnllillg inlo the lung.<, notwithstanding 
the Uroutiful (.'OlItri"alloo by which thl' f.!:loltis is c10ged, 

In the highcr Yertcbrnta the branchiro hnnl wholly dis
appeared-but ill the embryo tho slits on the sides of 
tbe neck IInti the loop-like course of the nrteries still 
mark their former IXlSitiolJ, But it is collCt!i\-sble that 
th(\ now \IUcrly lost bmnchiro might 11II.\'e been gradn
all y worked in by natural selection for SOUlO distinct 
purpose: for iUBtance, the branchiro alld dorsal scales 
of .\ Ilnclids nro believed to be homologous with the 
wings ami wing.co,'crs of insects, and it is not illl
probable that with ollr existing in8OCts, organs, which 
at all ancient period son'oo for rCBllimtion, Ilave actually 
bcffi('()Il\'crt('(\ into organs of flight. 

In considering transitions of organlJ, it is 80 important 
to beflr in mind the !lrobability of eonl'efliioll from one 
fnn,'tion to anotller, that I will gi'-o another instance, 
P .. '(\nll('ulatcd cirripedcs IlIn'e two minute folds of skin, 
ealled by IIIC the o"ige-rota frena, "hich son'e, through 
the mrnnilofn sticky secretion, to retain the cggs unti l 
lbcy nn' hatched within the suck, These cirripo{\cs 
have Ill) bronchia!, the whole surface of the body nud of 
' he suck, tog<'thcr with the small {rella, 8OrI'ing for 
l'N1)i ration, 't'he Bnlrlllidro or 8CSI!ile cirripooes, 011 tile 
tither baud, have 110 o"igerolls frena, the eggs lying 
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loose nt tIle bottom of the sack, within tile well~llcloscd 
allell j bllt Ihey ha,'e, in the same re1atil'e posilion witll 
tho frena, large, much-folded membranes, which freely 
communicate with the circulatory incume of the sack 
and body, and which havebeenCOllsidercd to be brauchiro 
by Prof. Owen and by all other naturnli~ts who have 
treutod on tho subject. Now I think no one will dispute 
that the ovigerous frena in tllO one familyaro strictly 
homologous with tho brauchiro of the otller family; 
indeed, they grnduate into cach other. Therefore it 
nero not be donhted that the two littlo folds of skin. 
which originn.lly sen'ed as ovigerous frena, bnt which, 
likewise. \'ery slightly aid in the act of respiration, ha"e 
been gradually com'erted by natural sclection into 
brnuchilC, siUlply throngh an increase in their si:ro and 
the oblitemtion of their adhesivo glands. If nIl pedun
culated eirripoocs had become extinct, and they have 
alrcady suffered far more extinction than have scssile 
cirripcdc~, who would Ol'er lliwe imagined that the 
brnnehiro in this latter f,unily had originally existed as 
orgnns for prc\'cntillg the 0\"0. from being washed out of 
tho 8a\;k? 

8}1UUU Diffiroltia of t1~ Theory oj Natural 
&/«tion, 

Although we must be extremely cautioWl in con
cluding thllt any organ could not ha,·o ~n Ilnxiuced 
by SUCCe&iH~ trnnsitional gradations, yilt undoubtedly 
serious e3ses of difficulty ocenr, acmo of wjlich will be 
discu.ssed in my fllture work. 

Ono of tllO most serious is tllIlt of 11 outer insects, 
which aro often differently constructed from either the 
JUales or fertilo females; but thi9 ellBe will be treated 
of in tho next eh9pier, Tho elcctric Org&Wl of fishes 
olTer another case of special dilTi('uity; for it u im_ 
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~ib[e to oonce.h·e by what steps these l\'ondrous orgnns 
have been IlroducOO. As Owen hIlS remarked, there is 
much Ilnalogy between them aod ordinary mUIICies, in 
their manuel' of action, in the influenoo Oil them of the 
nervous power and of stimulanu such us strychnine, 
and us some believo in their intimate structure. We 
do not Cl'CIl know of whatuso these organs arc; though 
in the GymllOtus and i'orpcdo thoy no doubt Bervo us 
powerful means of defence and perhap8 for securing 
prey; yet iu tho Hay an analogous organ in the tail, 
e'en wIlen greatly irritated, manifests, aa lntely observed 
by Matteucci, but little electricity; 80 little that it can 
hardly be of use for such purp<lliC& Moreover, in tlw 
Ray, besides tllo organ just referred to, there is, as Dr. 
H. lPDonnell has mown, another orgnn near the hend, 
not known to be electrical, but which £lPI)ears to be the 
reeJ. homologuo of the electric oottery ill the torpedo. 
Lastly, fIB we know nothing about tho Iincal progenitors 
or these flshce, it must be admitted that we nrc too 
ignorant to bo cnabled to affirm that no trausitions aro 
possiblc, through which tho cloctric organ8 might have 
heeu de,·eloped. 

Thc;;e &lme orgaua at first appear to offer another 
and far moro serious difficulty; for they oocur ill about 
a dozen kindil of flsh, of which Be\'crol oro widely remote 
in their afllnitics. GenernlIy when the MUle Orgnll is 
buDd in se\'eral members of the same e1a!!8, especially 
if in members having ,·ery different habits of life, wo 
may attribute its presence to inheritance from a common 
ancestor; and il8 absence in IIOme or the members to 
ioII through disuse or natural selection, So tllllt, if tho 
e1ectric organs hud boon inherited from ~me one ancient 
progenitor, we might have eXI)6Cted thnt all cloctric 
Iabea would ha,'e been specially rclai.OO to oo.ch other; 
bat this is far from the case. Nor dOOo) geology at all 
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10000d to 1110 belief that most fishes formerly I~ 
electric 0TWiDI, which thei r modified deiK'Cndanta have 
now lOEOt. Hut when we look at tho subject more doeely, 
wo find in the 8e\'eml fiilhes provided with clcptric orgarus 
that th(1JC arc si tuated ill different par1il of the body,
that they differ in construction, as in the nrrnngement 
of tho pIMOS, and, nccordiug to l)acini, ill tho prl)(,ess or 
means by which tho electricity is excited-and lastly, 
in tho roqui~ito nervous power being supplied through 
difrorent ner\'cs from widely different IiOUI'CC8, and this 
is perhaps the lll08t important of flll tho differences. 
Hence ill the &everal remotely allied fidiCfl furn ished 
with electric orgaD-'" these tannot be comlidered fI8 ho
mologoltS, but only as allalogous in funetiOD, Conse
quently there is no reason to AUppC18e that they have 
been inherited from a common llro~t'nitor; for hlUl this 
been the easc they would have dosely f('S('mblcd each 
other ill aU rC!\pecu, 'Ihm the greater difficulty dig.. 
app('al'S, Ira ring: only the l~r yet still great dim
(·nlty; nnmc1y, hy whnt brnlduated steps tllmIC orgall8 
havo ari!jClI and been developed in eal'h BCpamte group 
offishOB. 

The luminous orgarus which occur only in a few 
iI18CCtS, belonging: to widely tlifferent fnmiliCfl and 
omen, and whieh are situated in different pam of the 
body, offer II. difficulty almost exactly Ilflrallei with 
that of the clCI'tricorgans. Othercasee (!Quid be gi\'en; 
for instanee in plants, the ,"cry ('lIrious contrinmce of 
a mass of pollcn· grains, borne on a foot·stnlk with an 
adhesive glanrl, is apparently tho snmo in Orchis and 
Asciepia8,-gcnerll almost ItS remote as is possible 
amongst /lowering II\ant8, I I) all such cascs of two 
811OCics, fur remon.'<.l from each otller in tile scale of 
orgnniAAtion, being furnished with similar anomalous 
organs, it ,bonld be observed thnt althongh the general 
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.p)ll'ftrnnce and fUllction of the organ may bo identi
('tI1l~' the !PIlle, yet BOrne fundamental difl'erelloo between 
t}wlll can always, or almost always,. be detected. I am 
inclined to belie\'e that, in the !;arno llllUUlpr as two 
mcn have sometimes independently llit on tho I18me 
in\'entioll, so uatllrnl tK!lcction, working for the good of 
each being lind IlIking adrantage of annlog<lUs \'l\ri3-
lions, hili somotimos modified in nOMI)" the SlIme way 
two organs in two distinct orgRnic beiug~, which owe 
but little of their slmctnte ill COUlmon to inheritance 
from a l'Ommon IJrogenitor. 

}'ritz lliillcr. in a remarkable work recently pub
li~lled. iJas investigated a nearly parnliel CRS(', in order 
to test tho "ieII'I advanced in thie '·oillmc. Se,'erai 
familiel of crustaceans include n few Ipecies which 
pct;s(.'!iS an air-brenlhillg appRrutuI,and are fitled to li,'e 
ont of the water. Til two of thcae familiel, which were 
mort' ('!OlJl'Cially examined by MUller, and wllich aro 
nearly related to eaeh other, the lpecies agree most 
doecly in nil important chnmctcrs; nnmely in their 
I!'IlSe-{>rg'an~, circulating system, in tho position of the 
tuRs of llflir with whidl their COmlJlex elomachl are 
lined, Anrl lustly in the whole structure of the water
breathing bmnchire, e'"en to tho miefOlColJicol hooks by 
wbkh they /lTe cleansed. Helice it might hal'e been 
opet'ted that Ihe equally importnut air-bret\thing ap
puatn~ Ifould ha\'c been the same in tho f01\" epeciel 
in both fiuuili<!ll "hich lil"e on the land; and tilisillight 
hal'l! ~n the 1lI0re confidently cxllC('ted by thoee wlLo 
believe in di"tinct creations; for why should thia on(>
app&mtu,\ gil'C'1l for the sarno ~pec illi purpose to thetK! 
ipeeies, ILfivo been made to (litrer, whilst fill the other 
important orglllli fire dosdy similflr or mther idenliool/ 

}'ritl: Muller argues thllt this dOlO similarity ill 80 
BaD,. poinu of structure must. in accordance with the 
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views advanced by me, be aooouuted for by inheritance 
from a oomlDOIl progenitor, But 88 the \"&$ majority 
of the spocies in the alxwe two families, as well as most 
crustaceans of all orders, are aqUAti(' ill their habit9, it 
is improbable in the highest degree, that their common 
llrogenitor should have boon adapted for breathing air. 
MUller was thus led carefully to emmine the appnl1l.tus 
in the air-breathiug species; and in ooch he found 
it to differ in 8Cvernl important poiut3. 118 ill the posi
tion of the orifices, in the lIlanuer in which they ate 
opened and closed, and in some acoossory detuils, Now 
such differences are intelligible, and might even llll.\"e 
booll anticipated, OD thesllppositiou that species belong
ing to distinct fnmilies had slowly become adapted to 
Ih'c more and more Ollt of water, and to breathe the air, 
For tlu;;JO species, from belonging to distinct families. 
would differ to n Cf"rtain extent, nnd in aceordanoo with 
the princillie that the nature of each ,-arintion depends 
on two factors, vi:!l. the nature of the Orga.lli~1U and that 
of the conditions, tile l'nriability of thcBO crwtacenna 
assuredly would not havo been e:uetly the samc. Con
sequently nntuml selection would have had dilTerent 
materiab or mriatioDll to work Oil, in order to arri"e at 
the same rnnetioual result; and the strueturCiJ thua 
Required would nlm06t nNle88ll.rily have differed. 00 
tho hypothesis of IK'paraw aet9 of ereation the whole 
elise remains unintdligible. 'l'he above line of argu
ment, as ad\"Unced by .Fritz Muller, seems to have had 
great weight in leading this distinguished naturalist to 
OOOCllt the vie .... -s maintained by me in this volume, 

111 the ge,'ernl cases ju~t diiJCnssed, we have seen that 
in beings more or 1088 remotely allied, the same elld it! 
gaioed aud the same function performed by organs in 
tlllpcnrance, though 1I0t in truth, clO8Cly similar. Bul 
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th" commou rolo ,throughout nature is that the same 
end u gaino<l, even sometimes in the co.se of beings 
closely rdated to each oilier, by tho Dl08t dh'ertlified 
means. Dow differently constructed. is tho featbered 
wing of u. bird and tho membralllx:overed wing of a 
bat with nil the digits largely developed.; (Iud still 
mOM eo tho four wings of a butterfly, tho two wing'S of 
s fly, (lnd tho two wings of a UcctIe, togctller with the 
el)tm. Bi l'alvo shells are made to open and shut, but 
Oil what a number of patterna is tIlO binge constroete<l. 
from th(' long row of neatly interlocking teeth in II 

Xueula to the siml)lo ligament of a j\[u86Cl! Seeds are 
disseminated by their lllinutenCS!<, _ by their capsule 
being con"erted into a light balloon·like eIlH:lo}l<',-by 
being embetlded in pull) or flesh, formed of the lU(l;t 

din'l1lC parts, (lnd rendered. lIut rit ioua, as wdl as con· 
8picuously coloured, so as to attract 81l(I be devoured by 
binb,_hy hal'ing hooks and grapnels of llIany kinds 
and iSCrmtcd awn!!, so as to adhero to tho fur of qua· 
dr\lJlcd~, - lind by being furnished with wings IIUlI 
plumcs, as difTol'Cnt in sllUI)O flS clegnnt in structure, 80 
all to Lc wafted by overy hrec7.c. I will gi\'o OIJO otber 
instanoo; for this snbject of the sarno end being gained 
by th(' mQ"t din'r:;jfied meallS well dcscr\'CS attention. 
Somo authore maintain that organic beings b6.\·o been 
formtod in mlllly ways for tho aako of mere variety, 
altno.;t liko toys :n a sholl, but such a ,'iew of llutUI'C is 
inrn:dible. With plants having separated 8('xet<, snd 
with tho;;o in which, though hennaphrodites, the pollen 
tloes not spontancously fall Oil tbo stigma, some nid is 
nece~ry for tlleir fertilisation. W ith sol'etal Jdnds 
thia is emx-tt><i by the pollcn.grains, which are light und 
incoherent, being blown by tho wind through mere 
chance on to tho ~tigma; and this is tho siml)lest plan 
. hidl can well be conreil·ed. An almOlltequnllysimplc, 



2:J(; D1FFICtlLT'n:s OF Tin; TIIEony 

though very different, plan OOC'l.IN in many plau!:s in 
which n symmetriCflI flower SOOfCt('8 a few droflS of 
Ile<:tar, and is consequently visited by inaeet8; lind 
thc8(\ ('i\rry the pollen from the antllCN to thc ~lismll. 

F'rorn this simple stage we may pMIl th rongh lUi in
c:than8tible number of contrivances, a ll fo~ tho SlIme 
pllfJ)I}8O nnd effected ill essentially tho sarno manner, 
but entailing cllllllgeS ill el'cry part of tho flower. Tho 
ncetar may be stored ill yariously shaped receptacles, 
with tho stamens and pistils modified in lIlany ways, 
sometimes forming tmp-like conlrivanC(!S. and some
tim('8 eapablo of Ileatly adapted Ino,·enu:'Ili8 through 
irritability or elasticity. }~rom such .structures we mll~· 
il(hllllce till "0 oomo to lIuch a {'a!le of cxtl1\Ordinary 
,tda(ltlltion as tbat Illtcly deeeribed by Dr. (''nlger in tlle 
C(lryallthCl!. 'fhis orchid lills l)IJrt of it3 Inbellum or 
lower lip hollowro out into a great buckl'l, inlo which 
drops of allllOl!t pure water continually fall from two 
secreting horns which stand abo,·o it; and when the 
bucket is half full, the watcr 0\"erflow8 by a SpOilt 011 
olle side. The basal part of the laoollurn sltlllds o\·er 
tIle llllC.kct, and is itself hollowed out into a 8(lrt of 
chamber with two lateral entrances; within this cham
ber thero are curious fleshy ridges. The moet inge
niOIlS llIan, if he had !lot witnessed whl\t takes IlIa!'('. 
oould IIc,·cr have imagined what purpose "U thcae parts 
8Cr,·c. nut Dr. Cru;:,'·er !'nW crowds of large humble
bees "jEiting the gigantic flowers of this orchid, not in 
ordcr to 811Ck nectar, but to guaw off the ridges within 
tho chamber above the bucket; in doing this tlwy 
frequently puslie(l cn.ch other illto tho bucket, nnd their 
wings being thus wetted they c~)\\ld 1I0t ily away, but 
ha(\ to erllwl out tilrough the IJasse.go forllled by Ihe 
SpOilt or overllo"·. Dr. Cruger BIlW a "continual p~ 
<:es$ion" of bees 111I\.i crawling out of thcir ilu·olnntary 
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bath. 'J1H~ pnssaf,'" is narrow, and is roofeu olcr by the 
('olulnn, BO thllt a bee, ill forcing' ita wily out, first rubs 
its Luck &e"'1lillst tho "iscid stigma and Ihcli aguinst the 
li.:;cid glan(l~ of tire pollell-m!'l..SlleS. 'l'ho pollclHu8.SSC8 
are thus glued to the ooek of that boo which fil1!t 
hUppl:llS to cmwl out through the passago of a lately 
cxp.-llIdod flolVer,lIml are thus carried aWlly. Dr, Cruger 
IlCHt mo a flolVer in spirits of wine, with rl. Ooe which he 
had killed beforo it had quito ('rtnlie<i out wilh II 

pollcu-Illnsa still fastened to its back, When tho bee, 
thus llrQlided, flies to another f1oll'cr, or to the 8lllIle 
OOlltr II. second time, and is pushed loy ita oomrndts 
into the bucket lIud thell crall'ls out by tho pa~lgf', 
the pollen-mass necessarily comes Ill'llt into contact 
"ith the I'i,;cid stigma, and adherctl to it, and the flower 
tiferlilLscd, Now at IlISt we soo the full use of el'ery 
part of the flower, of tho water-secreting hOMIS, of the 
bucket half full of water, which prew!llts the ooce frOlll 
Oying away and {orcea them to crawl out through the 
_pout, alld rub ugaill6t the properly lllaccd ,-jscid pollen
IlWSeS and I'iscid sLigllla. 

Tllo COllstruction of the flower in anothor closely 
allied on:hid, IIl1lllely the Catasetmn,is widely diflercni, 
though scrring the SAllie end; and is equally curious. 
&.~d I·i.~it these flowel'!l, like those of die u,ryalithClly 
iD order to gnaw thf labellum; ill doing tl;is they 
iDeritably touch a long, tapering, sensitilo projoctiOll, 
or, as I havo called it, the antcnna, Thi~ antenna, 
.hen tOllche<l, transmits a ilCliSAtion or vibration to II. 

Ol'rtain melllhmno which is instantly ruptured; this 
.eta freo (\ spl'ing by which the pollen-mass is 1I1Lot 
1Orth, liko (In arrow, ill the right dirt;!Ctioll,aud ndhl'rell 
by ita "illCid eJ:tromity to tile back of tho bee, The 
pollen-wfUill of a male plant is thus carried to tho flower 
01. femalo plant, where it is brought into oontact with 

____ --'~.~t W ri.ofCh 
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the stigma, which is viscid enough to break certain 
elastic threads, und retaining the pollen, fertilisation is 
effected. 

Row, it may be asked, in the foregoing and in innu
memble other instances, can we understand the gra
-duated sonle of complexity and the multifarious mean9 
for gaining the same end. 1'he answer no doubt is, as 
already remarked, that when two forms vary, which 
already differ from eneh other even in a slight degree, 
the variability will not be of the same exact nature, and 
conscquentlythe results obtained through natural selec
tion for the same general JlUrp060 will not be the same. 
We should also bear in mind that every highly do,·eloped 
organism has passed through a long oourse of modifica
tion; and tlmt each modified structure tends to be in
herited, so that it wilillot readily be wholly lost, but may 
be modified again and again. Rence the structUI"C of 
each paltor each spedes, for whatever purpose used, is the 
sum of the mallY inherited changes, through which that 
species lias passed during its succes~il'e adaptatioll'3 to 
ehan~d llabits and conditions of life. 

FinuHy then, altllOugh in many cases it is most 
difficult even to conjectuI"C by what transitions mall)' 
orgnns hayo ILrri\'(~d at their present state; yet, COll
sidcring how small tho proportion of liring f\lld known 
forms is to tho extinct and unknown, T hln-o been 
astonBhod how rarely an organ can be named, towards 
which no trallsitional grade is known to lead. It 
-certainly is true, that llew organs appearing as if 
spocially ereated for BOrne purpose, rnr~ly or Myer 
appear suddenly in any class; as indeed is shown by 
that old, bllt somewhat oxaggcrnted, canon in natural 
history of "Naturn non facit sn.Jtum." Wo meet with 
this admission in the writings of almost overyexperi
enced naturnlist; or as ~(ilne Edwards has weU e)ll.:pressed 

I W rk f ill s rwin nli" 
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it, Nature is prodigal in ,'ariety, but niggard ill inuoTa. 
tion. WIlY, on the theory of Creation, should tlJere be 
110 much vnriety and 80 little IIm'elty? Why should all 
tbo ]'111m nnd organs of many independent beings. ench 
supposed to l\tlve been separately ereated for its proper 
phlec in nnture, be 80 commonly linked together by 
graduated stcfI6? Why should not Nnturo take a 
sudden leap from structure to structure? On tile theory 
of natural selcetion, we call clearly \luderstnnd why she 
mould not; for natural selection ncts only by taking 
ad,'antage of slight successive "arintionBj she can never'" 
take n 8uddcn Icap, but must ad"ance by short and 
sore though slow steps. . 

Orpant of lillle apparelll Iml'orf<mu, M affecl«lInJ 
Natural&lecti01l. 

A!I natuml 9Clectioll acts by life nnd cleath,-by tho 
surviml of the tHtest, and by the destruction of the less 
well fitted indi"iduals,-I hal'e sometimes felt great 
difficulty in understnuding tbe origin or format ion of 
parts or littlo importance; almost !IS great, though of a 

::~l'~:~~~;to:\~,ns in tIle case or tho mOtlt perfect 

In tho first place, we are milch too ignorant in regard 
to the whole economy of anyone organic being, to say 
what alight modiH~tioD8 would be of importance or not. 
In a formcr chnl)ter I ha"e giWIl instances of very 
trilling charactcrll, such 88 the down on fruit and the 
colour of its fleah, the colour of the skin and hair of 
quadnll)C(i" which, (rom being eorrelnted with consti. 
tutionnl ditTcJ'('uccs or from dctcrmining the attncks o( 
insocts, might B81!uredly be acted on by !ll\tuml l!elec
tron. Tho tail of the giraffe looks like an artificially 
eonstrnctoo fly. flapper ; and it seems at first incredible 
that this conld havo been adapted (or ita present pur. 

ofr:h" r.~rwI ()Olio ... 
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,,08~ Ly succcMi,-c slight modificatiolUJ, COell better and 
better fitted, for so trifling 1111 object WI to drive away 
Jiics; yct we should pau;;c before being too positire 
ewm in this CUfK', for we knoll' that tho distribution and 
existence of Cflttle and other animals in &>nth America 
uhlolnlely depend 011 their power of resisting the attacks 
of insects: 80 that indiridllalil wllich could by any 
menns defend tllCrnseln,ls from these IImall cllcmies. 
wOldtl be able to rango into new pnslureB and thus gain 
a great. advantagc. It is 1I0t that the larger quadrupeds 
are actually de!itroyed (e1:ccpt in 80IllC raro cases) by 
flies, but they arc ineCS!!alltly ha~ and theirlitrcngtn 
reduced,80 111£1t they are more subject to disease, or nol 
SO well eunble<l ill a coming dcarth to scarch for food, 
or 10 cacape from beasls of ll rey. 

Organs noll' of trifling importance hal'o probably ill 
IIOme cases ~D of high importance to an early pro-
genitor, and, after lla\·ing been slowly prrfeclcd at a 
form(lr period, have been translllitted to existing species 
in nearly the same state, although now of very slight usc; 
but auy actually injurious deviations in their structure 
will of eourse 1111.\-e been checked by natnral selection. 
Seeiug how imporlallt an organ of locomotion the tail 
is ill m06t aquatic animals, its general IlfCSCllOO and use 
for many rJlllrpo!lCS ill so many laud animals, which in 
their lun~ or modified swimbladderll betmy tlleir 
aquatic origiu, may perhapil be thus acoountcd for. A 
wcll-den!loped tail having been fonned in lin aquatic 
animal, it might 8ubseqIlCUtl~· como to be worked in for 
nil sorls of ]lUrposcs, as a f1y.flupper, lUI orgall of pre
hension, or as an aid ill turniug, as ,lilh the dog, 
tl,ough the aid in Ihis latter respect must be sl ight, fOf 

tho hare, with hardly fluy tai l, can double quickly 
enough. 

In tho llCCOnd pill.('!', we may sometimes wrongly 



attriuuto importanoo to chnractel1l Ilhich hafO ori
ginall'<1 from quito secondaryea1l-' independently of 
natuml selootion, \ro should remember that climate, 
food, (~C,' I)rooobly 11I,,'e had some, perhaps a con
.ideruble, direct influence on tho orgnniSlitioll; that 
charncters reappear from the law of ro,'ersion; that 
CQrrclation is nn important clement of chango; and 
fiuRlly, that 8('.xllal selection has oftcn largely modi
fied tho extcrnal rharocters of the higher animnb, 
80 fI.8 to giyo orw malo all advantage in fighting with 
other males, Of ill charming Ole female; and ehamc
tel'S gained through 8Cxual selection may be !mIlS

mitted to both sexes. )JoTe(ll'er 1\ modification. caused 
in any of the abore specified ways. IlIIly at first lulYO 
betn of no direct ad\'ll.utago to a specica. but DIay 
-ubscquendy hare been takcn adl'Rntago of by its 
t1."I('Cndnnts under new conditions of lifo and newly 
8C(juired IlIl.bits, 

If, fur jn~tallcc, grooll woodpeckers alono had existed, 
and we did not know tllat there WeTO Ulany ulaek !lnd 
I'iod kinds, I dare F>Ry that wo should havo thought 
tbat tile b'TCCll oolollr was ~ beautiful adaptation to 
bi.I,> this trre-fn'.'quenting bini from iIM ellemi('8; and 
con"~]llcntly that it was n. character of importance 
Rn,l h,I.(1 lIN-II Rcquired through llntuml selection; i\!I 

it i~. UI6 C<liour ill IJrQoobly in chief pnrt dU6 to 
M':lunlll('iectiuli. .-\. tmiullg palm in tho ):£alIlY Archi. 
pdago climbs th6 loftiest trees by the aid of ex
qui<itciy oon~tructed llooks c1ustereJ around tile ends 
(If the bmnch('~, and this contrivance, no doubt, is of 
the highest 8errico to the plant j bllt 118 w(} sco nearly 
limiiar hooks 011 many trees which nrc not dimbcTl!!, 
&lid \\J,idl th('re is reason to believe from th(' distribu
tion of tho thonl-Jx.aring ii)Je('i('s in Africa and South 
A.m<-rica, /iCrl'cg till n. defence against browsing quad-

n 
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rupeds, 110 the hooks 011 the IJOlm Illay first IlIn'e been 
d~wcloped for this object. and subsequently been tnkeu 
adl"lUlt.agc of by the plant as it underwent further 
modification and became a dillloor, The naked skin 
on tho llood of R vulture i5 generally oousidercd 88 II. 

diroct adAptation (or wallowing ill putridity; alld I!O it 
may be, or it may l)()SSibly be duo to tho direct action 
of putrid mnttcr; but wo should be "ory calltiolls ill 
dl'llll'ing any slich inference, wIlen \\'0 see tllAt the skill 
on tho head of the clean-feeding mulo '1'urkey is likl.'
willC naked, '1'h(' sutures in tho skulls of young mlUD
mals hanl OCoen advllnC«i 88 II beautiful adaptation for 
aiding parturition, and no doubt th"y r"cilitat(', or may 
be indispcnsabl(' for this act; out as rntnres occur ill 
tho skulls of young birds and reptilcs, which ha,'o ouly 
to C:8('1lp<' from a broken egg, we may infcr that this 
Itrncturi' h88 ariscn from th(' lillI'S of groWtll, and 1188 
been w.k(ln ad\'llilluge of in tho pnrluritionof tho higher 
animals, 

Wo aro Jlrofoundly ignornnt of tho caul;O of caell 
slight variation or individual difference i and we are 
immediately made conscious of thi.,; by reflecting 011 
tllO differeuces in tho breeds of our domesticated 
animals in different oountries,-Illore especially in the 
1M! eil'ilised countries whem there hall ~n but little 
methodical selection. Animals kept by savages in 
different couutries often have to struggle for their 
own subs:i~tence, and are exposed 10 Il certain e:dcnt 
to natuml selection, and inw,-iduais with slighUy dif
ferent colllltitutions 1I01lid rncceed best uud(:r different 
climates. A good obsencr sw.te8 tlmt in catOe aus
cclltibility to the attacks of flies is correlated wi th 
colour, as is thc liability to be poisoned by certain 
Il lnnt8; 80 that cYon colour would bo thus subjected 10 
the action of natural selection, Other Obecf\'elS are 
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ron,.jnced that a daml) climate affocta tho growth of the 
hair, and that with the hair tho horns aro correlated. 
)fountaill broodsal""aysdiffer from lowland brcOOs; and 
• mountainous conntry would probably affect the hind 
limbs from cx£!rcising them more, and possibly even 
the (onn of the peh-is; and then by the law of hom<r 
IogoU8 \'ario.tioll, the frollt limbs and tho Iwad would 
probably 00 affreted. The shape, also, of tho pelvis 
might afft.'Ct. hy l)resBnnl the shaJlC of ccrwin purls of 
the young in tho womb. The laOOriOll.8 breathing 
~y ill high regions would, wo ha\'e reason to 
believo, iucrclUlO the size of tho chest; and again corre
lation would comf' into play, The cffocta 011 tho whole 
organi:!ation of i('SSelloo exercise together with abundant 
bld is probably still more important; and this, WIlL 
too. Xathu8ius hM latoly sho\\:n in his excellent 'froa
cUe, is apparently OM chief causo of tho great modifi· 
cation which tho breeds of swiM h(l,\'o undergono. liut 
1JO aro fllr too igllomnt to speculato on tILe relativo 
importallco of the so"ernl known nnd unknown causes 
rI Tariation; and I ha\'o mado thcso remark! only to 
.Low that, if wo arc unable to account for the cliarao
IerUtic diffcrencee of our domOiltie brcedi\ which UOW!r
&bt>Lsa are generally admitted to ha\'e ariSen through 
ordinary generatioll from olle or a fuw pnrent-stocks, 
.e ought not to lay too much stress 011 our ignorance 
rI the preciso cause of the slight analogous differences 
Lehrern specics. I might have adducOO. for this same 
pvpoee the diffcrences bctWcell tho races of man, 
_b.ich are 80 strongly marked; I may adtl that some 
light C4n apparently be tllfown on tlwso differenccs, 
through sexual sclretion of a pnrticular kind, but 
without entering ou full details my reasoning would 
appearfri,"oloU8. 

.2 
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I.;Witarian-Dociri'lld mJlDjar trlu: Beq,lUy IlOw acquired, 
'1'he foregoing remarks lcad mo to say a few words 

on tllO protest lately mndo by some naturalists,agailL'lt 
tho utilitaria.n doctrine that every detail of structure 
hag been produced for tho good of its po88CS!IOr, They 
believe that mally StnlctUre8 ha,'e been created for 
beauty in the eycs of man, or, IlB already discussed, 
for tho sake of mcre ,'ariet)', Such doctrines, if truc, 
would be absolutely fntal to my thoory, Yet I fully 
admit that many slnlCtul'C8 are now of no direct lISO to 
their 1)()llSC88()r8, nnd 1Il!ly never bayo becn of any IlSO 

to their progenitors, No doubt, as recently remarked, 
the definite action of changed condition!!, correlated 
"ariation, and te,'craion ha,'C all pro<iul'f'(l their effecls. 
But tho most important loonsidcration is that tho chief 
part of the organisation of c'fery li"ing ereo.ture is 
simply dno to illileritan('C; and co~\lently, though 
cach 1lS8\lre<.lly is well filteel for its plnco in nature, 
mallY structures now havo no direct relation to existing 
habits of life, 'l'hus, we can hanlly belio,'o that the 
wobbed. feet of the uplaml goose or of the frigate-bird 
are of special liS(' to these birds; wo CMUlot bclic'fe 
tlUl.t tho similar bon!.'fl in the ann of the monke,', in 
the fot'('-leg of tho horse, ill the wing of tho bat,' Rnd 
in tho f1ipl~r of tho !!Cal, /lre of BIKlCial use to these 
nnimals, Wo Illay I!Ilfcly attribute these strnclufCS to 
inheritance, But to tho progenitor of the upland go<l9O 

and of the frigate-bird, webbed feet no donut were III 
useful ag they 110'" are to the moat aqUAtic of li'fing 
hims. So we may bclic\'e that tIle progenitor of the 
!leal did not possess n flipper, but a foot with fl,\'! toes 
titted for walking or grasping; and wo may further 
"onture to believe that the several OOllCIJ in the limbs 
of tho monkey, hOnIC, I1mI bat., which hnvo been io-

Ii: The ComDleta No .. k.;.f Charles Darwin Ow. 
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herited from aome ancient progenitor, were formerly of 
roore special use thall they 11011' are to theao animals 
_ itll their widely di"crsifie<i hahits, and might conse
quently ha,'o been Illodified througll uaturnl selection. 
Making due IllJowanco for tho definite nction of changed 
conditions, correlation, t(wcrsion, &c., we may conclude 
that e"ery detail of structure in cver~' living creature is 
either now or was formerly of nse,-d irectly or indirectly 
through tile complex laws of growth. 

Wilh respect to tho belief that orgnnie beings htllO 
been erMtoo benutiful for tho delight of man,-n yiew 
_hieh it has been llrolloullce<l mny safely be acceplc<1 
.. true, and as Sllbn~rsi,'O of my wholo thoory,-I llIay 
first remark that tho i,lca of tho beauty of any object 
obvioualy depends 011 the mind of man, irrespective of 
Illy veal quality in the oomircd object; and that the> 
idea is not an innato find utlfiltcrnhlL· clcment ill tile 
mind. We 800 this in men of different races admiring 
an entirely different st.llndard of beauty ill their women; 
neitber the X egro nor tho Chinese a(lmires the Cnuca
Nan beau-ideal. The idea alllO of Ilicturesque beaut~· in 
teenery IlIiS arisen only .... "ithin modern times. Ou tho 
view or beautiful objects h8\'ing been creatcd for man's 
grati6catioll, iL ought to be t!ilo"'u that there Wflll 1M 
beauty on tho faco or the earth before mall appeared 
than since he came on the stage. Wero the beautiful 
mute alld coile shells of tllo Eoc~ne epoch, and the 
~flllly sculptured ammouitcs of the &x.-ondary 
perioJ, created that man might ages afterwards admire 
them in his cabiuet? }'ew objecb are more beautiful 
tht.n the minute siliccouseascsofthediatomaccm: wero 
tbeee created that they might be examined and ndmired 
under Ihe higher po....-era of ihe microscope? Tho 
beauty in this latter CIl9C, and in many others, is oppu
rendy wholly due to s~'mmetrr of growth. FioweN< 
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ronk amongst the most beautiful productions of nature ; 
and tbey ha"e become through natural selection beau
tiful, or rotiu:!r conspicuous in ooutrast with the green 
leaves, that they might easily be observed and visited 
by insects, so that their fertilisation might be favoured. 
] ha,'O como to this conciusion from finding it an 
invariablo rulo that wben a flower is ferti lised by tho 
wind it novcr has a gaily-oolourOO corolla, Again, 
sc\'nral plants habitually produce two kinds of flowers; 
one kind open and coloured 80 as to attrnct insects; 
tllo other clO8Cd and not coloured, d('lltitutc of nectar, 
and ncver \'isitcd by insects. Hence wo may concl ude 
tliat, if insects had ne.er existed On the faco of the 
earth, tho \'egctation would not ha\'o been decked with 
beautiful Dowers, but would have produced only such 
poor Dowers as we now see on ollr fi"" oaks. nut nnd 
ash tf(l('8, on grasses, spinach, doek~, and ncttles, A 
similar lino of argument holds good with the many 
kinds of beautiful fruits; that a ripe strawberry or 
cherry i~ as III easing to tho eye as to the palate, that 
tho gaily-colollred fruit of tho s}lindl(l-wood trcc and 
tile scarlet berries of the holly arc beautiful objects. 
will be admitted by erery OllC, But this beautyservCI!J 
merely ns a guido to birds and beasts, that the fruit 
may be dc\'ourcd aud the manured seeds tbus dis
lJ('minatcd: I infer that this is the case from having 88 
yet found in e"ery instance that seeds, which are 
embedded within a fruit of any kind, that is within a 
fleshy or pulpy envelope, if it be coloured of any 
brilliant tint, or merely rendered collspicuous by being 
white or black, are always disseminated by being firat 
devoured, 

On tllO oth£'r hand, I willingly admit tll8t a great 
number of male animals, as all our most gorgooWl 
birds, some fisbes, SOlDO mammals, and a host of 

It) The ComoJete Work of Charle5 Darw... OnlIne 
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magnificently coloured butterflies and IlOme othcr 
insects. ha,'O been rendered beantiful for beauty's sake; 
bot this IUIlI been effected not for the delight of man, 
but through sexual selection, that is from tho more 
bt>autiful males baYing been oontinually preferred by 
their less ornamented females. So it is with the mnsic 
of Linls. We may infer from all tliis thnt a similar 
taste for Lcnlltiful colours and for musical sonnds rUlla 
through i\ large part of the animal kingdom. When 
the fe-malo il\,.tu! beautifully coloured as tlie male, wllich 
iJ'not mrely tlw ease ~ilh binli! al'd butterHies, tbo 
cause simply lies in the colours acqnired through sexual 
.. la-lion having been transmitted 10 both sexes, instelld 
of to the males aIOM. In somo instanct'!<, however, tho 
acquirement of oonsllictlous oolonrs by tho fcmalo may 
ha,'o been checked through natural 8C'lectioD,OIl ac
count of tbe danger to which she would thus ha\'e been 
"l:poscd during ineubntion. 

Xatural lICleetion cannot possibly produce any modi
Krotion in any 0110 apccies ~clusi\'ely for tho good of 
another species; though throughout nature one species 
inoer;snlltly takes ad\'lllltage of, and proStIl by, the struc
ture of olheN. But llatuml selection can and does 
often llroduco structures for tho direct injury of other 
animals, lUI we see in the fang of the addor, and in tho 
oTipositor of the ichneumon, by which its eggs are depo
sited in tho living bodies of other inscetll. If it could 
be proved that ally part of the structnre of anyone 
tpecies 1100 been formed for the e:xcll15ivo good of an
other species, it would annihilate my thoory, for such 
could not have been llroduced throllghnntuml selection . 
. \lthough mnny statements may be found in works on 
natural history to this effect, I cannot filld even one 
-.bich !<eCIUS to mo of auy weight. It is admitted that 
the raUleeno.ko htu! a poison.fang for itll own defenoo 
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and for the dCl'tniction of its I,rey; but some autllOr8 
suppose that nt tIle snme timo this snnke is furnished 
wilh a rattle for its own injury. namely. 10 warn its 
prey to escape. J would alm08t as SOOIl belien~ that tIle 
eat eurls the end of its tail .... hell prepariug to s-pring, 
in order to warn the doomed. mouse. But I hln'e lIot 
space hero to enter 011 tllis ami olher sl1ch cail('i'. 

Natural selootion will llever produce in !\ beillg any
thillg injuriolls to itself. for Ilntuml selection acts solely 
by Rnd for tbo good of each. No organ will 00 formed, 
as Paley bas remarked. for tho )lul"fM)8e of causing IJIlin 
or for doing an injury to its po8!IC8iIOr. If a fair bnlance 
be stmck between the good and evil caused by each 
IJIlrt, eacll will be found on tho whole advantageous. 
After the lllp80 of time, under clmnging conditions of 
life. if flny part comes to be injurious, it will be Illodi~ 

fied; or if it be 1I0t 80. the being will become extinct, 
lUI myriadl IlIl.I"e heeonlc edinet. 

Natural aro\C<'tion tends only to make each orgnllie 
being as perfect lIS, or slightly mor~ perfC<'t than, the 
other inhabitants of the snmo country with which it 
has to slM1;!glo for eX~l1('('. And we S('e that this 
is the degree of lK!rfection aUainro uuder nature. 'Juo 
endemic prodll('tio!ls or New Z(,fllnnd, for instanC<',1l1"f' 
perfect one compa.red with allother; bllt they lire !lOW 
rapidly yielding beforo the Ildl'fln<:ing legions of Illf\llt~ 
and animals introduced from Europe. Natural scle<:tiou 
will not produce absolute perfection. nor do wo always 
meet., lIS far as we CIIU judge. wilh this high slanclard 
nnder nature. The corredion for the aberraiiou or ligllt 
is l18id by Muller not to be perfect e\'en iu that most 
perreet orgjlll, the human oye. If our reason lends us 
to admire with enthu.siaStll a Illultitude or inimitable 
contrivances in nature, this snme tCtlaOn tells liS, though 
wo may easily err Oil botll sidCl, that !lOme other con-
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,"'llUcee lire lese: perfect. Can we colliider the stillS 
of the bee flS perfect, l\-ilieh, ,,·hcn u8(!(1 llg1l.iust nl1UlY 
attacking animals, (1l,Ullot be withdrnwll, oIling to the 
bat'kwnrd 8errnturt'8, and so inc,·itllbly causes the dcnth 
of the insect by tearing out its ,.isccm ? 

If we look lit tho sting of the bee, flS hll\'illg origin. 
ally cxi~ted in 0. remote llrogenitor flS 0. boring and 
IlelTll.tcd instrument, like tlmt in 80 mallY members of 
liIe samo great order, and which has been modified but 
Dot perfocted for its llrc5ent purpose, with tilo poison 
originally adapled for some other IlUrpoIIC, sucb flS to 
rrodllC'C golls, Imbsoqllently intensilled, we l'Illl perhaps 
understalld hOIl' it ill that the usc of the sting 8hould 90 
otten cause the insect's own death: for if on the whole 
lilt· poller of ~tinging be uscful tothe social oommunity. 
it ",ill fullll all Ihe requiremelli3 of Ilatuml selct:tioll, 
tbough it mny cause the death of !lOme (('II' members. 
If we ndmire tho truly wonderful pemer of 8Cellt by 
which tho males of many insects find their rOlllale~, cun 
we III\mire the production for this linglo purpoi>O of 
U.otNlllds of drones, wrieh afe 11t1edy uS('icss to the 
WlUlllllnity for ally other pUrpose,lIud which arc ulti
mlltcly slaughtered Ly their industrious and sterilo 
.i-<tI'N? It may lie difficult, Lilt WI' ou~lJt to n(\miw 
th., 8a\ngo instincti"e hatred of the quC<'n-bcc. which 
urgt:;> her to dl'Stroy the yOUllg queens her daughters a.lI 

lOOn Il.S born, or to perish herself in tho combat; for 
undoubtedly this is for the good of tho community; 
aDd mut(-'rnalloY6 or maternal hntred, though the latter 
~rtunate[y is m06t rore, is all the IInmo to tho in
Rorable Ilrineiplo of naturol I!(-'Ie<:tion. If \Ie a,lmirQ 
the 86\'ernl ingenious contrivances, by widell orchids 
and mnlly other plants are fertilised throngh insect 
llgen"y, can 110 consider as equally perfeet tho elabora
tion of delllSC clouds of pollen Ly our flr.treos, 80 that a 
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fcw grnnulcs may bo warted by 0. chance brrozo 011 to 
the ovnlcs? 

Sl'm'fMry ." 1M Law of Unity'of Type and oj Il~ 0011-

ditiOIll oj EziaiewtJ embraced bl) 1M. Theory oj N4/.ural 
&1«110"', 

We Ilave in this chapter di!ICussOO some of the diffi
culties nnd objoctiolls which lIIay be urged tI~(\i n~t the 
tlleory. Many of them arc &eriolls; but I think that in 
the dilJeussion light has been thrown on sevcrnl facts, 
which on the belief of iudependcnt acta of cr<'ation arc 
utterly obscure. 'Ve bM'e seell that 81lccics nt any olle 
period arc not indefinitely variable, 8n(\ are not linked 
together by tI multitnde of intennediate gmdnt ions, 
partly beca.uee tllo process of natural Be-taction will 
always bo very slow, aud will act, nt tiDy one time, 
only on a few forllls; and ptirlly becauJIe tho very 
process of natuml selectioll implies tho continual sup
planting and extinction of preceding nn(1 intcrmediate 
gmdations. CIOIICly allied species, IiOW living on a con· 
tinnou! area, must often bln-e been formed whcm tile 
area was not rontinnollll, and when the comiitiona of 
life did not insensibly grndllate away from ono part 
to tlnother. " 'hell two varieties nro formed in tlfO dis
tricts of a continnOIl3 arca, an intermediate "anety will 
often be formed, fitted for an intermediate zone; but 
from reasons nsaigned, tho intermediate mriety will 
usually exist in lesser numbers than thc two fonnl 
whieh it connects; consequcntly the two latter, dnnng 
the collrse of further modification, from ('xisting in 
greater lillmbcrs, will hll\'o 0. great ad\'nntngo o .... er the 
less lIumeroll8 intermediate Yanety, and will thlls gene
rally succeed in aUllplanting nnd exterminatiug it. 

We luwo seen in this e1ulllter how ClIlltions we should 
be in concluding that tile m08t different habits of life 
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could not graduato into each other; Ulat a oot, for 
instanco,oould not have been fonned by natural selec
tion from nn animal which at first oould only gl ide 
through tho air. 

We have seen that a species may under new concli
tions of life change its babits, or have di,crsi6ed 
babit.,o, wilh BOrne W!ry unlike those of itil lleal'est con
gellcrs. Helice we can understand, bearing in mind 
that each organic being is trying to live whcrel'er it 
''nn live, how it has arisen that thero aro upland geese 
,.-jtb webbed foot, grollnd woodpeckers, di"ing tllMl!lIIC;!, 
and petrds with the habits of nuks. 

Although tho belief thnt an orgnn eo perfect as tho 
(lye could bavo been form('(1 by natuml selectiou, is 
more than enough to stagger anyone; yet in tllo CfISO 

of any organ, if wo know of n long series ef gradations 
in complexity, each good for its po;!IIOSl!Or, then, under 
changing conditions of life, tllere is no logical impossi
bility in tho acquirement of any ooncch'able degree of 
perfection through natural selection. In tile caSCll in 
.. hieh we know of no intermooialo or trilll8-itional states, 
.. e should be ,-ery coutious in concluding that noue hove 
exisW, for the homologies of many organs and their 
intermediate statCfl show what wonderful mctalllorph0SC8 
in function are at least po8Sible, For instance, a swim
h1Addl'r hll8 .apparently been oonverted into an air.
Lreatlling lung. The sarno Orgt\l\ having performed 
aimnltanoously very different functions, anel then having 
Le.,u in )lIut or in whole spooialiflOd for one function; 
and two dititinct orgaus having perfonnoo at the sarno 
time the same function, the ono haying been perfected 
.. bilst aid<!d by tho other, must often have largely f£lei
litatedtmnsitious. 

We hal"O seen in t\\-O beings widely remote from each 
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other in Iho nnlural _Ie, that 8n orgnn flCr,-ing in both 
for tho lllUnc !lurpotiO amI appenring dOllCly similar may 
hlwo l>cen separately and independently fonned; bnt 
when sllclL organs are closely examined. eSll('ntial dilT~r
euCe8 in their s!nlctmc can nllllOHt always be detecte<:l; 
and this IlntuI'lIlly follol1'g from tll O principlo of naturnl 
selection. On tho othcr imud, tllo commou nl10 through
out Ilaturo is infinito divcrsity of structuro for gaining 
tho SIUno end; and this again nnturnlly follows on tho 
Mille grcat llrinciple. 

In 111111081 c\'ery ease wc are far too ignornnt to be 
enabled to a&'<Crt that any part or organ is 110 unim
portant for tho welfare of a species, that modifications 
ill its stnlctum could 1I0t ha\'c been slowly aCCllmulated 
by means of nntuml selection. But we Inay confidently 
beli(we that mallY modifications, wholly due 10 the lawil 
of growth, und at first in no way nd\-alllagcous to n 
speciC8, luwe been subsequently taken advantagc of by 
the still further modified descendnnt!! of this s»ociCl!. 
We lIIay, alllO, bclioye that a Ilart formerly of high im
portnnce has often been retained (as tho tail of all 
aquatic animal by ita terrestrial descendants), though it 
ltlUl become of sucl! fmlall importance that it could not. 
in its present stule, ha\"o bct;n a"<Juired by natural 
sclection,-a power which acts fiIOlely througl! the @ur
vi\'al or tce best-fitted individuals in the Btmgglo for 
life. 

Natural selectioll will produce nothing in ono species 
for the exclllsi"o good or injury of anotlUlr; though it 
may well produee parts, orgnllll, and excretions highly 
uscful or even indispensable, or highly injurious to 
another species, but in all cases at tho same timc useful 
to tho owner. Natural selcctioll in each well-atocked 
country must nct chiefly through tho competition or 
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the inlLabitanls ono with nnOlher, lind consequently will 
produce perfection, or strength in the hattIe for life, 
only areonling to the standanl of that country. 11enoo 
the inhabitants of oue country, genell\lly tho smaller 
oue, will often vield to tho inhabitants of nnother and 
genen\lly Inrge~ country. For in the larger couutry 
th('ro will have existed moro individnals, nnd morc 
diversified forms, and tho competition will IUlVe been 
1(!\'t'T('r, and thus tho standard of perfection wiUILave 
be<>n rendered IL igher. Xatural selection will not neCb
flQrily produoo nbsolulc perfection; nor, fill far Il.8 we can 
judf,'O by our limited faculties, Cl'LLl nbsolnte perfection 
be~e'\'er"whero {ouuLi. 

On the theory of naturnl I'<'lootiolL wo can clearly 
umlersland the full meaniug of that old canon in nnturnl 
IListorv, .; Naturn lion facit saitUILl," i'his calLon, if we 
look ~nly to the present inhnbitants of tho world, is not 
llrirtlycorrect; butifwe include nil those of past times, 
whetll('r known or !Lot yet I.:nollll, it mlLst by my theory 
be strictly true. 

lt is ~cnernlly acknowledged that all organic beings 
havo iJ«:n fonned 011 two grent Inws-L)nity of 'l'ype, 
ami tho Conditions of Existence. ny unity of type i~ 
DLl'nnt thnt fundnmental ngreement in ~trllcturo which 
''-f'llCC in O'FflUie beings of tim same dll ....... !\ILd which is 
quite indeJlendentof their habits or life. OLlIllY theory, 
unity of typo is explnined by unity or t1l'8C"ent. 'fhe 
l'Il'rCAAioLL of t:'Ontiitions of existence, MO often insisted 
on by tho illustrious euvier, is fully l'ILLbnl('('(1 by tho 
principle of unturnl selection. For natnral sekctioD 
.rt~ l1y either now ndaptin; tho mrying pnrts of each 
Ilf'ing to its organic and inorganic conditions of lifo; 
or by luwiug- adapted them during IOlLg-post pt:'riods of 
tirno: th,. /vlnptntioLLslX'in; aided in some Cll9CS by use 
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and disuse, being affected by the Jircet action of the 
external conditions of life, and being in all eases sub
jected to the seycra1 10\\"8 of growth. Hcm.-e, in fact, 
the law of the Conditions of Existence is the higher 
law j na it includes. through the inheritAnce of fonner 
adaptations, that of Unity of l'ype. 
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CHAPTEU VII. 

Ju.ji"da -c<,mpomlole with haWt~, but <lifT,'reut in their origin_ 
I".tiuel.l graduated - _~I'hides and RnliI- ]uatiuel.l '-ariabl~
I:l.Jmcsti()illlltinct~,theirorigin-NRtul'llliultiIlCl.Iorthrcuck()(), 
votrkh, 1Ul,! paI"LIIitic 1.>ee1-51av&-making aul.l-Uin,\.bee, ib 
co:-Il.making illlllinct - Chan)':e. fA inali"ct, and Itructure DOl 
-nly timuJlaUf!OOJl-DifficuJtie. ui the Ih .... ry of tilt' 
X.tnral ~h ... of inltinct l -Xcutc.'l' , .... t.-rde i....ctl-
)-'II11D'111..,"" 

L'(J;TIXC'T$ might OO'"e been workcd into tho pre,-ious 
dtallt<:'r8; but I thought that it would be more con
venitut to trent the I!ubjeet sepamtely, esjlecially as an 
iDtltinct,eo wonderful as that of the construction oCthc 
como by tho hiye-OOo will IJrobaOly havo occurred to 
many readC1'!!, na a difficulty sufficient to overthrow th(" 
.. bole theory. I must premit;e, that I 1111\'0 nothing to 
du with tho origin oC the IJrUnnry mental powcrs, any 
more than I hmoe with that of lifo itselr. Wo are 
tom'Cmed ouly wid. tho dh-crsitics of instinct and of 
tho· uth..,r mental qualitiClil of animals within tho same 
"""-

I will not atkmpt any dcfill iti(!n of instinct. It 
would IJO CMY to show that so"cmi distinct mental 
actions are commonly CmOrtlCed by this wnn; out every 
ODe tmd t:r8tlluilil whnt is meant, when it is snid thnt in
lltinct imptls tho cuckoo to migrate nnd to lny her cggs 
in ulhtr birds' nc;;ts" An action, which 110 ouraehcs 
lhout.1 requiro cxperience to enablo 119 to perform, whcn 
performed ily an animol, more espocinlly by a ,"cry 
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k;,o\\ing- for whllt purpose it is performed, is usually 
llIIid to be instincti.e. But I could 8how that Ilone of 
thcso chlltrn'ters of instinct are unh·crsnl. .\ little dose, 
fIB P ierre J [uber expresse8 it, of judgment or reason, 
oflen come~ into play. e,'cn in animals loll' in the seale 
ofuaturc. 

:Frederick Cuvier and severnl of the older metaphy
sicians have colDpared instinet with habit. This com
parison gl"cs, I think, an nceumte notion of the fmme 
of mind under which an in.stinct.i\·c action is performed, 
but not ncct'SSl\l'ily of its origiu. How unl'(Jusciously 
mnny habitual actions arc performed, ;11<1('(>(\ not rarely 
in dil"Oet opposition to our conllCiou.s will! ~'~t they mll~' 
be modified by the will or relUlOn. Habits (,lUIily become 
Msociah'(\ with other Imbit!!, and with certain IM-'rioo.s of 
time and stutes of the body, W hen once acquired, t hey 
often remain constant tllrollghout lifc, Sevcral oth('l' 
poinl<l of resemblnnce between instincts and habits 
eould bf. pointed out. .As ill I'('IM-'flling /I. w~ll-kllown 
song, 110 in instincts, one action follows another hya IIOrt 

of rhythm; if II. 1M-'f'S(l1l be interrupted in a song, or in 
repeating anything by rotc, he is genemlly forced to f!O 
bftck to re<Xl\'cr th(' habilUfiI tmin of thought: 80 P. 
Huber found it WIl8 witb a caterpillar, whieh wakes • 
\,('ty COml)licaled hammock; for if he took n caterpillar 
which had completed it. hammock lip to, say, the sixth 
Ringe of construction, nud l)IIt it into n hnmmock com
pleted 111' only to the third Ringe, th(' ('at(lrpillar simply 
to-performed liI(' fourth, fifth, and sixlh stages of <'on
struction. Jf, lIowO"er, a caterpillar wcre tllken out of 
a hammock made up, for installce. 10 the third stag(', 
IUld were pnt into one finished up to the 8i:dh ~tag(', "" 
that mud, or it.s 1I'0rk wns already done for it, fnl' from 
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(t'If'liug Ihe b<-llellt of this, it was Illuch ('mOnm~, aDd, 
itt oruer to COIDI,le!e ils hammock, SCCllled foreed to 
ltart from the third f'i.'lge, where it had left. 01T, alld 
tboa tried to compll'le flle already finished work. 

H 11'0 supposo nny habitual action 10 become inherited 
_ud I think it can be shown that this d0C8 &Ollletimcs 
happen-thon tho resemblanco between what originall~" 
.as a habit and an instinet becomes 80 clo~u fl.S not 
10 be distinguish(l(l. If }(ozart, i.nstead of playing Ill(' 
pianoforte at three years old with wonderfully little 
practice, hfld plalCl.I a tune ,,-ith no practice at all, he 
might truly be said to hare done flO instinctively. But 
it .onld be a serious error to suppose that tho greater 
DumLer of instincts h,ne boon acquired by habit in ono 
~mtioll, anrl thell tmnsmiued by inheritance to suc
ceeding genemtiolls. It can be clearly .hown that the 
IDOIl wonderful instincts with which wo nrc acquainted 
lIUlely, those of tho hil'e-bee and of mallY nnts, could 
DOt possibly hn,·o boon acquired by llabi!. 

It will be uJli\'crsally a(lmitted tllat instincts are as 
important as corporeal structure for the wclfnre of cach 
ipecics, undcr its present conditiOlls of life. Under 
ehang<.J conditions of life, it is at least possible that 
.tight modifications of instinct might be profitable to a 
ip9ci<ll; and if it CUll be shown that iustinets do Yal) 

enor I!IO little, then I enn see no difficulty in nntuml 
RleetiOD prcscr'<ing and continually accumulating ,·ari· 
.uoo. of instinct to any extent tbat was profitable. ] t 
ill thus, fill I belicre, that all tho most complex and 
1nIDderful instinctll hurc originntcd. All modifications 
of corporeAl structure arise from, and Are increased 
by, 1I8O or habit, and are diminisllcd or lost by disuse, so 
1 do Dot doubt it hIlS boon with instincta. nut I belien' 
dIat tho effcclil of habit nre of quito subordinate im· 
portance to tho effects of the natuml selection of what , 
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may be Cfllled llpontaooolls variationa of instincts j_ 

tllat i8 of variationll prodncod by the &iPle unknown 
CflU8CIl which prodnce slight devintion! of bodily strue-
ture. 

No complex instinct can pos!.ibly be produced through 
nsturol selection, except by the slow and gradual accu· 
mulntion of nuPlcrous, sliglit, yet profitable, "Ilriations. 
Honce, as in tho ca.se of corporeal structuTC8, we ought 
to find ill nature, 1I0t the actual tmusitionnl gradations 
by whicll each complex instinct has been acquired-for 
these could be found only in the linenl allceetorsof each 
sJlCCics-but we ought to find ill the collnteral lines of 
deacent Klmo evidence of sllch gradations; or we ought 
at least to be ablo to show that S'f'lI,dations of KlPlO kind 
are J>08!!Iible; and this wecortainly can do. I have been 
lJurpri8ed to find, making 8110""anoo for the instincts of 
nnimalsl18ving hoen but little observed except in Europe 
and North America., and for no instinct being known 
amollgst extinct llpecies, llOw very gellemlly gmdations, 
leading to the most complex instincts, enn be disoo\'eroo. 
Change8 of instinct may sometimea be facilitated by 
the 8DDlO @pecies Illning different instincu at different 
periodll of life, or at different SCll80ns of tho year, or 
when placed under different cirCUlustanOO8, &c. j ill 
which case either the one or tbeother illstinct might be 
PfC8C!rved by natnral selection. And IIIlch instances of 
diversity of instinct in the same speciea can be shown 
to occur in nature. 

Again,asin thecaseofcorporealatrllcture, 8ncloon
formll.bly to my theory, the instinct of each species it 
good for itself, but has never,1l8 far 118 lI'e can judge, 
been produced for the exclusive good of others. One 
of tho strongest instances of an animal apparently per
forming nn action for the sole good of another. with 
which I am acquainted, is that of nphidC8 yoluntarily 
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yieldin)!. 1\8 wa.s first obser.ed by Huber, their Iweet 
excretion to ants: that they do ao voluntarily, the Col
lowing facta ahow. 1 removed nil the auts from a group 
of about a dO'~u aphides 011 a dock-Illant,and ))re'"Cllted 

their attendance during several hours. After thie inter
val, 1 felt 811re that the aphides would want to excrete. 
I watched tiJ(lm for BOrne time through n Ions, hut not 
one excretOO.; I then tickled and stroked them with a 
hair in the 8O.rne IUanner, as well as I could, 11.8 the nnts 
do with their 8uU!nmc j but not one excreted. After
WILI'ds I allowed nn ant to "isit tJlt'm, and it immediately 
I('f'moo, by ita eager way of running about, to be well 
a'lrare what a rich Aock it had disoon!red; it then began 
to play with its nntcnure on t116 abdomen flrst of ODe 
aphil and then of another j and each, as 800n as it fclt 
the antcnnre, immediately lifted up its abdomen and 
excreted n limpid drop of sweet juioo, which 11'118 eagerly 
de,"ourcd by tbe aut_ ..... Even tho quito young aphides 
beha\-e(l in this manner, showing thnt tho action was 
inatinctivc, anflnot the result ofeJ:.perienoo_ It is oor
tain, from the observations of Ruber,tlmt the a]lliidOll 
.bow no disliko to the ants: if the latter be not present 
tlll'y are at last oompellcd to cject their cJ:.crclion. 
But 118 the eJ:.erction is eJ:.trcmely "iscid, it is no doubt 
a convenience to the aphides to ba\"c it rcmo\-cd; there-
fore probably they do not eJ:.crelo &olely for the good of 
the ants. Although there is no C\'ideuce that any 
animlll performs an action for the exclusl\'e good of 
anoth(>r species. yet each tries to take advautage of the 
iualillcta of others, as each takes advantage of the weaker 
bodily structure of other species. So again certain 
Wi.iu('ts eanuot bc considered as absolutely l)(!rfcct; 
but lUI details on this and oillcr such pointa are 110t 

indispensable, they lllay be hero paased over . 
• \3 lOme degree of variation in instincts unuer a state .. 
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of IUlture, Ilnd the inheritance of such \-nriotions, are 
indispensable for the action of natuml 8d<!f:'tion, as 
many instances lIS possible ougllt to be here given; hut 
wont of I!"pBCO pre,"cnb me. I can only IUII!M'rt that 
instincts ccm,inly do ,'ory-for in&tanC(', the migratory 
instinct, both in extent and (lircction, find in its total 
loss. So it is with the nClits of birds, which vllry partly 
in dependence on tho situatior'8 Che&:lI, nnd on tho 
natuM and tcrupemturo of tho country inhabited, but 
often from C!lUlIe8 wholly unknown to us: Audubon has 
gh'en eevcnll remarkable cases of diffcreuces in the 
lleilUJ of tlro samo species in tho northern and southcrIl 
Unik!d States. Why, it has bceu tlSked, if instinct be 
,-arinble, has it Dotgruntcd to the boo '< the ability to \ISO 
8OIllO other material wIlen wax \I'M deficient"? But 
whlLt other material eQuid bees llSO? 'fhey will work 
with ami use, fill I liMe seen, \l'al: hardened with vermilioll 
ami fIOftenoo with lard. Andrew l\night obsern!d that 
his beefO., instead of laboriously collecting propolis. used 
Il. cement of wax and turpentine, with whieh he had 
col'erecl derorticatcd trees. It hIlS lutely been shown 
that bees. illstca[1 of searching £Iollen for tileir pollen, 
will gladly uso a yery different IJUbstallC<', namely, Oftt

meol Fear of any particular enellly is certainly aD 
illstincti"e quality, IlS may bo SCCIl in nestliug birds. 
though it is strengthened by experience, aud by the 
sight of fear of the same ellemy ill other animals.. Tb& 
fear of man is slowly acquired, 08 I hayo elsewhere 
sholl'n, by the "arious anilllais which inhabit desert 
islands; ond we see an instAnce of this e,'ell ill Eng
land, in the greater wildness of nil our lar<.;-e birds in 
oompnrisoll with our small birds; for the largo biro. 
have been most perse<:lIted by man. ' Ve llIay .safely 
attribute the greater wilduCS/l of our largo birds to !hi. 
Ci1USC; fur in uninhabited islands largo binls arc not. 

f"J The ComoJete Work of Charles Oarw... OnlIne 
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IDQI'(! fearful thall 1JDla1l; alld the magpie, 10 wary in 
Englnnd, is lamo in Norway, as is tJlO hooded crow in 
Egypt. 

'l'hat the mental qunlities of animuls of the sarno 
kind, born in n state of nature, vary much, could be 
abowu by maily f!lets. Severol Ca8C8 could also be 
gil'cn of OCCfUlionll l aud stmnge habib in wild animals, 
which, if advantllgeous to tho species, might gi\'o rise, 
through 1U1tumi scleetion, to nel\' instincts. liut 1 am 
.-eli a"'aro that th<!Se general statemcnts, without tho 
£acts in detail, will produce bllt a feeble cffect 011 the 
reader's mind. I call only repent my assumnf!(', that I 
do not speak without good C,'idcnce. 

l writ«l Ohatlget cif Huhit or I tlllitid in DomaliMled 
~ Animal .. 

The JXlIl'Iibility, or 0\'011 probnbiIity,of inlloritcd "nria. 
tiou8 of instinct ill a state of nature will be strengthened 
by Lrielly considcring a few cascs limier dOIll()Sticntion. 
We shall thus 00 enabled to see tho part which habit Rnd 
the ",'lcction of 8Q-C(llIed accidental or spontaucous varin. 
tiollll have l)layed in modifying the mental qualitiee of 
otU' domestic animals. It is notorious how much do
IIkttic animals ,·ary in their mental qualities. Witb 
ct.~ for instance, ono naturally takes to catching rats, 
.w anothcr mice, and these tendencies are known to 
be inh4:rited. One eat, according to ,Mr. St. John, 
alwlI.ya brought home gnme.birds. another hnres or 
rabbits, ,md another hunted on marshy ground nnd 
aiml»lt nightly caught woodcocks or snipes. A number 
of curious and auti,entic instances could be /l:il'cn of 
nriolUllllmdCB of disposi t ion and of taste, and likowise 
of tl,o odcbt trieks, RSSOCiated with certain fremes of 
aind or ll('riQ(lil of time, being inherited, liut let Ilil 

look to the fumilar case of the broods of tho dog: it 

t won. ofCh 
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cannot be doubted that young pointers (I ha.e myself 
&een a striking irutance) will sometimca point and even 
back other dogw the very fim t ime that tbey are taken 
out; retrieving is certainly in BOrne degree inherited by 
rclriel'ers; Dnd 8 tendency to rlln round, instead of lit , 
8 flock of sheep, by shepherd-dogs. I ClUlnotsee tllat 
theae nctions, performed witbout experience by the 
young, and iu nearly tbo iMlmo manner by eaell iudi
l'idual, performed wilh eager delight by each breed, and 
without the end being known-for tho young pointer 
ctlD no more know tbat he poinu to nid his master, than 
the white butterfty knows why sho Iaya her eggsou tho 
leaf or the cabbnge-I caunot see that these actions 
dilT!!r esscntially from true iu:;tinclis. If we were to 
behold one kind of wolf, when young Rnd witbout any 
troining, as soon a.s it scented iu prey, mnd nlotionicss 
like a statue, and then slowly crowl forward with a 
peculiar gait; and anotber kind of wolf rushing round, 
instead of at, 0. lwru of (I~r, ami dril'ing them to a 
distant point, \\'0 should !lS8uredly cnll these nctions ill
sti nl'til·c. Domestic instincts, lUI they lOay be called, 
arc certainly far less fb.:oo than naturol instiucts; but 
t ht'y hal'e been acted on by far lea r igorous lleiection, 
and hal'e beeu transmitted for all illoompernbly shorter 
peri<Ml, under IC118 fi.'ted conditiODs of life. 

Ho\\' strongly these domestic iustincts, habilB, and w.. 
positions are inherited, and how curiously tbey become 
mingled, is wl'lI l1holl'U when dilTerent breedJI of dogs an;, 

Cl'OIISed. ThUll it is hown that 1\ Cft188 with a bull-dog 
has alTectcd for many generatiolls the oouroge and ob· 
stinacy of greyhounds; aud a CI'OAA wilh il greyhound 
has given to il whole family of shellhel'd-dogs il ten
dency to hunt hares. Theso domestic illstincu, when 
thus tested by crossing, resmnble natural illlltinet~ 
wbich in a liko manuer become curiously blended ~ 
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gelher, and for II. long period exhibit trncee of the 
instinctll of either parent: for el:ample, Le Roy de
ICribce a dog, wl}()86 great-gmndfRther " "1\.8 a wolf, aud 
\his dog showed a trace of ita wild pa~ntago only in one 
way, by IIOt coming in II. straight lino to his muster, 
,,"ht'n called. 

Domestic instincts nre sometimes spokcn of I\Il actions 
.... hich lun-o become inherited solely from 10ng-OOllti1111CO 
and compulsory habit, but this is 1I0t truo. No olle 
would over lllll"o thouglit of Icaching, or probably conld 
hlll"o taught, tllo tumbler-pigeon to tnmLle,-an MtiOIl 

.... hich, lUI I have witne&ed, is performed by young bird.q, 
that ban~ !I6\·er 8eCU a pigeon lumLIe. __ We llIay belief 0 

that BOrne ono pigeon showed a sligllt tendenty to this 
Itrango habit, and that the long-oontinlled selection of 
the best indil"idna4 ill snCCCllilive b'Cllerations made 
tumblers whllt they now nre; nnd lIenr Glasgow there 
aN house-tumblers, us 1 henr from Mr" Hrcnt. wllieh 
cannot ily oighteen inches high without going hcad o'"er 
heels. It lIlay be Joubtod whether any OllO would 
havo thought of trllining a dog to point,llll.d 1I0t some 
one dog nalumlly showll a tendency ill this line; and 
thit i8 known occasionally to happen, as I onoo !laW, in 
a pure terrier: the act of pointing is probe.bly, na lIlany 
hafe thoughl, only tho e:mggerated I)B USS of an animal 
preparing to 81lring 011 itS! Ilmy. When tho fU"8t tell
dt-ncy 10 point WQ8 once displayed, methodical selcctioll 
ud tho inherited effects of compul>lOry training ill encb 
lIlCCC8Sin~ generation would iJOOn complete tho work; 
and unconscious &election i8 still in progress, I\Il each man 
mea to procure, without intending to improre the brc«l, 
doge which will 8tand and hUllt best. Oil tbo other 
hand, habit alone in sollie cases has sulliced; hnrdlyanr 
animal is more difficult, ill most cases, to tnlllO than the 
J'ounp: of tho wild rabbit; scarcely any animal is tamer 
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than the yOllllg of the tame rabbit; but I can hardly 
lIuppose that domestic rabbits hal'e often been IIClectcd 
for tameness alone; so thnt we must attribute at leaat 
tbe grt'utcr port of tile inherited change from extreme 
wildllCSi to extreme tameness, to habit and long.-ron. 
tinuedcloseronfinement. 

Natllmt instincts are l06t undcr domestication: n 
remnrknblo instance of this is secn in tl103C breeds of 
fowls which w~ry rarely or nover Occoille .. broody," 
that ill, never wish to sit 011 their eggs, ·Fnmiliarity 
alono l)["Em~llt8 ollr seeing how largely nnd how penna
lIently the minds of our domestic animals hal·e been 
mOOifi (l(l. It is IlCareely poes:it.le to doubt that the 
lovo. of !lIan hIlS become instinetil·e in tho dog, All 
wolves, foxce, jackals, and spccil'llof tile cat genus, wilen 
kcpt tame, aTe lIIost cager to alblCk IJOultry, sheep, and 
pigs j and this tendency haa been found incumble in 
dogs whiC'h han) been brought hOllle 8B pUJIJlie8 from 
countries, 1I1Ich 1\9 'l'icrra del Fuego and . .t\lIstmlia, wllcre 
the SlH'JIg-t'R do not keel) these domestic I\l\iml\l8. liow 
rl\rel~', 011 the other hand, do our ci"iliscd dogs, Cl'en 
when quito yonng, require 10 be h,ught 1Iot to atwek 
pouhrr, sheep, and pigs! No doubt theyoccusionally 
do mnke au alta!·k, lind are theu beawli j and if not 
cuIX'<!, tll<"y arc dCl!lroyed; so that habit, wilh BOrne 
degree ofbClcctiou, ll1n'c I'robably coneurred in civilising 
by inhcritance our dogs. On the olher hand, young 
chickens hal·c 1000t, wholly by habit., that fear of lhe dog 
and eat wlLich no douLt lI"as originally instinctive in 
them; for I am informed by Cnptain Button that tbe 
young dli{"kens of tho pllrent-stock, tile Gallus bank iva, 
when n'lIrcd in India uudera hen,nrelltfirstcl[cessi\'cly 
wild. .so it is lI"ith young phcasants reared in England 
under a hcn. It is not that chicken, hiLI·o lost all fear, 
but fenr only of dogs and cats, for if tho hen gi,'eg tho 

© The Co.1lolete ...... ork of Charles 1IT ..... .n~"IIino-. 
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dangcr-chuckle, they will run (more especially young 
turkeys) from under her, tmd concea1 themselves in the 
JJUrrounding grass or th..ickelB; flnd this is evidently donI) 
for tho in8lillcth'o pUI]XI<'C of allowing, 48 we 800 in wild 
ground·hirda, their mother to fly away. But this iustinct 
retained by our chickens lms becomo useless under d~ 
mestication, for the mother-hen hns almost JOlit by disuse 
the power of fliglLt. 

lience, we may conclude, that under dOlllcstication 
iDlltiuclB lUl.\'e been acquired, and natural iustinctel1flvo 
~n l08t, partly by llabit, and portly by man selecting 
and accumulating, during succee.sivo g('n ... mtion8, pecu
Jiar mental habilB lind actions, which {t first appeared 
from what we must in our iguomnoo call an aceidcnt. 
In lkIffie calleS compulsory hllbit alone hlUl sufficed to 
produce iuherited mental ehange8; in otllcr CI\S(';I com
pulllOry hflbi~ hlUl done nothing, and all hlL8 been tho 
tclmlt of seiection, pursued both llletliodieally ami nn
oonaciollsiy: hut in mOilt C~ hnbit and sei('Ction have 
probably actro together. 

Sp.cial Instind., 
We shall, lX'rhaps, best understand how instincts in II. 

stAto of nature hal'l) become modifi«l by selection, by 
<'Ulliliderillg a few cases. I will select only three, out 
uf th08{l which r sllall ha"e to discUSi in my future 
work,-namely, tlw instinct which leads tho ~ul'koo to 
lay h('r eggs ill other birds' neslB; the slave-maL.iug 
Wtinct of ~ertain auts; and the cell-making 1)Ol~cr of 
tOO hive-bee: thcse two latter instincts hlll'c generally 
IIUld jnstly been rallked by naturalists as tho mOllt won
derful or all knowJl instincts. 

1I1uiru:l. of tl/# Cu.;-KOO.-It is supposed by seine natu
rali..td that tho more immediate cause of tho instinct 
of the cu('koo ~ that she lays her eggs, Ilot daily, bllt 
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at intcn'als of two or three daplj 80 that, if she were 
to make her ewn nest and sit on her own ew, tllll8e 

lint laid would have to be left for some time unincubo.tcd, 
or there would be eggs Md young binla of different 
agee in the 8Ilmo nest. H this wero the case, the 
pl'OOC88 of laying and hatching might be inconveniently 
long, more especially as she migr.ltcs at a l'ery early 
period; and tho first hatched YOlllJg would probably 
iuwo to be fod by the male alone. But the American 
cuckoo is in this predicament; fur sho moke@. ller own 
neat, aud has eggs aud yOllng .8Uece!I-~il' ely Illdehed, all 
at the samo time. It hili been both as"ertoo and denied 
that the American cnckoo occasionally lays her eggs 
in other bird!l' Delils; but I ha\'o latf'ly heard from Dr. 
Merrell, of 1011"8, that he ouce found in Illinois a young 
cuckoo together with a young jay in the IIcst of a Bluo 
jay (Gu1T1Ilu. critiai"')j and as both were 1H~arly fully 
foothered, thero could be no mistake in their identifi· 
cation. [ could ul80 give severol inBWIICt!II of l'RrioUll 
birds wllich have ken known ~a~iollRl1y to lny their 
eggs in other binls' nests. Now let us suppose that the 
allcieut progenitor of our European cnckoo had tile habits 
of tho American cuckoo, and thllt sho oc"('asionally 
laid an rgg in another bird's nest. U tho old bird 
Ilrofitcd by this occasional habit throngh being enabled 
to migrate earlier or through any other cause j or if 
the young were made more "igorous by a<h'antAgo being 
taken of the mistaken instinct of another sJlecies. tlilin 
when rca.red by their own mother, cncumbered 118 Bli(' 
could llardly fllil to be by hU"ing Cg'gs Dnd yonng of 
different ages at the samo time; thell tho old birds or tho 
fostered young would gain an advantage. .And analogy 
would lood \18 to believe, that the young thus tOOrod wouiJ 
be apt to follow by inheritance the occasional Dud aber
rant babit of thcir mother, and io their toni would be apt 
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to lay their egg. in other birds' nests. and tlilI8 be more 
RlCCe88ful in reariug their young_ By a continued IJf'0008S 

of this nature, 1 belie'-e that the &trunge instinct of our 
euckoo has be<!n generated. It hOi, 01110, recently been 
ucertained that the cuckoo oocaaiollllily lays her egw> 
on the oore gronnd, sits on them and feeds her young; 
this rare and strange event e\'idently is a case of 
reversion to the long-lost aboriginal instinct of llidifi
eotion. 

It hili been objocted that I ha\'e not uotiC(!d other re
lated instincts and adaptations in the euekoo, which are 
Iabfoly spoken of as D6C<'SSIlrily co-ordiuated. But in all 
ta.;es, spoculation on an instiuet known only ill a single 
ipeCiee, is 1lllE'1C88,for we haye no facta to guide U8- Until 
quite recently the iIllltinctii of the Europenn and of the 
DOn-parasitic American cuckoo alone were known; now, 
owing to Mr. E. Uamsny's obaer\'atioua, we know BOrne

thing about three Australian species, \\hich lay their 
~ in other bieda' nests, Tho chief pointil are three: 
ftl'llt, that the cuckoo, with rare exceptionB, Illys only 
one egg in 0. neat, 80 that the largo and voro.cioUll young 
bini may receivo ample food, Sooondly, dlat tho eg~ 
are of remarkably small size, Dot exceeditlg those of 
thl'd.-ylark,-a bird about one-fourth aa large 88 the 
CUl"koo. i'hat tho small &ize of the egg is a real case of 
adaptation \1'0 may iufer from the foct of the non·para
_tic Ameriean cuckoo laying full ... izod eggs. 'fhirdly, 
that the young cuekoo, 800n after birth, has the instinct, 
tho strength, and a properly sllaped back for ejccting 
M fOBter-brotlwl1!, which thell perish from cold and 
hunger. This., it hIlS been boldly maintnined, is a bell(;
fit(>nt arrangement, in order thAt the young cuckoo 
may getsuffieient food, and that iu foeter-brothers may 
peNh before they haye acquired much fooling. 

Turning now to the Australinu Bpociea; though these 
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binlt generally lay only OIlO egg iu R ncst. it is Dot 

rore to find two and oren three eggs ill the 8Ilmo nest. 
In the Bronze cuckoo tho eggs \'ary greatly ill size, 
from eight to ten lines in length. Now if i~ ]l(l,d been 
of IIny advantage to this ~pecio8 to h(l,Y(l laid eggs eveD 
IImaller than those 1I0W laid, so as to h.ave deceived 
certain fOO!ter-pllrentl;, or,88 iii more probable, to hn,'c 
boon hatched within a sborter period (for it is asserted 
that thero is R relation between size and tllo perjod of 
incubntion), then thero is 110 difficulty ill believing that 
n mce or speciea might have been formed which would 
iulVo laid smuller and @Innllcr eggs; for thoso would 
luwo boon moresnfcly hatched and reared. ~Ir. Ramsay 
J'llnlllrks that two of tho Austmlian cllckoos, when they 
lay their eggs in an open lIcst, manifest a docidcd pro-
(cronce for Ilesli containing eggs similar in oolour to 
their own. Tho European species certainly msnif~ 
tomo tcl\dency towsnls s similar instinct, but not rnrely 
t1cparl'l from it, as is shown by her laying hcr dull and 
pale-eoloured cggs in the nest of tho Hedge-warbler with 
briglLt greenish-bluo egb"8. n ad our cuckoo invariably 
displayed the abcwo inl;tinct, it would assuredly have 
Ueen adJed to those which it is assumecl must all have 
been acquired together. Tile cgg.i of tho Australian 
Bronzo cuckoo vary. aecoming to llr. Rumsay. to ftQ 

extraordinary degree in ~'Olour; 80 that in this respect. 
ru! well as in size, Mtura! selection (lssuredly might ha"e 
tiCCllred and fixed any advantageous \'ariation. 

With referenre to the young Europeall cuckoo ejecting 
iii! fOlitcr-brothcrs-it must first be remarked that llr. 
Gould. who bas paid particular attelltiou to this subjed, 
is oou\-inoOO. that the belief is an error; he aacrta that 
tho young foster-binls are generally ejected during the 
fil'llt three days, whcn tho young cuckoo is quito power
IC8II; he maintain.£! that tile young cllckoo c;w:.crts, by it.. 
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bunger-eries, or by some other metul8, lueh a faacina
lion O\'er itl foster·parents,. that it alono lCCch'es food, 
10 Ibnt tho otLen ore starn!d to deatll, snd aro then 
thrown out, like the egg.shells or tho excrement, by 
the old birds. TIe admits, howerer, that tile young 
cuckoo wilen grown older and stronger may ha,·o tlle 
power lIud perhapa tho )llstinct, of ejectiug its foster. 
brotllertl, jf they happen to escape stllfYlltion during' 
the I1rst fow days after birth. 1Irr. Hamsay IlUS urri\'w 
at tho !lRlnQ conclusion regarding tho Allstmlian species: 
he datce thnt thc young cuckoo is at firtlt Il. little help
lea fat crooture, but, "as it groWl mpidly, it IIOOn fi1l8 
oplhe greater po.rt of tho nest, and its unfortunatocom_ 
paoio1l!l, eitller smothered by its weight, or Itan'cd to 
death through ill greediness, are tJlrown Ollt by their 
parent&." Nevertheless there is 80 much o,-idence, both 
ailMent And reccut, that tho young European cuckoo 
does eject its foster·brothcl1J, that this C3n llardly be 
doubted. Now, if it wero of great importance to the 
young cuckoo to receivo as much food aa p06Siblc soon 
afkr birth, I clln see no special difficulty ill its gradu
aUy lUX)uirillg during successivo genellltions, the babit 
(perhapll through mcre uniutentional rcstlCf!8nM) tllc 
IUeDgth and the structure best fittro for ejectillg its 
bter-brothel1J; for tbOll6 young cuckooe which bad 
IRK'h haLits and structure would be the best fro and 
IDOIt eeenrcly reared. I C3n see no more difficulty in 
tbie, tban in yonng birds acquiring the instinct and the 
temporary hard tipsto their beaks for breaking throufth 
1heir own shells ;--or than in young suakes ho.ring in 
their "llpcr jo.Wl!, 0.8 Owcn hIlS rCPlo.rkod, II tmnaitor~' 
Iharp tooth for cutting through tho tough egg-s1It,,]1. 
For if each part is liable to individual \'Q.rialiOIlS at '1Il~ 
19C, and tJJo mriatioDs tend to be inherited at a corre
IJIOOding agc,-prop06itions which C3nDot be disputed, 
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-then the instincts and structure of the young could 
be s.lowly modified fI8 well lUI those of the adult; and 
both CfI8(!8 must stand or fall with the whole theory of 
naturnls.elcction. 

The occasional habit of birds. laying their eggg in 
other birds' nests, either of the 8/l111e or of distinct 
species, is not '.cry uncommon with the Gollinaocoo; 
and this perhaps explains the origin of Ito siugular iu
stinct in the nearest allied group, that of OIItriches. For 
&Overnl hen 081riches unite and lay flrst a few eggs ill 
one nest and then in another; and tJlC8e are hatched 
by tho males. Thill instinct may Ilrobably be accounted 
for by the fact of the hens laying a large number of 
eggs, but, as in the case of the cu('koo, at intervals 
of two or three days. The instinct, however, of the 
American 08trich has not as yet been perfected; for a 
lIurprising number of eggs lie strowed over the plaillBt 
110 that in one day's hunting I Ilick(l(1 up no le88 than 
twenty 106t and wasted eggs. 

Uany boos fire parasitic, and regularly lay their eggs 
in the nests of other kinds of bees. 'l'his case is more 
remarkable than that of the cuckoo; for tllcae bees 
ham not only had their instincl.ll but their structure 
modified in accordance with their parasitic habits; for 
they do not posgess the pollen~lIecting apparatu 
which would have been indiBpelll'8ble if thoy had stored 
food for their Olm young. Some species, likewise, 01 
SphegidlC (w~like insects) are parasitic in the same 
manner on other species; and M. }~abre has lately 
shown good reason for believing that, although the 
'l'achytee nigra generally makes its own burrow and 
storos it with paralY8Cd prey for ita own lar,'oo,yct that, 
when this insect finds a burrow already made aud stored 
by another sphex, it takes ad,'antage of the prize, and 
beoomOil for the occaaion parasitic. in this cue, 118 with 
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the BUppoeed case of tho cuckoo, I can 800 no difficulty 
in natural &election making an occasional habit perma
nt'llt, if of ndvnnwge to tbe species, and if the ill8eCt 
whO!le lIcst and stored food are thus feloniously appro
priated be not thus exterminated. 

Slaw-making imtincl.-'Ihis remarkablo instinct Willi 

lint disco\'crcd ill tile Formica (Polyergcs) rufescell8 
by Picrro Huber, n better observer o\'ell tiUln his cele
brated father. This ant is !l.bsolutdy dependcllt 011 its 
,laves; without their aid, the spcciers would certainly 
become extinct ill n single year. Tbo malers and Certile 
femalers do no work of any kind, and tho workers or 
Rerilo femalce, though most energetic and courageous in 
cspluring alavC8, do no oUler work. They are incapable 
of making their o\\n nests, or of feeding Uleir own 
larval. When tho old nest is found inconvenient, and 
they havo to migrate, it is the sllwC9 v.hieh determine 
the migration, and actually carry their masten in their 
jaws. So utterly I,elpless are tho masters, that when 
Huoor shut lip thirty of them withont a slnve, but with 
plenty of tho food which they like best, and with their 
own lame and IlllptO to stimulate them to work, they 
did nothing; they could not e\'cn feed thomsch'eIl, and 
lIWly perished of hunger. Huber then introduced a 
lingle slave (F. (U8Ca), and she instantly I!ICt to work, 
fOO and 81H'ed the survivors; made some cells and 
teaded the lame, and put nil to rights. What can be 
IDOre utruonlinary than these well-MCertained facta? 
H'II'6 1100 not known of any other slave-mRking ant, it 
would have been hopeless to speculate how so wonderful 
an instinct could have been perfected. 

Another 'pccies, Formica. sanguinoo, was likewise first 
dieoovcred hy 1). Huber to be a sls\'e-makinp: ant. This 
lJICCies is founel in the southern parts of England, and 
ita habits 1\8\'0 been aUended to by Mr, F . Smith, of 
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UIO llrili~h Museum, to \\hom I am ffiurh illllehted for 
information on this and olher lIubjecU. Although fully 
tnlSting to tho statemenfiJ of Huber and )Jr. Smith, J 
tried to appron ... h the subjed ill a sceptical fmmo of 
mimi, IlS (\IIy ono may well be t'xcuse<J tor doubting the 
tnltll of (!O extraordinary alld odious an instinct IlS that 
of making slaves. Hence I will giro tile obsern .. tions 
which Imudc, in some littlo detuiJ. I opened fourteen 
lIests of 1:'. ISII.nguiuea, and found a fow sillies in all. 
Uales and fertile females of the ,llwe species (P. f\lllC8) 
are fOllild only in their own propcr colllmunities, and 
hare non~r been observed ill the nests of F. sanguinea. 
'l'ho sla\'l!8 are black alld not abo,'e half tho siZl' of their 
red masters, 110 that the COlltrast in thcir appearance is 
great. Wheu tho nest is IIlightly disturbed, tJle slaves 
oecnsionalJy come out, aud like their mll/llers aro much 
ngitnted and defend tile nest: wbCll tho nC8t is much 
disturbed, and tho iarnl:l aud pupro are exposed, the 
shwcs work encrgeticnlly togelllCr with their mnlltcrs ill 
cnrrying them away to a place of anfety. Bence, it is 
clear, that the sJavC8 feel quite at homo. Durillg the 
1lI0nths of June aud July. on three 8ucccsai\'c yell.l"l:!, I 
hp.\'e watched for !DUllY hours sc,'erol nests in Surrey 
alld SU8ll('X, and ne,'er saw a slll.\'e eitber lea,-e or enter 
a nC8t. A@, during these months, tllO ala"ea II.re TCry 

fow in number, I thought tllat they might behave differ
ently when wore numerous; but Mr, Smith informs me 
that he has watched the nests at various hours during 
May, JUlie, aud August,both ill Surrey and Hampshire, 
and 11M ncrcr IICcn the slaves, thollgh pre!ICllt in large 
nUlllbers ill August. either leave or entcr tllO nest. 
Hence ho eonsidcl'8 them as strictly household slayC9. 
Tho masters, 011 the other Iland, lI1ay be constantly 
seen bringing in materials for the 1lC8t, and food of all 
kinds. During the year 1860, howe,'er, in the month 
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of July. I came OCI1)6lj: a community with an unusually 
large &took of alanl!!, and I obserred a few slavcs mingled 
witb their masters leaving the ncsl, nnd marchiug along 
the samo rood to a tall Sootch-fir-~, twenty-ho yards 
distant, which they nsoondcd together, probnbly in search 
of aIlllidcs or eocci. Aceording to Huber, who had ample 
opportunitics for observation, tllO sla,-cs in Switzerland 
habitually work with their masters in making tllO nest. 
anrl they alOllO Open and close tho doors in tho 1II0rnilig 
and m-ening; and, /1.9 Huber exprce..~ly states, their 
principal office is to SCIlrch for aphides. 'fllis differenoo 
in tho usual habils of the mll8lers Rnd slal"{18 in tho 
t.-o countrics, Ilrobnbly depenw mrrdy on tho mare!! 
being enptured in greater numbers in Swilzerlalld than 
in England. 

ODO day I fortunately witnessed a migration of }~. 
u.nguincn. from ono ncst to !lnother, and it WIUI a most 
intere$lillg spectacle to behold the masters carefully ear
rying their slarcs in their jaws instead of beillg carried 
by them, as in the ease of F. rufcscens. Another day 
my attention was struck by about a fiCore of the slavo
makers IlIlunting the same Apot, and evidently not ill 
IIVCh of food i thoy allprooched and wero vigorously 
repulBOd by an independeut oommunity or tho 8Ia\-c
ipOCies (F. fusca); aometimes as many lUI three of these 
anta elinging to tho le:;s of the slan~-mnking F. san
guinea. 'l'ho laUer ruthlessly killed their snlall 0l)i»" 
Dents, and carried their dead bodies lUI food to their nest, 
tWt'nty-llino yarch wstant; but they were pro\-ented 
from getting auy pupro to reRr as HIll.ve~_ I then dug 
up a ~mllll parcel of the pupro of l~. fllsen from nnother 
Dtl8t, alld put them down 011 a bore spot near tho plnco 
of combat i they were engerly seized and eorried off by 
the tyrants, who perhaps fancied that, after all, they llad 
beeu vicwrious in their late oombnt. 
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A t the se.me time I laid on the sumo place a small 
parcel of the IlUpe of auother Bpeci~, ]~. flam, with a 
few of theso little yollow ants still clingillg to the frag
mentH of their nest. 'l'his species is sometimes, though 
ro.rely, made into slaves, as baa been d~ribed hy Mr. 
Smith. Although 80 small a species, it is 'Very COil

lageou~, anuI have scen it ferociously attack other ants. 
In one instance I fouud to my surprise an indepell(lent 
community of }', £IM'a under a stone beneath a nest 
of the sl';ve-making P. sanguinea; and when I had 
accidentally disturbed both nests, the lillie ants attacked 
their big neighbours with surprising courage. Now I 
was curions to ascertain whether F. sangninoa could 
distinguish tho pupe of P. fusca, which they habitually 
mako into slanlB, from those of the little and furious 
Po fla"a, which they rarely capture, and it was e\'ideut 
that they did at onoo distinguish them; for wo ha'Ve 
seen that they eagerly aud instantly l!Cizcd the pnpe 
of F . fusca, whereas tlll.'y were much terrified when 
thoy eame 8crOll8 tho pupre, or even the carth from the 
nClOt, of F. flan!., and quickly ran allay; hut in about a 
qnarter of an hour, shortly after all tho little yellow 
ants had cmwled away, thoy took lleart aud carried off 
the puptC. 

One evening I \'isiW<i another community of F . san
guinea, and found a nnmber of these ants returning home 
and entering their nCflls, carrying the dead bOOiea of F. 
fuacn (showing tbat it was not a migration) and nnm~ 
lOllS pllpro. I traced a long file of auts burthened with 
booty, for aooutforty yards oock, to a very thick chunpol 
heath, wlleneo I saw the last individnal of F. IIII.llguinea 
emerge, ('Il.rrying Il.llUp8; but I \'Vas not ablo to flnd th& 
desolated nest in the thick henth. '1'lIe nest, howefer, 
must ha"e been c1011C at hand, for two or three iIJdi.. 
viduals of F. fusca. were rushing about in tim greatel&. 
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agitAtion, and ono was perclled motionl($ll with ita own 
pupa in its mouth on the top of II. 8"pmy of heMh, on 
im~«(! of deslWlir, ol'er ita ravaged home. 

f'uch arc tho facts, though they did not Ilced cou
firmation by mc, in regard 10 the wonderful instinct of 
milking SltH'eR. Let it be obscn'ed I\hnt a contrast the 
il\lltinctil'e habits of F. songuinclI present with those of 
tho continental!", rufescens. 'rhe IlItter docs not build 
ita own nest, docs not determine ita own mignltions, 
docs not collect food for itself or its young, and cannot 
C'I"CU feed. il8elf: it is absolntely deJlendeut on ita nu
merous slln-e8, Formica BIInguineo., on tho other hand, 
poe8C8SC8 milch fewcr slaves, and ill the early 118rt of 
the summer extremely few: the masters detennine 
.hen and where a new nest shall be fonned, lind when 
they migrate, the masters carry tho 8IM·es. Doth in 
!;"ilzerlaud and England the sJa'l"cs 800m to luwe the 
exclusive care of the lan-re, lind the mastCN! alone go 
on slave-making expeditions. In Switzerland tho slnvos 
and mastcT8 work together, milking ami bringing mllte
riaJs for tho IICS!; both, but cllieny tho slavcs, ttlud, find 
milk, as it mny bo tlnlled, their aphid('8; 1111(1 thus both 
eolleetfood for thoCQmmuuit~·. I II Englaud tho masters 
alone usuallyleal'etho lIestto collect Luilding materials 
aod food for thcmll!!ln.'S, their slaves and Ianit'. So that 
the masl(!rs in this country receivo much less 8Cr'l"ice 
from their ,JOWl!! thUIl they do in Switzerland. 

By what liteps the insti~ct of F. 8Ilnguinf!a originated 
I will not pretend to conjecture. But as IInls, which arc 
DOt slal'e--makers, will, as I have seen, carry off pupro of 
other specics, if scattered ncar thdr llCSts, it is l)()S<liblc 
dw IUch Iml)ro originlllly stored flS food might becomo 
clnelol.oo; lind the fore igu auts thus unintentionally 
reared ","ould then follow their proper instincts, and do 
wbat work they could. If their prcacneo Pl'()\'ed useful 
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to the specict which had seized them-if it were more 
advantageous to this species to capture workcrs than to 
procreate them-the habit of collecting pupro origiQlllJy 
for food might by natura.l selectioll be lIlf'Cngthclloo Ilnd 
rendered ]K!mlanent for t1Je "cry different purpose of 
raising sllwe8. When the instinct \l'lUI once acquired. 
if ('Il.rricd out to a milch lesa utcnt even than ill our 
British V 8tU\guinca, which, 88 wo havo seCII, is less 
aided by its 8111.\"68 thull the snmo speeiCll ill Switzer. 
land, nnlural selection might increnso and mooiCy the 
instinct-always supposing each mooification to be of 
1198 to tho speciee-ulltil an Rllt \"flU! formed Il8 abjectly 
dependent on its alan!!! 83 is the Pormica ru(escens. 

Ckll.",aking tnMind of 1M lIit'e·1ke.-I will not here 
cnter on minute detail!! on this 8ubjcd, but will merely 
give all outline of the concJus.iOIlS nt which I ha,'o 
arrived. He must be a dull man who can examine the 
exquisite etnlctul'C of a comb, 80 beautifully adapted to 
its end, withoutenthusinstic admiration. \Vo hear from 
mathemll.ticillns that bees have l)rllCtically 8Oh'00 8. re
condite llroblem, {Il1d have made their cells of tbe 
proper !lhape to hold the greatest possible amount of 
honey, with the lCMt possilJle consumption of 11recioUi 
wax in th(:ir CQlIstruction. It lIas been remarked t..hM 
8. skilful workman with fitting tools and measuret, 
would find it lCry difficult to make cells of wu: of tile 
truo Conn, though this is perfectly effected by 8. crowd 
of bees working' in a dark hil'e. Granting whatever 
instincts YOII please, it seems at first quite inconreif· 
ablo how they cau make al! tlll~ necessary angles aoo. 
plant's, or (well perceh'e when thoy liTO correctly made. 
But tho diflkulty is not nearly 80 great as it at firA 
appenrs: all this beautiful work enn be shown, I think. 
to follow from a few simple instincts. 

1 was led to invcstigate this subject by }[r. Water-
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howo, who lIAS shown that tho form ' or tho {'ell standa 
in elO6e relation to the presence of adjoining cella; and 
the rollowing ,'iew may, perhaps, be considered owy as 
a modification of hil theory. Let III look to the great 
principlo or gradation, alld see whether Nature does not 
rel'cal to \lIJ hermethcxl of work. Atone end of a ahort 
eeries we havo humble-bees, which uso their old cocoons 
to hold boney, aometimes adding to them short tubes of 
wu, find likewise making separate find very imgular 
rounded cells of wax, At the other end of the series we 
ha,'o tho cells of the hive-bee, placed in a double layer: 
each cell, as is well knowu, is au hexagonal prism, with 
tho basal edges of its six sides oo,'eUed so as to fit on 
to a Ilyrnmid, formed of three rhombi!. 'fheac rhombs 
bal'e certain 8D,t:;lcs, and the three which form the Ilyra
mido.l base or 0. single cdl on one side of the comb, enter 
into tho compoaition of the bnses of three adjoining cells 
OIltheoJlposiro side, Inthoscrieabetllccnthec:ttromc 
perfection of tho cells of the lli,'o-ooe find tho silllillicity 
of thoso of tho llumblo-bcc, we bave the cdls of the 
Hexioan l\felil)()nll. domcstica, carefully described and 
&gurcd by Pierro Huber, Tho UeliJloua itl:lClf is inter
mroiato in structure between tho hil'o and humblo bee, 
but more noorly related to the latter; it forms a nMrly 
regular lI"tlXl'n oomb of cylindrical C<!lIs, in whicb the 
young are hatebcd, and, in addition, somo largo cells of 
ftl for holding houey. Theile latter cell", arc nearl~' 
lJlberical and of lIearly equal sizes, and arc aggregated 
into an irregular Ill8&'!, But the important point to 
IaOtire, is that these celb nre always mado at that 
degrecof nearnoss to each other, thut t1lOY would ha\'o 
intersected or broken into each other, if tho spheres had 
been completed; but this is ne,'er pcnnitted, the bccs 
bu.ilding pcrf.:elly fiat walls of wax beb'e~lIl tho I!llhere!l 
wlUcb thllll tend to intersect. Hence each cell co(l:ji~ts 
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of aD outer spherical portion, and of two. three, or more 
p<'rfcctly &t 8urraces,aecordiug as the cell adjoilllJ two, 
three, or more other cells. When one cell rests on 
three other cells, wbieh, from the spheres beiug uea.rly 
of the same size, is "ery frequently and necessarily the 
cnse, the three nat surfaces are united into a pyramid j 
aud this llyramid, as Huber has remarked, is manifestly 
fL gl'Ol!s imiwtion of the three-sided pyramidal bases of 
the cell of the hi.e·bce. As in tho cells of the hive.bee, 
80 here, the three lilane surf>lCe8 in auy one cellncces
sarily enter iuto the construction of thrco adjoining 
celis. It is ob"ious that the Melipona 1ltl."CS wax, and 
what is more important. labour, by this manner of 
building j for the flat walls between the adjoining cella 
are not double. but are of the same thiekuC8'J as the 
outer ~Ilherical portions, and yet each flat portiou forms 
a part of two cella. 

Heliccting on this ease, it occurred to me that if the 
Melipona hnd made its spheres nt SOUlO gil'cn d istance 
from ellch other, (lnd had made tlU!ru of equal sizC9 and 
had armugt"d them symmctricallyin a double layer, the 
resulting structure would probably have been as perfed 
as the comb of the Ilin~"bec. Accordingly I wrote to 
ProfCilllOr ?tUller, of Cambridge, and this geometer has 
kindly n!II.d m"er the following statemc!Dt, drawn up 
from his information, and tells me that it is strictly 
corroct:-

If B number of equal spheres be described with their 
centres lilaccd iu two parallel byers; with tho centre 
of ('ncb sphere at tho di"tanoo of radius )( .; 2, or 
Mdius x J··11421(oratsoUlolC&'<Crdistnllco), from the 
centres of the six surrounding sJ)iwTClI ill the same 
layer; and nt the AAmedistan('e from the centres of tile 
adjoining splu:!fCl! in the other and parallellarer; then, 
if planell of intersection bet ..... oon the severol spheres iD 
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both layers be formed, tberewiJl resu1t a double layer of 
hexagonal prisms united Wgether by pyramKlal ha.w 
furmed of thn:>e rhomb:!; and tl,e rhombe aDd the Hides 
of the hexagonal prisms will haw c\'ery anglo idcnti
<'8i1y tile I18mo with tho best measurements Wllich have 
been made of the cells of the hive-bee. But I beat 
from llrof. \\'yuum, who has mado Ilumerous careful 
m('81lllrcmcul8, that the aecurncy of tllG worlunansbill 
of the bee has been greatly exnggerated i so much so, 
Ihat, lUI he nd(b, whatcr('t the typical fonn of the cell 
may be, it is raroly, if ever, rea lised. 

l1('n('O wo may safely conclude that, if wo could 
uighUy modify the instincts already po8SCIl8Cd by tbe 
Jleliponll, and in themseh'es not very wonderful, tlus 
lire would make a structure as wonderfully perfect as 
that of the hinl-bcc. We must suppoee the lIc1ipona 
to haw.' the power of fanning her cells truly spherical, 
and of C!qunI Hi1.c8; and this would not be very sur
pruing, seeing thut she already does so to II. certain 
l'ltcnt., nnd sccing wilDt perfectly cylindrical burrows 
in wood Dlally iu8('Cts can make, IIpp/U"Cntly by turuing 
round en a fixed point. We mustsuPllOIIOthe MelilXlna 
to arrnngc IU'f ('('lis in Im'e] layera, as she a.lready does 
bEor cylindrical cells; and we must further suppose, and 
this is the greatest difficulty, that she can somehow 
jOO;!C accurntely at what distan('(l to stand from ber 
fellow·laOOurera "heu several arc making their spheres; 
bat ahc is already so far enabled to judge of distance, 
that sho always describes her sphel'C3 so as to intersect 
Iarg<-!y; lind thcn e.lle unites the points of intersection 
by perfoctly flat surfaces. \\'1.' \uwo furtlwr to suppose, 
bat thia is IlOdifficulty, thnt after hexagonal pri~1ll9 Illwo 
heen fOrnlrd hy the intersection of adjoining hllheres in 
the IIluno layer, slle tlln prolong the llexngon to auy 
length requisite to hold tho stock of honey; in the samo 
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way as till) rude IlUmble-bee adds cylindcra of W8.J: to 
tile cit1'ulnr mouilis of her old OOOOOlUl. By such modi. 
ficntiODS of instincts in themlK!hcs not very wouderful, 
-bardly more wonderful than those which guide a 
bird to make ili! nest,-I beliel'e that the hinl-bee 
hIlS acquired, through natural sclection, h£'r inimitable 
Ilrch itC('tnral powers. 

But this theory eau be tested byexpcriment. :f ollow_ 
ing tho cxnmple of Mr. 'l'egcbneicr, I separated two> 
oombll, and put between them a long, thick, rectan
gular strip of wax: the bees instantly began to ellCilval(' 
minnte eireular pili! iu it; tLnd as th('y deepened these 
littlo pits, they made them wider and wider until they 
wero COIll'crted into s.hallow ba!ins, al)pcnring to the eyo 
perfectly truc or pam of a sphere, and of about the 
diameter of a e<>l l. It was mOllt ink-resting to me to 
observo tbat, where"er SCI'CraJ beeM Imd begun to ('''c&

Ynte lilesc oosins near together, tll(\y had bc>gun the.ir 
work at sudl a distance from each other, that by the 
timo tile basins had acquired theabo\'e-statCfI width (i.4. 
about the width of an ordinary cell), and wero iu depth 
about one sixth of the diamet(>r of the sI)here of wwch 
they fonncd a part, the rims of tile basins intersected 
or broke into each other, As soon 8.8 this occurred, the 
booe e"nse<1 to Cl:ca,'nte, and lK>gan to build Ill' fiat 
walls of WIU on the lines of intcrseetion between the 
basins, 110 thllt each hexagonal Jlri~m W8.8 built npOD 
tbe srolloped edge of a smootll basin, instead of on the 
straight edges of a three-~idcd pyramid as in the eMe 
ofordiuary cells. 

I then ]lilt into tho hive, instead of n thick, reetaJloo 
guiar]licco of WIIX, II thin and narrow, knifc--c<lgod ri~"'I!, 
oolOllred \Iith vermilion. '1'ho boos il18tantiy bcgall OD. 

both sides to excavate little basins Ilenr to eneh other. 
in the same way as before; bllt tile ridge of WIU nI 
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10 thin, Ihat the bottoms of the basins, if they had been 
eXC8'1'atcd to the same depth as in the former expe
riment, would hn'l'e broken into each oUler from tbe 
opposite sides. The beea, howe\'er, did not suffer this 
10 happen, lind they Slopped their excanluons in due 
time; so thnt the basins, as IlOOn as they had beeu a 
litt le deepened, came to havo bottoms with flat s.idflS; 
IWd thcao flat sides, formod by littlo thin plates of the 
'l'crmilion WfLJ: lefl ungnawoo, were situated, lUI far 88 

d1e cye could judge, e1sctly along the plallos of imagi
nary intersection between tbo basins on the opposite 
Iidcs of tho ridge of WfLJ:, In sollie IIBrtB, only I!lIlflll 
portions, in OtJler IIBrta, large portions of a rhombic 
plate hsd been left between tho oPJlOBCd basins, but tho 
.ark, from the nnnatumi state of thinga, had not been 
Deatly perfonued. The bees must have worked at 'l'ery 
acarly the 8IIme rate in circularly gnawing all'ay and 
deellening the basins on both sides of the ridge of 
<rennilion \wax, in order to havo thlll! succeeded in 
leaving flat platcR between Ule basins, by stoPIJillg 
work at the plalletlofiutersectioll, 

Considering how flexiblo thin wax ia, J do not soo 
that there is filly difficulty in the bees. wlii]!;t at work 
GIl the two sides of a strip of wax, perceiving Whl'B they 
.'e gnawed the wsx awuy to tho I)roper thinness,. 
aDd thell stopping their work. In ordinary comb::!: it 
... appeared to me that the bees do not alll'sy! SII(.'C('ed 

ill working nt cJ:setly the same rate from the opposite 
Iidtt; ror J iUH'e noticed hair-colllpleted rhombR at the 
hue or a jllst-oommenced eell, whieh were sligiltly 
tIOO.ene on one side, where I snppo6C that the ~ had 
acavated too quickly, !lnd roll\'eX 011 the opposed side 
.bere the 1x'C~ Il/ui worked less quickly, In 0110 well 
.... ked instance, I put the comb back into the hirc, and 
1IJowf'd the bees to go 011 working for n ahort time, snd 
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again examined the cell, and I found thllt the rhombic 
plate had been completed, and had become ~ftICll!l.ftal: 
it was ahliolulPly impossible, from the extreme thinlle8ll 
of the litlle (llate, that they could hal"e effected thie by 
gnawiug away the couvex side; alld I BUlIpect that the 
boos in such Casel! stand on opposite sirles and pUlIh and 
bend the ductile and warm wax (which o.a I have tried 
i~ eaaily done) into ita proper intermed iate plane, Illld 
thU8fiatl.enit. 

From the 6J:periment of the ridge of "ermilion WiLX 

we can see that, if the bees were to build for themselvCl 
n. thin wall of wa:s:, they could make their cells of the 
proper shape, by standing at the Ilroper di.stauoo from 
each other, by exc&,"ating at the same rate, aud by 
endenouring to make equal spherical 001101\11, but 
never allowing the spheres to break into each other. 
Now bees, as may be clearly seen hy examining the 
edge of 0. growing comb, do make a rough, circum
ferential wall or rim all round the comb; and they 
gnaw this away from the opposite sides, alwaYB working 
circularly as they deepen each cell. They d" not make 
the whole threHided pyramidal baso of anyone cell at. 
the same (imc, but only that one rhombio plate Yo'hieh 
slands on the utreme growing margiu, or the two 
lliates, as the case may be; and they IlOH!r oomplete 
tho npper edges of the rhombio plafA>s, until the heD
gonal walls are oommenoed. Some or the$C statemenfl 
differ from those made by tho justly celebrated cider 
1 r lIber, but I am convinced of their accuracy; and if I 
lind space, 1 could show that they are oonformablo with 
my thoory. 

lluber's statement, that tho very firat ceU is c..xc~wated 
out of a little parullel-eided wall of wax, is !lot, as far .. 
I lIal'O Been, strictly correct; the first oommcnccmen' 
haloing always been a little hocxl or wax; but 1 .ill 
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lI(,t here enter on thesedctails. "'0 IlCO how important. 
• part. ucnvation plays in the oonstnlction of the cells; 
but it would bo a great error to suppose that the bees 
("Snnot build tll) '" rough wall of wa.x in the ]Jropcr ]lOSi
tion-that. is, along the plane of intersection between 
t'II'o adjoining sphere!!. I have flCvemi spccimellll show
ing clearly that they can do this. E,'en in the rude 
tir<)llmferen\inl rim or waH of wax round a growing 
oomb, flexures may BOmetimCll be obscn'cd, corr(!8pond
ing in position to the planes of the rhombic ba.sall)lnte~ 
of futuro celb. But the rough wall of wax h811 inel'ery 
ca,;e to be finished off, by being largely gnawed away 
on both sidell. 111e manner in IIhieh Ille bees build is 
«Irious; they always make thefin;l rough wall from ten 
tohrenty timl'fl thicker than the exOCflSi,'ely thin finished 
nil of the cell, which will ultimately be left. We shall 
understand how they work, by 8uppo!!ing m88()1Ill first to 
pile up a broad ridge of cement, alld then to begin cutting 
it away cqllully on both sides ncar tho ground, till a 
_ooth, very thin wall is left in tho middlo; the IlIQ./1Ons 
always piling up the cut-awaycclllclIl, and adding fresh 
ftDlent on the summit of the ridge. We shall thue 
have a thin wall steadily growing npward but alv.·aya 
troW'ned by Il gigantic coping. From all the cells. 
both tholl(' ju~t commenced aud th060 completed, being 
IhM rrowned by a strong coping of W8X, the bees can 
~1JU;(rr and cmwl o,'er the comb without injuring the 
.'irate hl!xagonal walk Tbese lI'alls, R8 Professor 
]fill"r h811 kindlyatiCcrtilined for me, vary gtcatly in 
thio:-knel!3; being, 011 an average of twelve mea8ure~ 
ml'oLi mndo nenr the border or the comb, :rh of all 
iDt-b in thirknel;8; whcreas tbe baMl rbomboidlll}llatcs 
are thieker nenrly in tho proportion of three to two, 
_ring Il mcan thickn<'88,from twenty.one measurements, 
« ,h of lin iu{'iJ. By the above siugular manner of 

_ __ ...... _-""'8"10 x of .::"-'\es .J8IWIn .&n.!t 



284. SPECIAL INSTINCTS" 

building, strength is continually gi"en to the comb, with 
the utmost ultimate economy of Wal. 

lt eecna at finlt to add to the difficulty of under
standing how the cclls are made, that a multitude of 
bees all work together; one bee after working a short 
time at one cell going to another, flO that, 118 Huber 11M 
stated, a flCOre of individuals work even at the commence
ment of tIle first cell. I WIUI aLie practically to show 
this fact, by covering the edges of the hexab'Ollal walls 
of a single cell, or the extreme margin of the circum
ferentilll rim of a growing comb, with aD cxtrcmelythin 
layer of melted ,"ennilion wax; and I jlU"nriably found 
that Ule colour was most delicately diffused by tbe bees 
-ft8 delicately lUI 1\ painter could ha,"o dODO with his 
brlUlh-byatoms of the colouroo wax ha'"ing been takcn 
from the spot on which it had been placed, and worked 
into the growingedgcs of the cells all round. The work 
of construction seems to be a sort of bolanco struck 
between lllany bees, all instinctively standing at tho 
samo relatire disi.!lnco from cllch other, nit try ing to 
sweep equal spheros, nnd thcn building up, or lca\'ing 
ungnn1l'cd, the planes of intersection bctween tllese 
sphcrce. It was really curious to note ill CIl8CS of diffi
culty, M when two pieceil of comb met Ilt an angle, how 
often tIJo bees would pull dowil and rebuild ill differeut 
ways the saine cell, 80melimea recurring to a shape 
which they had lit first rejected. 

When bees hlll"e a place on which they <'an stand in 
their proper positions for working,_for iUSi.!Incc, on a 
slip of wood, Illaced directly under the middle of a comb 
growing downwards so that the comb hM to be built 
o'"cr one fuco of tIle slip-in this case the bees can Illy 
tho foundatiolUl of oue wull of" llew hexn.,,"'OIl, ill its 
strictly proper place, projecting beyond tIle othcr com
pleted cells. ]t suffices tIJat the bees should be enaLled 
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to stand at their proper relath'e di5tIlDCUJ from each 
oili('r anI) from tIle walls of the last completed cells, 
and then, by striking imaginary splleres, thoy CAn build 
up a wall intermediate between two adjoiniug spheres; 
but, as rar B8 I lune seen, they never gnaw all'o.y IUId 
.finish oft' tllO angles of a cell till Il large l'art both of 
tbat ('('11 and of tllc adjoining cells Iw been built.. This 
capacity in bees of laying down under certain circum
!Jtanccs IL rough wall in its proper placo betwocn two 
juat-commenced cells. is important, IU it bean 011 a fact, 
whil'h II('('ms at first quite sub"ersive of tho foregoing 
theory; namely, that the cells on tho extremo margill 

. J wasp-oombs are 80DIctimes strictly hexagonal; but T 
ba\'o not spnce here to enter 011 this subject. Nor does 
there seem to me any great difficulty in a single iD!!eCt 
(as in tbe easc of a queen-wasp) making hexagonal cellI!, 
if Bhe were to work alternately on the inside and outside 
or two or three tells commenced at tho same time, 
always standing at the l,roper relative di~tanco from 
the l'.1IU of tho cells just begun, sweeping spheres or 
cylinders, ILnd bn,ilding Ill' intermediate planes. 

As Ilatural aeloctioll acts only by the accumulation of 
slight modifications of structure or instinct, each profit
able to the individual under ita oonditioDll of life. it wILy 
ft'III;Ouably be asked, how a long ami graduated succes
llioD of modified arehitectural iDlltincta. all tending 
to1flll'dg tIle present perfect plan of construction, could 
have profited the progenitors or the hive-bee? I tliink 
the all~wer is IIOt difficult: cells constructed l,iko those 
of tho bee or the wnsp gain in strength, aud save much 
in labour and space, 8.lul in tIle wlLteri"la of which they 
are constructed. With respect to the formation or wax, 
it is known that bees are often hard Ilrcli8C<1 to b'et 
IUffic-it'nt u(!Ctar, and I am informed by Ur. 'J'ogetmeier 
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that it has been experimcntallyprol-oo tllnt from twelre 
to firtccn POUIld!! of dry sugur arc consumed by Il hire 
of I.lC<!8 for the secretion of each pound of WAX; 80 that 
R prodigious quantity of £Illid nectar must be collected 
811fl consumed by the bees in R IIj,"o for the IIOCrctiou of 
tho ,yaX necessary for the construetion of their oom1& 
Uorool'cr, many bees haye to remain ielle (or mllny days 
during tho )ltOCC:8!l of socr<'tion. A largo store of boney 
is indispensable to support !l large stock of beea during 
thowinler; and tliesecnrity of the hiro is known mainly 
to depend on II. large numOcr of bees being supported. 
Hence tho so.ying of wa."\: by largely SIll'ing hOlley and 
the timo oon8ume<1 in collecting the hOlley must be au 
imlJOrtant element of IlUccees to any (nmily of bees. Of 
0011I'l10 tho 1lUcce88 of the species mny be dependent on 
tho number of its enemies, or p8rnsitos, or on quite dis
tinct caulJO!<, and flO be altogether indepelldf'ut of the 
((lumtity of honoy which tho boe3 could collect. But let 
1111 8uppoBC that tllis latter circumstatlC(l determined, 1\8 

it probably olle!\ has determined, whethor n boo allied 
to OUf IlIl1nbl~boos could oxi~t in largo !Hunbefll in auy 
country; and let us further supp:>IIC that t110 community 
lil'oo t.hrough the winter, ami con8equently requirro a 
storo of honey: there can in this 0UI6 be no doubt that. 
it would be lUI adl'ant~<>'e to our imaginary humble-bee,. 
jf Il s1ig-ht modification in her illstinctil led her to mako 
her waxon cells llear together, lID IlIl to intersoct a lit.tle; 
for 8 wall in common el'en to two adjoiuing coils would 
save some littlo labonr and wal:. Donce it would con. 
tiullally be more and more advantageous to our h\Uubl~ 
bees, if thoy woro to make their oelli! more and more 
regular, Ilearer together, and aggregated into a mna, 
liko tho cella of tho Melipona; for in this enac n large 
part of the bounding surface of eoch cell would son'o to 
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bound the adjoiningcell.ll,and much labour and wax would 
be lin-cd. Again, from the same cause, it would be ad. 
nntageou8 to tho Uelipona, if she 'Wero to make her cells 
doeer togetl,er, aDd more regular in overy way than at 
present; for then, a.I! we hal'O seen, the sphericRI surfarea 
... ould wholly ,li8llppcar aud be replaced by IJlalio S\lr. 
laces; and the Arclipona would make a. comb lIS pcrfect 
u that of tho hivo.bee. Beyond this stago or perfection 
in architecture, natural selection could not lead; for the 
oomb of tho hh·o.bee, WI fa r M we can see, is Rbeolutely 
perfect. in ooonomising labour and wu. 

TbU!, WI I beliol'e, the most wondcrful of all known 
initin('ta, that of tho hive-bee. CIIII be C.lplaincd by 
u.lural scleclion baying taken advantage of numerous, 
llleoef18i\'c, Blight modificationa of 8impler instincts; 
IlatW'B1 selection having, by slow degroee. more and 
more perfectly led the bees to sweep equal sphct'(!8 at 
• gi'fell dislllnce from cach other in a double layer, aDd 
to build up and cxc/wate ihe wax along the planes of 
intersoction; the bees, of course, no more knowing tllat 
they s,,"ept their spheres at one particular distance from 
each other, than they know what are tllo 8evcralangles 
or the Ilcxngonal prisms and of the bnsal rhombic plates; 
the motil'O I)()WCr of tbe prooess of natural selection 
baring been tJlO construction of cells of duo strt'Ilgth 
IUId or the proper size and shape for the lame, this being 
eft't'rled with tho greatest possible ooonomy or labour 
aDd wu; that individual swarm which thu8 mnde tho 
beet cells with lenst labour. and leRSt waste of Iloney in 
the aecrction of W4X, having sueceeded best, and lu)Ving 
transmitled by inheritance their newly-acquired coo
DOmicnl instincts to nel,\, swanna, which in their turn 
will ha\'o had the best chanCo of succeeding in the 
ItnIgglo for existence. 
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ObjedjoIU to fIN Theory of Natural ~iIm (U appli«1. 
to In.ti1ll:b: Neuter and Simh I1UtCt,. 

It hAIl been -objected to tl16 foregoing vicw of the 
origin of instincts that "the variationa of structure and 
of iustinet must have been simultaneous and accurotely 
adjustOO 10 each otber, as a. modification in tllO one 
without an immooiate corresponding chAnge in tlle other 
lI'ould IIIl.Ye been fatal." The forte of this objection rests 
entirely on tho assumption that tho changes in both 
illstinct and structure are ail"'llt. To take All an iII~ 
trotion the ease of tho larger titmou8C (parus major) 
alluded 10 in tho last chapter: this bird often bolds the 
seeds of tho yew between its feet on a branch. and ham
mers away till it gets into tbe kernel. Now what special 
difficulty would there be in natural eclection Ilrescmng 
all the rdiglit individual variations iu the shape of the 
beak, which were better and better adapted to break open 
tiiO soods, until a. beak was formed, as weU constructed 
for this purpose lUI that of tho nuthatch, at tho samo 
time that habit, or oompulsiou, or spontanoous vnriatiolll 
of taste, led the bird to become more and more of a seed
cater? In thia case the bea.k is 8UpJXl8Cd to be slowly 
modified by natural selection, subsequcntly to. but iD 
aecordanoe ",ith, slo\\"ly changing habits or taste; bat 
let lho foot of the titmouse vary and grow larger from 
correlation with the beak, or from any other unknown 
cause, and it iii not improbable that such larger reet 
would lead the bird to climb more and more until it 
acquired the remarkablo climbing instinct and power of 
the nuthatch. In this CMC a gmdual change of s~ 
blre is supposed to lead to changed inlltinctive habit&. 
'1'0 tako ono more case: 'few instincts aro more remark
able lllnn that which leads the swift of the Eaatem 
hlAnda to make its nest wholly of inspiliSatod saliVL 
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&me bird. build their nests of mud, believed to be 
moi!tene<1 with saliva.; aud oue of the slI'ina of North 
.\werica makes its netrt. (as J have seen) of stick. agglu
tinated willl80li\'a, and e"en with f1akee of this sub6t&nce, 
Is if, theu .. cry improbable that the natuml lI('iection of 
iodi"idnal swifts, which secreted more aud more 8Oliva, 
1i1Ouid at last produce a 8peeiee with iustincts leading it 
to neglect other materials, flud to mako its neoSt exclu
lively of iuspissatcd snli"a? And 80 ill othercascs, It 
hlQllt, howe"er, be admitted that ill IlJany ifuitanCCEI we 
t:IIMO! conjecture IIhether i t was illlJtinct or structure 
which flNlt varied 

No doubt many instincts of wry difficult explanation 
I'QIlJd be oJlpoeed to the theory of natuml &Ch.-'diou
I'Uf>o1, in which we cannot IlOO how an illlltillct eonld 
JIO'tiibJ) lun'e originated; eases. in which no intertll~ 
diate gradations are known to exist; C8SCII of instinet of 
RIch trifling importance, tbat thoy could hnrdly l.uwe 
beP.n acted on by natural &cloction; cases of instincts 
~t identically tho same in animals 10 remoto ill tile 
.:ale of lIatUl'(', lhat wo cannot Ilecouut for their simi
larity by illheritanco from a oonllllOIl progenitor, and 
t'OtIIII'<}lIently must belie,"e that they were independently 
.eqwr......! through natural selection. J will not here 
.aler 011 theee 8Cl'eral cases, but will confine myself to 
.. special difficulty, which at first appeared to me 
_p"l'fIbJe, and actually futal to the wholo thoory. I 
alludE'!otheneutersorsteriIofemaleeinillllCClrcommu_ 
UtieI: for these neuters oftcn diffcr widely in instinct 
ud in strncture from botll the mnlC!! and fertile fem!iIes, 
IDd yet, from being IIterile, they Cn1l1l0t pl'Opngtlte their -The snby.ct well dcscrvl!8 to be discussed Ilt grellt 
~h, but 1 will here take ollly a single e8!lC, thut of 
warking or sterile auts- Holl' the workers hll"c been 

u 
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rendered glerile is a diffieulty; but not much greak>r 
than that of any other striking modillcalion of strocture; 
for itrnn besho,m thotaome inllElCtlland otilf'r ru1iculate 
animals in a state of nature occoaionally become sterile; 
and if such insects had been social, and it had been 
prolltable to tho oommunity that a number should hlL,-e 
bc<>n annually born capable of work, but incapable of 
procreation, I can BOeno especial difficulty in this having 
been clft)Cted through natural selection, But 1 must 
pass over Illig I)reliminary difficulty. 'I'he grcat difficulty 
lies in the working ants differing wi.\elr from both tIle 
malcsandthe fertilefemalcs instrocture, as in tlle silope 
of the thorax, and in being destitute of wiDgs and BOme
times of eyes. and in instinct. A.!J far 811 instinct oJOD6 
is ooncemed, the wonderful difference in this respect 
between the workers and the perfect female~, would 
IIM'e been beU('r exemplified by the Ili\'e-~. If. 
working ant or other neuter i1lSt'Ct hnd oc>en all ordinary 
animal, I should haye unhesitatingly assumed that oJl 
its dll"lrnet('rslll"ld been slowly acquired through natural 
selection; namely, by indh-iduala having been hom with 
slight profitable modifications, whiell were inherited by 
tho ol1'llpring; and that thCKl a.,oYftin nlTicd and agaiD 
lII'ero 8Clcctcd, and BO on'l'l"lU(lll. But with the working 
ant we have an in8CCt differing greatly from itl! parenti, 
yet absolutely sterile; so that it oould ne,'cr ha,-e traM

mitted luooetl8h-ely acquired modillcotiolll or structUJ'8 
or instillet to its progelly. It may \\"('11 be 81koo how it 
it posgible to reconcile this caso y,ith the thoory fI 
natural selection? 

:E'irsl, let it be remembered tlUlt we lmve inuumerable 
iustance", both in our domestic productions and in thOlle 
inn atatc ofnntufC,ofall.r.ortsofdil1'ercnCC!lofinherited 
structure whieh are oorrelated with ccrtaiu ages, and 
with either 8C.I. We ha"e difl'ercnceil correlated DOl 
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only willi one eex, but with that short IJCriod when the 
reproductivo 'Ytitcm ill active, as in tho nuptial plumage 
of many bird!, and in the hooked jawl of the malo 
IIllmon. We havo 6'1"en slight difJ'erenOOI in tho horns 
of difJ'",,{'nt breeds of cattle in relation to an artifieially 
imperfeet state of the male sex; for oxell of certain 
breffill ha\'e longer horns than the exen of othN breed"" 
relatively to tho length of the horns ill both the bulls and 
cows of these 8/l.me breeds. Hence I enn see no great 
diffieulty in nny character becoming correilltNIllith tllo 
Itt'rile couditioll of certaill membcn of inse<:t-commu
niti, : tho difficulty lies ill understanding how ~ueh 
oorrt'latoo modiliootion~ of stnleturo could ii/lYe been 
1lo1fly acc'umulatcd by natural selection, 

This difficulty, though appearing iusulJCmble, is less
ene<I, or, as I belie\"e, disappears, wIlen it is I'('nll·mbered 
that IW'lccti<m may be applied to the fnmily, R8 well 88 
to the indil'iduai, alld may thus gain the d~ired end, 
Thus, breedel1l of cattle wish the lIesh aneI fut to be welt 
marbled togethor j the animal h88 been slaughtered, but 
the breeder hIlS goue with confidence to tho SlIme stock 
and hM 8ucooedeol Such faith may be placed iu the 
p:l'll'erof selection, thatprooobly flo breed of cattle, alwa),s 
yieldiug oxcn with extraonlinarily long hOl"Il~ could he 
eIowly fonned by Cllrefully watching which illdiyillual 
bI!Ib and CO""8, ,,'heu matched, produced OlH'1l with the 
Ioagt"'ll horns; fllld )'et DO one ox 'Would m'er lIa'l"C pro
Jllg8ted its kind. Here ilia better "nd real illustration: 
ICCOniing to 11. Verlot, IIOme \'arietiee of tll(' double 
lImu!!.1 Btock of \·ariOllll colou1'llt from hexing !x-en long 
ean-fully ~clccted to the right degree. alwnys produce 
by III'(>d a largo proportion of plana beBring double amI 
qQite sterile nOW~l1lj 110 that, if the ,'ariel), had not 
likewUoP yieldro othen!, it "ould at OIlCO hBYO becomo 
ctinctj 'Lut it always yields somo sillgle and ferti le 
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]llants. whil'b differ from ordinary lingle varieties ollly in 
their power of producing the two forms. 1'hus the fertile 
plante pnxlucing single flowcl1I may be compared with 
the males and females of an nnt-community, and the 
sterilo double-flowered plante, which are regularly pro
ducOO in lnrge numbers, with tho mnny sterilo neuters 
of tho same community, Thus r beliC\'o it htL'! been 
with soci"l insects: n slight modi6cntion of structure, 
or of instinct, correlnted with the sterilo oollditioll of 
("Crtnin members of the community, hlUl been advnn
ttlgcons to the community: oon8e«u('ntly the fertile 
maIl'S all(l fcmales of the snme community flourished, 
and trnnsmitte<1 to their fertile offsllring a tendency to 
)lrodnce sterile members hal'ing the aline modification. 
And I beliel'e that thilJ proce8il hM been I'('peated, until 
tllI\t prodigiolls amount of difference between the fertile 
and sterilo females of the sallie spcci(·s hns boon pro
duced, whieh we see in so mnny social inli(.'('t.~, 

But \\"0 have not as yet tOllche<1 on the climax of the 
di11ieulty; namely, tho fnct that tho Ileutcrs of sOl'eral 
nnte diifer,llotonly from the fertilo fernnlcsand male.«. 
bllt from cadi other, sometimCfl to an alrnOlit incredible 
degree, and aTO thus di,'idcd into two or even three 
castes. 'rho castell, moreol'er, do not ~ncrally graduate 
into each other, but are perlecily II'cll ddinoo; being 
B~ distinct from each other lUI are an~' two llpocics of the 
snmo geuus, or rather as any two gt'nera of the SAme 
family. '['hus in Eciton, there are working and 8Oldil:'r 
neuteN!, with jaws and instincts cxtmordinarilr differ
ent: in (:'ryptocenl", tllo workers of ono casto alone 
enny n wonderful sort of s11ield on their head.", the tue 
of which is quite unknown: ill tho 1I1exieun .Myrroe
('OOy8t1l8, tho workers of one cMte ncl'er lctwo the net.t; 
Ihey are (('d by the workers of another caste, and they 
!J6\'O nil cnonnously del'e1oped abdomen which IJCercUlt 
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a BOrt of honey, supplying tho plnoo of that excreted by 
the aphides, or the domestic cahle 8Il they may be 
l'1Illcd, which our ;European ants guard and irnprison. 

It will indeed be thougl1t that 1 hnve /In overweening 
fl'ofidence in the principle of muurol selection, when I 
do not admit that such lIonderful and well-e>lablished 
Cacts at once annihilate the theory. In the simpler 
case of neuter insects all of one caste, which, us I bclie\'c, 
hare been rendered different from the fertile males and 
Ctmalcs through natuml selection, we may conciudeCrom 
Ih(l Rilalogy of ordinary ,'ariations, that the successive, 
~light, profitable modifications did not fin;t arise in all 
theocuters ill the same nest, but in some few alone; and 
that by the sun'iYaI of the communitics \Iith femaiC!! 
lI'hicll produce most neuters hflving the advflntageous 
1n00li!lcation, fill the neuters ultimately come to bu 
tblIlJ charscterized. Acrording to thia viow we ought 
~ionally' to find in the sanle nest neuter illSCCI.$, 
l>re..enting gradations of strncturo; and this we do !lod, 
even frequontly, considering Il0w fow neuter insects out 
of Enrope IUH'e been carefully uamined Mr, :F. 
~mitil h811 shown that the neuters of several Britisll anta 
differ snrpriBingly from each other in size and sometimes 
in colour; lind that tho extremo fOrlns call be linked 
... .gether by individuals taken out oC the IiIlllle ne:>t: 1 
ha,'o mYl!elf compa'rod perfect gradations of this kind. 
1t 80mctimes happens that the larger or tho smaller 
Wed workers are tho most nUlllerous; or that both large 
and smllll nrc numeroll8, whilst those of an intermediato 
iiii' arc IIClInty in numbera. Formica fla"a tas larger 
IIld smaller workers, with sollle few of intermediate 
We; and, ill this species, as Mr . .E', Smith has observe<l, 
the larger worken hM'e '8illll)10 eyes (ocelli), whidl 
tbough small can be pltlinly distinguished, whereas tile 
.maller workers htlve their ()C()Ui rudimcntary. IIaving 
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carefully dissectod several specimons of th(l8(l workers, I 
can affirm that the oyes are far more rudimentary in 
the smaller workers than can be accounted for merely 
by their proportionally ICSIICf siZ(); and I fully believe, 
tbough I dare not assert so p08ith'ely, that tbe worken 
of intermediate size have their ocelli in aD exactly 
intermediate condition, So that here we 11ft,\,e two 
bodies of sterile workers iu the Mmo nest, differiliS not 
enly in size, but in their organs ef villien, yet connect,,1 
by some few members in an intermediate conditien. I 
may digress by adding, that if the smaller werkcl"II haJ 
boou tho 1Il000t UBCful til. the community, and th680 lDales 
anel females had boon continually 86lootoo, which pro
duced more and moro of the smaller workers, until all 
the workel'll \lcro ill this condition j woshollid then ha .... e 
had fl species of ant with neuters nearly in the sarno 
condition with tllDee of ~lyrmica, :For tho workers of 
11ynnica hn\'o not o .... on nldimonts of ocelli, though the 
male Rnd femalo ants of tlliB genus have woll-de\'elopod 
ocelli, 

I may gh'e ono other Cfl,88: 110 confidently did I 
expect to find gradations in important pointe of structure 
between the different C8.iIles of neniers in the lOme 
8JlCCiell, that I gladly availed myllOlf ef lir, F, Smith's 
effer of nUlllefOua spooimens frem Ole same nC8t ef Ihe 
driYcr ant (Anemma) of Weet Africa. 'fhe rooder will 
perhaps Lest aPllrociato the amount of difference in 
these werkers, by my gi\-ing net the nctual measure
ments. but a strietJyaccllr9.te illultratien: the difference 
\\'9.8 the same al if we wore to 800 a set of werkmen 
builrling a hellle, ef whem many were fivo foot fonr 
inches high, and lOany suteou foot high; but \\'e moat 
I llllpo&O tbat the larger workmen had heads feur instead 
of three times as big as thOl(l of tbe smaller men, and 
jaW.il nearly fi\'o times as big. The jawlI, moroover, of 
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the working ants of the se\'cml sizes differed wonder· 
Cully in shape, and in the form and uumber of Ihe tooth. 
Bot the important fact COl us is, that, though the 
workers can be grouped into castCi of different 8iJ:C8, 

yet they graduate luscusibly into each other, as doca 
lIle wiJely .. diflcl'Cnt structure of their jaws. I speak 
oonfidoutly ou this latter point, 119 Sir J. Lubbock made 
drawinga for mo, with the camero lucida, of tho jaws 
.. hich I dissected from the workers of tho 8(l\'cral Bizes. 
Mr. &ttl, ill his mOllt interesting 'Natumlist on tho 
Amazonl,' hM dCIICribed aunIogous CD.SC8. 

With thCtlO fuets before me, I belie\'o that natuml 
Jelection, by nct..ing on tho fertile ants or paI'Cnts, could 
Conn Il sporiOll which should regularly produce nenters, 
either all of largo size with one fonll of jAw, or nIl of 
IIDail airo with jaws ha"ing a widelydilTorent stmclure; 
Of lastly, and thia is the climax of difficulty, one sct of 
.. orken of one Bize and structure, aud at the 8Il.Ille time 
another set of workerl! of a different size aud strllcture; 
-a grnduntcd serics ha"iug first been formed, OJ! in tlle 
cue of the driver ant, and then tho ellreme fonns 
baring been produced in greater and greater numbers, 
&hrough the sun,i\'nI of tho parents which generated 
them, until none with an int.ennediate structure were 
produced. 

.An analogons elplanation has been gh'en by Mr. 
W&!lace, of the equally complOJ: ease, of certain Ma
layan Buttcrflies regularly appearing undcr two or e,"en 
1hree dillonet female fOrnIs; and by lcritz ~Iullcr, of 
oeriain lll'llzilinn crustaceans likcwilll.l appearing undcr 
two widely distinct male forms. nnt this subjoot need 
aot.bere bediscU88C<i. 

I have 110"' explained bow, WI I bclic\'e, the wonderful 
r.et of two distinctly defined castes of sterile workers 
w.ting in the same nest, both widely different from 

tb..JortofCI~, a~,~.~ 



:!!)(i c...P.'·U. 

eaeh other ami from their parents. hM originatl!d. We 
can see how u~fu! their production may ha'l'"e been to 
a 80Ciai comuUlnity of ants, on the Fame principle that 
the di\'i~ion of labour is useful to cil'i1ised man. Anl~, 
howovl'r, work by inherited instincts anel by inlwrited 
orgnlls or tools, whilst man works by acquired know. 
ledge and manufactured instruments. nut I must 
confess, tlint, wi th all my faith in naturn! selection, I 
shoulcl ne,'or Iml'e anticipated tlUlt t!.is principle could 
hal'e been ellicieut in so high 0. degft!oC, ho.d not tho case 
of th(>80 neuter insects convinced me of tho fact. I 
hll.l'e, therefore, di8cussed this case, lit some little but 
..... holly illliufficient length, ill orner to lhow the power of 
nfllurnl !;I;icctiofl, and likewise because this is by far tho 
ln08t 8Crious ~pecial difficulty wili('h my theory luIS 
encountered, 'fhe case, also, is w!ry interesting, as it 
prol'CS that \I'ith animals, 311 with IJ!ants, lilly amount of 
modification may be effected by tho llCCumulatioli of 
numerous, dight, sJlontaneous varintioll~, which are in 
any way profitnble, without exercise or habit having been 
brought into r\BY. F or peculiBr habits confiued to tho 
workers or sterile females. howevcr long they might be 
followed,oould not possibly aired tbe malCtlllnd fertile 
femBle,wbich oloue lca'l'"e deseellclants. r am surprised 
thai no one 11M hitherto adnlnced this dcmonstrotil'e 
CI.I.S6 of neuter ilbOOts, against the well-known doctriDe 
of inherited habit, as ad"aDcOO by Lamarck. 

Summary. 

1 hAve cndca'l'"oured in this chaptor briefly to show 
that the mental qunli t ios of our dOIU(l8tic animals vliry, 
aud that tbo mriatiolls are inherited. Still more 
briefly 1 hayo attempted to lhow thllt instincts l'Ory 
~lightly in t\. Sl.iite or Ilature. No one will dispute tha, 
instincts are of the highe."t importance to each animal 
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Therefore there is no real difficulty, under elmuging 
OOllllltioll8 of life, in natuml selection accumulating to 
any extent slight modifications of instinct which are in 
any way useful. In &Orne cases babit or use al\(1 disuse 
bln'e prooobly COmO into 1)lay. I do not pretend thnt 
the facts gl,'cn in tlli.i chapter strengthen in 811Y great 
degree my thoory; but none of tho C6.'>C!I of difficulty, 
to tho best of my judgment, annihilate it. On the other 
hand, the fact that instincts are not alwnys nb301utcly 
perfeet and arc liable to miatnkC8;-that noin~tinct call 
be shown to hUI'o been produced for tho good of otller 
animals, though animals lake advantage of tho inl!tinctll 
of olhers j-that tho canon in natural bktory, of" ~atunt. 
11011 (lICit &aitUlIl," is applicable to ill~tinclB as well as to 
rorporeal Btrtleture, 81111 is plainly explicable on the 
foregoing I-jew&, hut is othcrwise iuexlllicaLlc.-all t(;nd 
to corrobomte the thoory of natuml I;I;:IC<!tiono 

This theory is, al.so. lItrengtllened by SOIllO fCII" othcr 
I'Acts in regard to instincts; as by that common case of 
e10ecly allied, but dilltinct, lIpecies, whcn inhabiting di~. 
taut parts of the world and living uuder considerably 
dift'"rent conditions of life, yet oftcn retaining ncarly 
the IIftme instincts. For insiance, we can understand, 
OIl the principle of inheritance, how it is tllIlt the thru~h 
of tropical South America liuetI its neet. "ith mud, in 
\he same peculiar manner tI8 does our nriti~h thrush: 
h<nt' it i8 that the ilorubills of Africa and India have 
the aame cxtraordinary instinct of plastering up and 
irnprieonillg tho females ill a hole in a tree, with only a 
...wI hole left in the plaster through which tho mruee 
teed them alld tho YOliug when hatched: how it is that 
the malo wrell8 (Troglcxlytee) of North Amoricn build 
"rocko ncet8," to roost in, like the malcs of our Kitty • 
.rens,-a habit wholly unlike that of any other kno"on 
bird. Finally, it may not be n logical Jl..Juo::tion, but 
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to my imagination it is far more satisfacwry to look at 
luch instulct! as the young cuckoo ejocting ita foster
brothcn.-ants making alaves,-the io.rvillof icblleutno
nidm feeding within the live bodiell of caterJlilllln,-not 
M .peciaHy endowed or crroted instincts, but as amall 
l'Ousoquen('C8 of one g<'norallaw,leadiug to the advance
meut of all orgnllic bcings.-1J8mcly, multiply, v!Lr)', 
let the strong(!9t lire and tho weakest dio. 
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cnAPTEH VIII. 

HTBaIDIlUf. 

D,ltineti,m belwem tho ~wrility of filll~ ero:.s and of bybri<b_ 
fl.t.,orilitynrioutlulll"gfOO.llOC.univ ....... l •• ff<'CtoJ.l.oycl""'illter
bnwo.Iin~, mno.-eol by domMicatioo - LaQ &"TeruinK the .teri
licyO(bybridl-f;terilityDOt&.)X'cial~ .... ment,bu.tlDCideotal 
on nth« dill'l!n'!IICle&, notaa:nmnlated by nIolUralllClK'tion
CallMlol'thell«:ilityoffintn.-andofbybrill.a_I'aralloliem 
ld_n the ell'..:ta uf changr.d eoJOditivnl 01' life and 0( cnaing 
-DilJlOqlhiam.odtrin:w.phiml-}'ertililyuf .. arini"'A'hen 
er<~ and of Ib~;c moogil'l ofIiIprill8 DOt unil'tral_ UybriJa 
anti mUIIFIa oomJllUlld indepmdeDtly of tbeic fert.ilily- Sum
='1. 

TilE view generally entertained by Ilaturalists ie that 
.pocie8, when illtercroesod, have been specially ondolled 
.. itlt sterility, in order to prevent thcir confusion. This 
vjf'W certainly IICCms at first higilly probable, {or species 
.ithin the salllO oountry conld hardly ha'·e been kept 
di,;tinct had they been capable of {reely crossing. The 
IUbjt.'Ct is in llIany waYB important for us, more espe
cially as the sterility of species when I1rst cl'088ed, and 
that or their hybrid offspring, cannot have been acquired 
by the eontinllwl presetTation of successive, profitable 
degte(il or sterility. It is, as I hopo to show, inci
dental on diffeI'Cnces in tbe reprodueti,·o system of tl\O 
po.rent-species, and is not either B specially acquired 
or endowed quality. 

III treatiligthiB subject, two c18S116!1 of facts, to a large 
utent fundnmeo1ally different, havo generally been con
founded together; namely, the sterili ty of two species 
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when first cro&Sed, (Iud the sterility of the bybrils pro. 
duretl from them. 

Pure species hat'o of course their organa of reproduc
tion in 11 perfect condition, yet when intercrosscd they 
Iltoduee either few or 110 offspring. Hybrids, 011 the 
other hand, bln'o their reproductivo organs functiono.lIy 
impotent, lUI mny be clearly seen in the state of the 
malo c lement iu both plants and lI11imals; though the 
formntiro organs themselves are perfect in structure, as 
far as tho microscope nl\'eal8. III the first case the two 
sexual elements which go to form tho embryo are per. 
feetj in the second CflSO they are either not at all 
dO\'clol,oo, or are imperfectly dOI'eloped. This distinc
tion iii importlUlt, when the cause of tho sterility. which 
is common to tho two cn.ses, hM to be considered. The 
distinction ]lrobobly has been 1I11lrrod Ol'cr, owing to 
tho sterility in both C&-"(';S being looked on lIB 1\ special 
endowment, beyond the provinco of Ollr l'Casoning' 
pOII"er!!, 

The fertility of varieties, that is of the forms known 
or belic\'ed to lilwe descended from COmmon parenta, 
when illtCrcl'08SCd, and likewi.e the fertility of their 
mongrel offspring, is, with reference to my theory, of 
equal importance with the sterility of 8Jleci~; for it 
seems to make a broad and clear distinction between 
nri(lticsand spcciC". 

Degrtt:l of &t1'17ily.-Firsl, for the sterility of special 
when crossed and of their hybrid of1'8J.lring. It is im
possiblo to study the 5e\'cral memoir!! and works of th086 
two L'Ollsc icntiOll8 and admirable o~r"ers, IWlrentor 
antI GUrtner, who almost devoted their lh'es to this 
SUbject., without being deeply impTCS8CrI with the high 
generality of some degree of sterility. liolreuter make. 
tho rule uuil'ersal j bnt then he cnts tho knot, for in 
tell cn..~ in which he fOllnd two forms, collsidered by 
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tn08t authors a3 distinct 8pecies. quite fertile together, 
he unhesitatingly mnks them as \'arielies. Gartner, 
&1110, makes tho rule equally nnil'eml; and ho di8putes 
tho entire fcrtility of K(ilreuler'll ten ea&e8. liut in 
these aud in many other caseI!, Gartner is obliged eare
fully to connt the seeds. in orJer to 8110w that thero 
is any degree of storility. no alwaYIL eomparea the 
maximum number of seeds produced by tllO 8pecies 
when first crossed, and the maximulll produced by their 
hybrid otrspriug, with the average number produced by 
Luth pure parent...f!lpecies in a state of Mturo, But a 
aerioU8 cause of error seems to mo to be hero intro
duced: a plant, to be hybridisod, must be cfI8tmted, 
aIld. what is onen nlore importaut, must be sooludcd in 
order to prevent pollen being brought to it by in8C(!ts 
from olher plants. :Kearly all Illo plalll8 experimented 
OIl by Gurtner were potted, and were kept in a chamber 
in Ilis hOIls(!, That these pl'OCC6iC8 aro orten injurious 
to tho fertility of a plant canllot be doubted; for 
Girtner gil'eIl ill his table about a score of CI\.SeS of 
plants whieh lie castrated, and ortifidally fertilised 
Tilh their own pollen, and (excluding all CfI8eS such as 
the Leguminosre, in which there is all acknowlodged 
diffieuhy iu tho manipulation) half of thC80 twenty 
plants had thf'ir fertility in some degree impaired. 
lIt>reover, all Gartner repeatedly cl'068Cd some forms, 
10th lUI tho CQllIniOli red and bhlO pimpernels (Anngallis 
UTl:n~ig aud COlrulea), which the beet ootanilllB mnk as 
Tari~tiC8, aud found them absolutely 8terile, we llIar 
doubt I\'hethrf many species are really 110 sterile, whcn 
iDtercro8S4!(l, as he believed. 

It is certain,oll tho one hand, that tho sterility of 
ftrious spocics when crossed is 110 diff('rent in degree 
uad gmduatca away 110 insensibly, and, on tho other 
band, that the fertility of pure species is 110 easily 



302 C""P. VIII. 

atTectOO. by variolls circumstances, that for all practical 
purposes it is most difficult to say where perfect fer
tility ends Rnd sterility begins. I think no better evi· 
denoo of this Clln be requirod than that tIle two most 
cltpericnood observcI'8 who have ever lived, namely, 
Kij!reuwr and Giirtncr, should have arri\"eo:t at dia
metrically opposite conclusions in regard to the very 
same species. It is also most instructive to compare--
but I have not space here to enter on details-the evi
dence adl'anced by our best botanists on the question 
whether certain doubtful forms should be ranked 8S 

spe<'ies or varieties, with the evidence from fertility ad
duccd by different hybridiscrs, Or by the sarno author, 
from experiments made during different years. It can 
thus be shown that neither sterility nor fertility affoMs 
any clear distinction between species and varieties; but 
that the evidence from this sollrce graduates away. 
and is doubtful in the same degree as is the evidence 
derived from other constitutional and structural dif
ferences. 

In regard to the sterility of hybrids in 8uccessi"e 
generations; tbo\lgh Giirtner WIl8 enabled to rear some 
hybrids, carefully guarding them from a eross with 
either pure parent. for silt or seven, and in one case for 
ten generations, yet he asserts positively that their fer
tility never increased. but generally decreased greatly 
alld suddenly. With respect to this decrelUlC, it may 
first be noticed that, when any deviation ill structure or 
constitution is common to both parents, this is of teD 
transmitted ill all augmented degree to the offspring; 
and both sCltual elemeuts ill hybrid plauts are already 
affected in some dcgroo. But I belieye in nearly all 
these cases, that tho fertility has been diminished by 
an independent cause, Ilamely, by too close iuter
brooding. I haye collected so large a body of facti, 
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showing on tho one hand that an ClOC'Mional crOl'Jl!l with 
a di~tinct indil'idual or variety inCre&8e8 the vigour and 
fl"rtility of the offspring. and on the other IUllld that 
nry clO:iO interbreeding iel!8Onll their l'igonr and fertility, 
that I must admit the oorrectneM of this almOl>t ulli\'ersal 
beli£'famongst breeders. Hybrids are seldom mised by 
eXIl£'rimcntAlists in great numbers; and as the 11tlrent
species, or otllor allied hybrid", generally grow ill tho 
Barno garden, the visits of illsects must be carefully 
preventOO during the flowering BCll8On: h(lnl'e hybrids 
will generally hMo to be fertilised during cn ... h genera
tion by their own illdi1'idnal pollen; Ru(1 this would 
probably be injurious to their fertility, already lCll8enoo 
by their hybrid origin. I am strengthened in this con
ril'tion by a remarlmble statement rer!68tedly mado by 
Gilrtn(lr, namcly, that if e1'en the letll fertilo Ilybrids 
be artificially fertifued with hybrid pollon of tho snmo 
kind, their fertility, notwithstanding the frequont ill 
effects from manipulation, IlOmetimes dceidf!<lIy increa8Cll, 
and gooa on iucfCMing. Now, in tho Pl'1)OO88 of artificial 
lertilisntion, llOllcu is as often taken by chauco (M I 
know from my own experience) from tho fluthcrs of 
mother flower, M from the anthers of the flower itself 
which is to be fertilised; 80 that a cr'088 between two 
10'll'el"ll, though probably often on the same plaut, would 
be thus efrooted. IUofOO.er, wlienoyer COllll)licatoo 
experimcnt. are in ProgreM. 80 eareful an observer as 
Gartner would hal'c castrated his hybrids, aud this 
would have eusured ill each generation a cross with 
pollen from a distinct flower, either from the same 
plant or from another plant of the same hybrid nat\lre. 
And dills, the strauge fact of an increase of fertility in 
the suC('esai1'o generations of artifici<d/!J jerlililtld hy
bride, in oontrastwith thoso spon1suooualYiClf-fertiliscd, 
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may. ft.9 I bdieve, be accounted for by too cloee inter
breeding baving been 8yoided. 

Now Il't U9 turn to the results arrh'ed at by a third 
rnO;tt ulICri('nl'ed hybridiser. namely, the Bon. and 
Hev. W. Herbert. He is as emllhRtie ill his conclusion 
fhllt some hybrids arc perfectly ferlii6-68 fertile as the 
pure paront-tlpecies--as are Kij\routcr and Giirtner that 
some degroe of sterility between distinct SpCciOll ill a 
univcrso.l law of nature. He experimented on some of 
tho n!ry Mmo species as did Ciinuel'. 'I'he difference 
in their results may, 1 think, be in part accounted 
for by Ucrbert', great horticulturnl skill, and by hit 
having hot-hou8etl at his command. Of his many im
)Klrtant statemenllJ I will here gil'a only a 8ingle one ftIJ 

an cl:fImplc, namely, that" C\'ery ovule in a pod or 
Crinum CIlIICIl8e fertilised by C. rovoilltum llroduced a 
Ilian!, which I lle'l"Cf saw to occur ill a Cil8e of its natural 
fecundlltion." So thllt here we 1111.1"0 perfect or e,·en 
more tlilln C()mmonly perfect, fcrtility ill a. first crOilB 
betwoen t ll'O distinct specics. 

'l'his CilliO of the Crinum leads mc to refcr to a 
singular fad, namely, that inrlil' idual plants or ccrtu.ln 
spef'iea or Lobelia, Yerbascnm and Pasaiflora, can 
easily be fertilised by pollen from a distinct species, 
but not by l)()lIen from the same plant, though tilia 
pollcn ('811 be proved to be perfectly IIOUDd by fer
tilising other plllDllI or species. In the genus Hip
pc.astnlm, in Corydalis III! shOl\'11 by l'rofelli!Or Hilde
brond, ill mrioUII orchids III! shown by Mr, Scott and 
l~ritz Mullcr, all the individuals nre ill this peculiar 
condition. So tllllt with some speciea, certain nbnonnal 
in<iividunls, nnd in other species aU the ind ividuals, can 
actual]y be hybridiscd mucll more readily thnn they 
can be fertilised by poUell from the samc individual 
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I,lant! To give one illi!lance, a bulb oC flippe88trum 
luliculll IJrOOucOO four floll'ers; three were fertilised by 
U('riJert with t1leir own pollen, and tbe fourth wIlfISlIbec
qu('ntly fertilised by the pollen ofa compound hybrid de
!;("('nded from three distinct species: the result WIIi! that 
"the oVll.rie80f the three first flowerasoon <'eased. 10 grow, 
and after a few dnys perished entirely, WhCTC!1l! the pod 
impregnRk:d by the po11eD of the llybrid made vigorous 
growth and mpid progress to maturity, and bore good 
\Ieed, whieh "cgetated freely." ALr. Herbert tried 
lIimiiar cxperimenu tInring many yrors, aud ahnl~'8 
with the SlIme retlu ll. With those l,lnnb in which 
~rtll.in indi\"idnnls alonc fail 10 hc fertilised by their 
O"WII pollen, though they IIppe6r quite healthy and 
although both o,'n lCf! and pollen are perfl'('tly good 
with refl!rellce to other species, ~'et tlu'y mllst be ill 
lOme lIay in IIll 1lnnatum! condition. '1'1111;0 caSC8 
lO('ml to show on ",bat slight and mysterious cauSC8 
tbe ICflSCf or greater fertility of II species sometimes 
depf·nds. 

The prnctienl ('xperimcnls of horti(,lIltllri~1.s, thOl1gb 
DOt made with scientific precision, d('8CrI'e some notiC('". 
It ill notorious in 110W oomp!i(,lIted a mallllcr the specics 
of ])elargonium, }~uchaia, Caiceolariu, Petunia, Rhoda
ikndr(m, l\:(", have been cl"Of!l!ed, yet mauy of these 
byhri..L!seedfreely. Forinstanee,H('rJx.rta88t'rt8 tl18t 
• hybrid from CAlceolaria int('gTifolia and plantAginea, 
1Jl'~'i('!! most \I'idely dissimilar in genem! habit, "repro
dU'~'d itselt os perf(:ctly as if it IlIId been a natural 
~i('8 from tho mOllntains of CI1il('." I han~ taken 
IOtnC pains to asccrtain the d('gN!(! of fertility of somc 
of tho ('oillpiex cr()88etl of Rhododendron~, and I am 
.... ted that lOnny of tl10m arc perfectly fertii(', ::\fr. 
C. :Soblt', for instance, informs me that he mises stocks 
'" grafting from a hybrid betll'een 111100. l;nticuUl 
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and CatawbienlM', and tllst thm hybrid "seeds 8.9 freely 
8.9 it is po8I!iblo to imagine." Had Ilybrids, wheD 
fairly treated, always gono on decreasing in fertility in 
('ach succ('88jYO goneration,8.9 Giirtner belioved to be 
tho case, tho fact would llave boon notorioU8 to IIUrsery
men. I1orticnlturiS18 raise largo beds of tho same 
hybrids, and such alono are fairly treated, for by insect 
a~ncy the several individuals of tho samo hybrid 
variety are allowed to freely CfOIIII witb each otlier, and 
tho injurious influence of c1011e interbreeding is thaa 
I)revcntod. Any ono may readily oouviuoo himself of 
tho efficiency of insect-agcncy by examining tho f!owen 
of tho more sterilo kinds of hybrid Bhododendrons. 
which produco no pollen, for he will find on their 
stigmas plenty of pollcn brought from ollicr floll"ers. 

In regard to animals, much fower cxperimcnts have 
been cardul1y tried tlHm with plants" If our aystcmatie 
arrangelnent8 can be t"lstOO, that is, if tho genera of 
animalB nrc a8 dilltinct from eadl other as are tho genera 
of plants, then wo may infor thnt animals mOre widely 
aeparated in tho scalo of nature call be 1U0rc e8ilily 
crossed. than in tho case of llianta; but tho hybrid. 
tllemseh·cs are, I think, more sterile. I doubt whether 
any case of a padootly fertilo hybrid animal can be 
oonsidered as thoronghly well authcnticated. It should" 
howe'"er, be borne ill mind that, owing to few animalt 
breeding freely under confincment, few experiment. 
IlavQ boon fairly tried: for instancc, the canary-bird 
Ilas been crossed with nine other finches, but, as no& 

one of these nine 81)CCic8 breeds freely in confinement. 
we hal·C no right to expect that the firllt CI"'069C8 b&
tween them and tho canary, or thnt tllcir hybrid-, 
should be penectly fcrtile. Again, with relpect to the 
fertility in successi,·c generations of lIlC more fertile 
hybrid animals, J hardly know of an iliswuC(' ill which 
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'.0 fumili(!l of tbe fIIllne llybrid have been rniaed at the 
.me time from different parente, IJO as to a"oid the 
ill effects of close interbreeding. On the contrary, 
brothel1I nnd sistel1l have usually been crossed in each 
A«'6S8i"e generotion, in oppoeition to the condantly 
('('pealed admonition of o\-ery breeder. And in this case, 
it is not at an surprising that tIle inllerent sterility in 
tbI' hybrids would have gone ou increasing. If we 
were to act tboa, and pair brothel1I and sisters in 
the CIlSC of any pure animal, which from ally caU86 
had the least tendency to sterility, the breed would 
.-uredly be 1000t in a fow generations. 

.'-!thongh I do not know of nny tllOrollghly well· 
&lItilcnticatoo C~ of perfectly ferti le hybrid animals, I 
have renson to believo that tIle hybrids from Cervulus 
nginalis and Ree,'ooi, and from Phll.8ianus colchieus 
with P. torqllatua, are perfectly fertile. It haa lately 
_n IIS8I:rtOO that two sllch distinct specie. WI the haro 
aod rabbit, when theyean:be got to breed together, pro
d~ almOllt perfectly fertile olf.ilpring; but this state
Ile'lt i8 aa yet nry doubtful. The hybrids from 
lIIe common and Chinese geese (A. cygnoidcs), spe<:ie. 
.hich are 80 different that they are generally ranked 
ira distinct genera, have often bred in this country with 
either pure lllU"C:nt, and in one single illl!tauce they havo 
lftd inlet' 16. This Will effected by Mr. Eylon, who 
raierd two hybrids froID the same parents, but from dif· 
IerEont hatches; and from these two birds he raised no 
.. than eight hybrids (grandchildren of the pure geese) 
from one nest. In India, hov.cver, these cl'OIIS-bred 
geftIe must be far more fertile; fot I am 988Ured by b 'o 
e&inently capable ju(iges. namely l\[r. Bl)th and Capt. 
Batton, that whole DocluJ of these cI'06OOd geese are 
kept in ,·arious parts of the couutry; and WI they are 
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kept for llrofit, wllcre neither lJUNl parent~I'(l('ies exists, 
they must certainly be highly or perfectly fertile. 

Tho nuiollil races of each kind of domesticated ani. 
mal nre quite fertile when cf'08Se<l together; yo, in 
mnny cases they nre descended from 111'0 or more wild 
speck'S. .From tlLis fact we must conclude either thnt 
the aboriginnl parcnt-speciCtl produced Lit flrijt perfectly 
fertile hybrids, or that tho hybrids 8u~uellUy fe8r«1 
Ilnd('r dOIll('sticnlion became quito fertile. l'ilis lattl' f 
alternative, which was fin;t propounded l>y Pallas, seenl~ 
tbe 1U000t probnblc, and ClIU, il1dC!«l, hardly be double<.!. 
It i~. for instance, n[nlOst certain iliat Ollf dogs are de
IlOCnded from severnl wild litocb; yet, with pcrhflJ16 the 
CXCCI)tion of certain indigenous domestic dogs of South 
America, all are quite fertile together; and analogy 
l\lakes me greatly doubt, wllether the SCleral uoorigillul 
@pecies\\ould at nn;t IlIl.\"e freely bred w.;tther !lnd have 
pl1!(iu('ed quite fc·rtilo hybrids. &> lignin 1 have lately 
acquired dC('i.o;inl eyj,jence that the cro;;sOO off~pring 

from tho Indilln humped Ilnd comUlon cnttle nre illierN 
perf(;'(·t\y fertile; and from the ob;;crmtiollil by Hftti
meyer on their important osteological difference<, as 
well lUI from those by Mr. Blyth 011 thtir differellCO'! in 
habiL\ mice, constitution, &c., these two forln! must be 
regnrdeol lUI good \md distinct spccit"ll R.!I any ill the 
worlcl Aeeording to this \'iew of tile origin of mnny 
dommie (lUimals, we IllU~t either gil'e up the belid uI 
the almost ullh-ersal sterility of di.,;tiu!:t HI>eeiCl!: of ani
mala 11'111'1\ eroili!C<l; or we must look at aterility, notu 
0.1\ indelible characteristic, hut 118 one cnpllhle of J.K,iug 
removed hy domestication. 

Finlllly, considering all the ru;ccrtnill~l fuct.-l 011 the 
int.oreros.qing of plnnts and animals, it lllny be C'OJto 

eluded that somo de::,rree of sterility, both in first Cf"OlMS 
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and in hybrids, is lUi extremely geneml result; bllt tllst 
it C1Iollnot, under our present state of knowledge, be COIl

Bidered 8I!sbilolntely universal. 

Lllc, govtrTlillg 1M Swilify of fir$/. Oroua 1100 of 
IIybrido. 

We will now consider a littlo more in detail tho 
('ircumstallCCS and rules governing tIl(> sterility of first 
\'!'O>i(>S and of hybrids. Our chief obj..:<:t will be to 
_ whf'ther or not tho rules iudiCflto that @)(>(:ies hSH~ 
KJK'I.'ially been endowed witll this qualit~" in oruer to 
pren'lIt their crossing aud blendiog together ill utk'r 
romfllsion. Tho following rulea and oouclusioIl9 are 
chieHy drawn up from Girtner's admirable work 011 

the hybridisation of plo.nts. I IU'I\'e takell lIIuch poiuB 
to ascertain how far the rules apl)ly to animal", and, 
('''u~ideriug how scanty onr knowledge is ill regard tv 
hybrid auiJuais, I 11(1,\'0 been surprised to fiud how 
boi:nernlly the 8nme rules apply to both kingdoms. 

It has been already remarked, that the degree of 
htility, both of first crosses and of hybrids. graduates 
from zero to perfoot fertility. It is surprising ill how 
many curious ways this gradation cau be shown; but 
only the oorcst outline of the facls C811 here be gh·en. 
When l)Ollen from a plant of olle family is placed on 
the stigma of a plant of a distinct family, it elerls no 
more inAucuce than 80 much inorganic dnst. From lhis 
.lo$olutell:erooffertility,thel)OlIenofdilfcrellt~iC8 

01 the sallie genus applied to tho stigma ol some oue or 
the spt:'Cio~, yields a perfoot gmdation in the number 
uf seeds produced, up to nearly oomplcte or oren quite 
romplcte fertility; and, as we ha\'O well, in certain 
Iltoormal C88eS, oven to an el:ee!iI of fertility. beyond 
&bal wbieh tho plant's own pollen produces. So ill 
hybrids thcmselres, there aT() SOU1O whieh nover hare 
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produrod, aud probably ne'er would produee, even with 
the pollen or the pure parents, a ,iogle fertile 800d: bn~ 
in 80100 of t11e-6 cases a first tnteG of fertility may be 
detected, by the polleD of one of the l)llre parent-flpecice 
callaing the flower of the hybrid to wither earlier than 
it othorwi80 would ha.e dono; and tho early withering 
of tho flower is well known to be a lign of incipient fer
ti li8l1tion. }~rom thil e.r.tremo dl!grco of rrtl!rility we 
ba.o !leU·fertilised hybrids Ilroducing a grctI.tor and 
gr-enter number of seeds up to l)Oncet fertility. 

llybridl from two speeiCi which Rre very difficult 
to eroes, Rnd ", .. hich rarely produoo any offllpring, are 
generally very sterile; but tho parallelism between the 
difficllhy of making a first. CJ'06S, And tho sterility of the 
hybrids tllU8 produced-two c1DS8e1 of facta which are 
geueralJy confounded together-is by no mClUlll strict. 
Thero are many cases, in which two pure 81)(ICie<!, as in 
the gelllls Verbnscum, can be united with unusual facility, 
fond prodllCO numeroUll llyLrid-offspring, yet these hy
brids (lro remarkably sterile. On the other hand, there 
are species which can be cf088O(l .ery rarely, or with 
extreme difficulty, but the Ilybrida, when at IlIlIt pr0-
duced, are "ery fertile. E.en within the limita of the 
f18me gonus, for instanoo in Diantlll18, thete two opposite 
CQ6efIoc'('ur. 

The fertility, both of 8rst eroaea find of hybrids, iI 
more OOIIily affected by unfavourable conditions. than 
is tho fertility of pure spocie& nut the degree of fer-. 
tility is likewise innately ,'ariablo; for it is not always 
the mmo whcll the sume two species are el'088ed under 
the sume circumstances, but dependl in pnrt llpon the 
collstitution of the individuala which hflppen to have 
OOeu ehoecn for the experiment. & it is with hybrids, 
for their degree of fertility is oneil found to di.ffer 
groo.tly in tbe 8e\"eral individuals railed from seed out 
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flr the lame capsule and exposOO to tllO same 
ditioo8. 

Uy the term 8J11tematic affinity is meallt, tho resem
blance bet\\"oon species in structure and in constitution, 
more &I1M'lCial1y in the structure of pam which are of 
bigh physiological imJXlrtance and which differ litllo 
in the l111iod species. Now the fertility of first crosses 
between sllCCies, and of the hybrids produced from 
thl'm, is lurgely govcrned by their systematio affinity. 
This i8 clearly shown by hybrids lIever hln-ing been 
raised oot""een spec:iCII ranked by systematists in distinct 
families; and on the other hand. by ,·ery clOllCly allied 
speciea gt'neralJy nniting with facility" nut the corte
~pondence betlfecn sy,;temlltie affinity and the fllcility 
of crosBing is by no means strict.. A multitude of Ca8C8 

oould be given of very cloeely allied spooiee which will 
not unite, or only with extreme difficulty; and on the 
other hand of very distinct speciea Wllich unite with the 
utmOilt facility" III tho same family tllere may be a 
genus, as DianthU8. in which ,·ery many species can 
mOlll fOftdily be cfOlllll'd; and another genus. as Silene. 
in which 010 mOllt pel"8e,"ering efforta ha"e failoo to 
produce between extremcly clO6O species a singlo by
brid. Even 1\"ithil1 the limits of the same genus, we 
meet with this IIILme difference; for iIUltance, the many 
lpecies of Nicotiana have been more largely el"O&iCd 
than the species of almost any other genllS; but Girtner 
found that N. acuminata, which is not a particularly 
d.i8tinct spccice, oi.<tinately failed to fertililiC, or to be 
fertilised by. no leM than eight other 8JlOOiCii or Nioo
mua. Many aMlogou8 facts could be gil'en" 

No ono hM been able to point out wllnt kind. or what 
amouut, or difference in any recognisable character is 
IUfti('ient to prevent two speeieiJ croesing. It enn be 
mown that lliants mOllt widely different in habit and 
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general aJlPearance, and La,-ing strongly marked differ
t'lll't'fl in en'ry part of the flower, even in the pollen, in 
Ihe fruit, and in the cotvledoll8, can be cr'08iled. An
nual and I)(,Tennial pla~tll, deciduous lind evergreen 
t~, plants inhabiting different SIMions and fitted for 
e:dremely different climates, can often be crossed with 
ease. 

By n reciprocal eross betwccn two spccics, I mean 
the case, for instance, of a stallion-horse being first 
('r08SC1I with a female-1lSIJ, and thcli a mlll&ass with a 
mare: thCIIC two SI)(lCies may tllcn be Mid to ha,'c be(;n 
reciprocally crossed. There ill often the widest possiOie 
tlilT"renee in the facility of making recillrocal Cf0i!8('8. 
!-intIl cases are highly imporuml, for they prove that the 
(,Illl{lcity in IUly two species to Crol!8 is often oomplelel~' 
independent of tbeir 8~'stematic affinity, or of any 
llifTl'rcnce in their whole orgunil'ation, uceJlt in their 
reprodur-til'e systems, The diversity of result ill reci
procal cro&<cs between the IIIl.me two species \l'R8 IOllg 
flgo olNn'L.J by Kolrelltcr. To gi,'c nn instance: Mi
rahilis jalnpll' CIl.n easily be fertilised by the IKllIen of 
:\1. lougiflom, and the h~'bridg thus produecd are lIurn. 
cil'ntll' f('rUle; but nolreuter tried more than two 
hun"~ tim(l!l, during eight following years, 10 fertilise 
re<'ipl'Ol'ally .n. longiOora with the pollen of M, jalap., 
and nttNly failed, Se'feral other equally striking Cftl!e,l 
could be ~i\"el\, Thuret has obscn'ed tbe 88.lIIe fact 
wilh ccrtain sea-w!'ed8 or Fllci. Gurtllcr, more<n'er, 
(ound that thig difference of facility in milking reci
procal Crf'I88efl is extremely common in a lesser degree, 
He lias obscn'cd it even betwccn cJoecly related fOI1Jll 

(ns Mnlthioln nUllua and glabnl) whieh mally botanists 
rank ollly as I'arietics. It is also a remilrkable fllct, 
that hybrids raised from reciprocal c~ though of 
couroe compounded of the "ery sallie two 'peciCI', the 
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one apecies !u""ing first bet>n lllI(!(i as tlle fathe r and 
thpll as 1110 mother, though they rnrely differ in erternal 
ebartl("tera, yet gcnernlly differ in fertility in a small, 
and OOO!I.!!ionally in a high degree. 

Several other singular rules could be given fronl 
Girtner: fo r instance, some species have a remarkable 
power of crossing with other speciCfl i other species of 
the SAllie genU8 have a remarkable powcr of impl"C!!Sing 
th('ir l ikenC88 on their hyhrid offspring; but these two 
Il()'\"t!rs do not at all neee!'SILrily go together. 'l.'here aro 
l'<'rtain hybrida which, instead of haying, 88 is usual, 
an intennooiate character between their two parenta, 
always closely reeemble ono of them; and 811Ch hybrids, 
Ihou!!h extcnlally 80 like one of their pure parent
!pt,<,ies, are with rare exceptions extremely sterile. So 
again amongst hybrids which aro usually intermediate 
ill stmctllfe betweell their parentll, cxceptioWlI and 
abnonlJRl individuals sometimes are born, which closelv 
l"('!!I'mblo ono of their ]lllre parents; and these hybrids 
aro almost always utterly sterile, (,"en when the otller 
hyLrids raised from Heed from the same capl:!IIle ha"l""o a 
C<lIl..1!idenlble degree of fertility. 'l'hcse facta show how 
completely fertility in the hybrid is independent of ils 
elt!'rDal n"'8emblaDOO to either pure pnrent. 

Con8idering the 9Cveml rules now gh-en, II'hich govern 
Ih£' fertility of fil1lt CJ"068C8 and of hybrids, we 8C6 that 
wh£'11 furm~, which must be considtred all good and dis
tillet @pcc.ie~, are united, their fertility graduatetl from 
seroto Jlcrfect ferlility,orel'ell to fertility uuderoerlain 
couditiolls in ClCCI!II. 'i'hat their fertility, besides being 
eminently slIsceptible to favourable and ullfu,"ourable 
condi tions, is innately variable. 'i'hat it is by no means 
always the snIDe in degree in the firsl Cr0&8 and in the 
hybrids prod\lced from this CT08II. That the ferlility of 
hybrids iB not rclatN to the dcgroo in which they 
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resemble in external appee.renoo either parent. And 
IMtly, that the facility of making a first crou betwC('n 
lmy two IJpeciea is not 41waYB go"crned by their sys
tRlllntic affinity or degree of resemblance to ooch other. 
'l'hi8 latter stntement is clenrly proved by the differ('noo 
ill the rt"IIultol reciprocal erosses betweell the 8nIlIe two 
8Pf"des, for, IICOOrding ft8 the olle apedee or the other is 
IUCd III the father or the mother, there iii gellemUy 
80llle differenl'e, and oeen.sionally the widetlt possible 
difference, in the lucility ol effecting an union. The 
hybrids, moreover, llroduced from reciprocal Cf'088Cll 

often differ in fortility. 
Now do these complex and singulaf rtllC8 indicate 

that . peciea have been endowed with 8terility simply 
to prevent their becoming confounded in natnre? I 
tllink not. For why shonld the sterility bellO extremely 
different in degret', when nl.riou9 llpecies arc crossffi, all 
of wbidl we mUllt 8ullpoae it would be equnUy important 
to keep from bJeliding together? Why should the de
gree of sterility be iunatf'ly variable in the inclividuala 
of the same rpedee? Why should IIOme 8pedea CI"Ollll 

with facility, and yet produoo "ery sterile hybridll; and 
other species ClOL'lll with extreme difficulty, and yet pro-
duee fairly fertile hybrida? Why should there often 
be 80 great a difference in the result or a reciprocal 
enlllJ betweell the Mme two ~peciefl? Why, it may 
e,'ell be Illlked, hns tlul produetion of hybridll been 
pennitted? '1'0 gTllnt to specieB the special power or 
producing hybrids, and then to stop their fnrther pro
I~tion by di1f..,rent degrees of sterility, 110t strictly 
related to the racility of the tirst union between their 
parent!!, seemll a 8tTange arrangement. 

1'he loregoing rulel and facls, on the other hand, 
appenr to me clearly to indicate that the rrterility both 
of ftrflt crossea and or hybridll ia simply incidelltal or 
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dependent on unknown differences in tlleiT reproduc
tive systems; tLe differences being of 80 peculiar and 
limited a nature, that, in reciprocal crosses between the 
8!lme two species, the male sexual element of tile one 
will of tell freely act on the femalo sexulll element of the 
otLer, but not in a reversed direction. It will be ad
visablo to e.Kplain a little more fully by nil example 
what I mean by sterility being incidental on other dif
ferences, aud not a specially endowed quality. As tLe 
ClIpacity of one plant to be grafted or budded on another 
is 80 unimportant for its wellare in 1\ state of nature, I 
presume that no one will suppose that this capacity is a 
apectallyendowed quality, but will admit that it is inci
dentul on differences in the laws of growth of tho two 
plants. 'Vo can sometimes see the rellllOn why one troo 
will not take on another, from differences in their rate 
of growth, in the hardness of their wood, in the period 
of the flow or nnture of their sap, &c.; but in II multi
tude of cnses we can assign no reason whatever. Great 
diversity in the size of two pllllltS, ono being woody 
and the other herbaceoUB, one being ol'crgreen and 
the other deciduous, and adaptation to widely differ
ent climates, do not always prevent the two grafting 
together. As in hybridisation, !!O with grafting, the 
capacity is limited by systematic affinity, for no one 
110.8 been able to graft trees together belonging to quito 
distinct families; alld, on the other hand, closely allied 
species, and varieties of the Bame species, can UlIUally, 
but not invariably, be grafted with ease. But this 
capacity, as in hybl'idisation, is by no means absolutely 
govcl1led by systematic affinity. Although mallY dis
tinct genera within the same family havo been grafted 
wgcther, in other cases species of the same genus will 
not take on each other. 'I'Le penr can be grafted far 
more readily on the quince, whieh is raIlked oa a dis-
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tinct g<'nu8, than on tho apple. which ie " member of 
tIU) Mnu~ genus. Even different ,"arieties of tho pear 
take with dilT~'",nt degrees of facility 0[1 the quinoo; 80 
do different varieties of the ")JricoL aud peach 011 certain 
\'Illielie!! of lhe phlm, 

All Giirtuerfoundthatthere wR880melime8Ruinnate 
difference in different individual, of tho MIme two spe
cies ill cl'OSIJing; !<O Sageret believes this to he tho cllse 
with diif('rent individuals of the 8Ilme t\\'o apeciC!l in 
being grnftod together, As in redllrocal ('l'O88{>9, the 
facility of em~('ting an lUlion is of'k>n "cry far from 
l'qllal, 80 it IIOwetiDle8 is in wafting; the common 
f:,'()():>Cberry, for instanoo. cannot be grafted on the cur
rant, whereas the Cllrrant will take, though with diffi
culty,oll the gooseberry, 

We Illwo Been tllst the aterility of hybrids. which 
bM'e their n'(lroductil"c organs in an imperfect con
dition, i8 a different case from the difli('ulty of uniting 
two pure speeieR, which hal'o their rcproducth'o organg 
perfl>et; yet these two distinct cnse~ run to a certain 
uleut (lamllel. Something analogous ocellltl in graft
ing j for 'I'houin found that three Spoci08 of Uobinia, 
which 8ee(iM fret'ly ou tbeir Olm roots, and which could 
be grnft('<i with no great difficulty on another species, 
11 hen th\l~ grafted were rendered berr~n, On the other 
baud, certain 81)('Cies of Sorbn&, when grafted on other 
E'1)('('il'~, yielded tll'iCE' as much fruit as when on their 
01111 roots. We are reminded hy this latter fact of 
the extraordinary cases of Ilippen.strum, Passiflora, &c" 
which BCC<1 much more freely when fertilised witll the 
pollen of a distinct species, than when fertilised with 
pollen from the same plllnt, 

We thus see, tLat,although there ill II. elearand great 
difference betWCCI\ the mere adhesion of gl'llftcd stocks. 
and the union of the male and fcmalo elementl! in the 
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act of reproduction, yet that thero ill a rude d<'gree of 
llarfillelism in the results of grafting and of CfOIl8ing dis
tinct IIpcciCl!. And!13 \1\"0 must look at the cUr1<ms and 
complex Inw8 go,·enliug the facility \lith \lhich treee 
("11.11 bo gmnt.·<J on each other lUI incidental on unknown 
ditTcrellcee in their vegetati,'c systems, 80 1 belie"e that 
the still more complex laws govenling the fa('ility of 
first Cr0s8('8 ate in("idcntal on unknown dilft)renc('8 in 
their re)lroducti"l"o sybtems. Thf'Se dilf('rel\ce~, in both 
C8S61!, follow to a oertain ('xtent, !13 might luno '*en 
~xpeclcd, systematic affinity. by which ('ver~' kind of 
resemblanoo and dUssimilarity betw('('n organic lK-ing8 
is attempled 10 00 exprf'SSed. '1'he ~acta b~' no means 
seem to mo to indicate that the f!reater or le.;oO("'r difli· 
eulty of either grafting or cl"QS!ling \"8ri01l8 speeiC":8 lUIS 
been n ~1K!Cial endowment; although in the caBC of 
cro~~ing, tho difficulty is B.'I important for tIle {'ndurallce 
and ~fo.bility of specific forms, as in tho CMC of grafling 
it is ullimporlontfor their welfare. 

Ori9in and CaIlJell of tM Sterility of fint Crosses and 
of Hybrida. 

At ODC time it appeared to me probable. 8.8 it hM 10 
others, that tho sterility of first ef'OiJllCll awl of hybrids 
might han/be~~D slowly acquired through the natuml 
!;..Jeetion of slightly ICI(I('ncd degrece of fcrtility, which 
~polltanoollllly appeared, like any other variation. in 
certain individuals of one variety whcn crosscd with 
another variety. For it would clearly bo u(J\<antagrolls 
to two ,'arictice or incipient species, if they could bo 
kellt from blending", 011 tho same principle tilat, when 
man ill selecting at the same tillle two ,'arietie ... , it is 
nf'Ct.."!Il!8ry that he @bould keep them 8Cpnmte. ln tho 
fi",t place. it may be remarked tbat distinct rrgiullll are 
often inhabited by gronps of Speci08 and by single 'pc-
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des which when brought together lind crossed are found 
to be moro or 1C68 sterile; now it could clearly ha\'e 
been of no R<h'antage to such sepamted specie. to ho\'e 
been rendered mutually sterile, and oonsequently this 
could not have been effected throuj!;h natuml eclection; 
but it may perhaps be argued, that, it a !peciee were 
rendered sterile with IIOme one compatriot, sterility with 
other species would follow as a necessary contingency. 
In the second place, it is almost as milch oppo!lCd to tho 
theory of natural selection as to that of special creation, 
that in reciprocal ClOl!Sell the male element of one form 
should be rendered utterly impotent on a IIOOOnd form, 
whilst at the same time the male element of thillllOOOnd 
fonn is enabled freely to fertiliiJ8 the first form; for thill 
peculiar stale of the reproductive llyalem could not 
poesibly be advantageous to either species. 

11\ conllidering the probability of naturul &election 
having come into action, in rendering 8])(!(;iee mutually 
sterile, OliO grant dillicnlty will be found to lio ill the 
exist('nco or many graduuted steps from slightly lessened 
fertility to nbsoillte sterility. It may be admitted, on 
the principle above explained, that it would profit an 
iucipient /lpedell if it were rendered in IIOme IIlight 
degroo 8terile when ClOIiIled with itl parent-form or 
with iOme OUlCr ,'arietYj for thus fewer bastardiaed 
and deteriorated offispring would be produced to com
mingle their blood with the new IllCCiee in proocss of 
fonllCltion. But he who will take tho trouble to reflect 
on the ,reps by which this first degree of sterility could 
be incrt!aIC<l through numml selection to thot high 
degree which is common wilh 80 mOllY spooies, and 
which is universal with species which ha,'O been differen
tiated to a generic or family rll.Ilk, will find the 6ubjoct 
extraordinarily complex. After matnro reflection it 
8OOl1lI to me that thia could not ha\'c been effected 
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through natural selection; for it oould have been of no 
dircclll<hantage to au iudi"idual aninllU 10 breed badly 
with allothtr indi,;dual of a different variety, Hud thU8 to 
leal'e few offllpriug; consequently Bueh indh'iduals could 
not have been preserved or selected. Or take the case 
of two species which in their prE!8CntBtate when crossed, 
l)roduoo few and sterilo offspring; now, what is there 
wiliell could favour the survival of thOllC individnals 
wllieh happened to Ue endowed in a slightly higher degree 
with muhllli infertility, and which th\llj approochoo by 
ono small step tOl\'ards absolute sterility? Yet an 00-
HUlce of this kind, if the theory of natural selection be 
brought to bear, must have inceesautly occurred with 
mau)' species. for a multitudearo mutually quite bun:m. 
With sterile neuter insecta we hM'C I'C88On to believe 
that modiflcatioll8 in their structure Bud fertility Jla"e 
been slowly accumulated by natural selection, from au 
admuwge hal'ing been th\llj indirectly given to the com
muuity to which the'S' belonged over other communities 
of the mine species; but an individual animal not be
longing to a 80Ciai community, if rendered Blightly 
sterile wholl cros;;ed with 80me other variety, would 
not thl18 itlJelf gain any e.d\"antage or indirectly gi-\"eany 
ad"alltage to tile 01her indh'idnala of the same vari(>ty, 
tbua I(>ading to th<:ir preilCrvation. }'rom these consi
derations 1 illfer, as far as animals are conoorned, that 
010 various degrees of lessened fertility which occur 
with spccil.'8 when crossed caunot have been alo"'ly 
aocumulntt!d by mt!aDll of natural IICloction. 

Witll plants, it is possible tlmt the case lIIay be IIOme
wllnt different. With mnny kinds, illsects coDstantly 
carry pollen from neighbouring planls to the stigmas 
of enell floller; and with BOme species th is ia effected 
by tho wiud. Now if the pollen of II. \'tlridy, wh!!11 
dep08ited 011 the stigma. of the same variety, should 
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become by spontaneous "ariation in ever 80 slighi a 
degree prepotent ol'er the pollen of other varieties, this 
would certainly be an advantage to tho rnriety j for il3 
own 1)OIIen would thus oblhernto the effecu of the 
pollen of other 11lrieties, and prOI'ent deterioration of 
character. And tho more prel)Otout the variety's 0"'1\ 

pollen oould be rendered through nntuml selection, 
tho grenter thoadvautage would be. Woknow fromtllC 
researches of Gartner that, with speciCli which nre mulll_ 
lilly sterile, tho pollen of ooeh ill always prej)Olent On 

ita own sti~ .. 'tlla o,er that of the other species: but we 
do not know whether thill prepotency is &. consequence 
of the mutual sterility, or the sterility a OOUIk.'quelll'e 
of tho prepotency. If the latter riew be correct, lUI the 
prepotency ~me stronger through nalllral selection, 
lrom being adrantageous toll. spl'Cios in proc&IJof (orma
tion, 80 the stcrility con:;equent on prepotency would at 
the same time be augmented j And tho final result 
would be various degree'! of sterility, such R8 occurs 
with el.i3ting species. '1'his l'iow might be extendod to 
animal!, if tho femalo before each birth receil'e<i Bel'eral 
malee, so that thc SOlUai elellleut of tho llropotentmaio 
of her own ,'ariety obliterated the effects of the aCl~lSoJ 
of pre1'ious lIIales belonging to <other nlrietiee, but. 11"e 
have no teMOn to beliew, at least with terrestrial 
animau., that this is the case j as lIl06t males and femalhl 
pair ror each birth, and some few ror life. 

On the wholo wo may concludo tilat witll tulimais the 
sterility or crOMCd species hll8 not been dowly aug
mented, throug-II natural selection j and 118 tbissterility 
follows tho samo general laws ill tho n'gctablc as in 
tho animal kingdom, it is improooble, lhough UI)I~I
rendy ~ble, that with plants crossed Ilpecil'S should 
ha,'c been rendered sterile by a different prooos..... }~rom 
thill consideration, and remembering that species which 
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have ne,'er eo-<llisled in the 8."me country, and whieh 
therefore could not h.ave received any ad,oantage froul 
having been rendered mutually infertile, yet are gene
rally sterile wll('n crossed; and bt'aring in mind that ill 
reciprocal er08i:'C8 between the same two specie!! there 
is 90metimes the widest difference ill tlu~ir sterility, we 
must gh'e 1111 the belief that Mtural sclp.ction has come 
into ploy. "'e are thus driven to our fermer propo
sitien, namely, that tho stelility of first eNlilJCl!, and 
indirectly of hybrids, is simply incidental 011 UUkllOlnJ 

difference8 in the reproductil'e systems of the parent-
8pet'ics. 

We may now try and look a little dOiler at the pro
bable nature of the,.;c differeuC<'8, wllieh induce 8krilit~, 
in lirst CnJ8i1e8 onfl in bybrids. llure apecie-&and bybrids 
.liKer, as already remarked, in tllO state of their repro
dueti"e organs; but from what will presently follow 011 

reciprocally dimorphic and trimorphic plauts, it would 
appear us if 80me unkuown bond or law e'ustcd, which 
causes the young from a union not fully fertile to be 
themaell'es more or less infertile, 

J n the ('aso of first crosses between pure species, the 
grootcr or less difficulty in effecting an union and in 
obtaining off-<illring apparently dependa on IlIWeraJ die
tiuet ('8.U8<'8. Tlwre must sometimcs be a pbysical 
impossibility in tiLe male element reaching the oloule, 
88 would Ix> the ense with a plant having a pistil too 
long for tho pollen-tubes to reacll the ovarium, It has 
aho boon observed that when pollen of olle apeeics ill 
placed on the stigma of a distantly allied species, though 
the pollen-tnlws protrude, they do not penetrate the 
stigmatic aurfllCC, Again, the male element may reWI 
the female element, but be incapable or C4uaing an 
embr~'o to be dc,oeloped. as seems to haye been the case 
_ilh some of Thuret's experiments on :Fuci. No cxpla-

y 
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IIation cau' be gh'en of tllese facts, l1uy lUore than why 
cer tain trt'('8 CliUllot be grnfled on others. Lastly, an 
embryo may be developed, Ilnd then perish III au early 
porioo. '111 is latter nitewatiwl has not been liut1i<-ientiy 
attended to; hut I believc, from obstrvatiolls commu
nicated ;10 me by Mr. Hewitt, who hM had gTeat expe
rience ill hyhridi~ing pilel1S1luts Ilud fow l!!, that tho cl1rl~' 
dellth of the embryo is 0. ,'cry frequent cuuse of sterili ty 
iu first Cro8SCa. AII'. Salter hils recently gin·n the results. 
of an examination of about 500 eg~ llroduced from 
vsriouscrosses bebreen t)lree ~pecies of Gallu! aud their 
hybrids; the JUajorityof these qrgB had be.!n fertilised; 
and in Ihoillujoril), of tile fertilised cggs, tho embryos 
either Ilad bt-en partially den:lo]Jed lind had th~n 
aoorted, or llad becomo nearly m8lure, but the young 
chicken! had been unablo to break through the ~helJ. 
or the chicken! VI hich were bonl, more than four-fifths 
died within the first few days, orat latCf;t weeks, "with
out uny obviol\Jj cause, apparently from mero ionbility 
to li,·o;" 80 that from tbo 500 eggs only t ll'('I\'o ebickeus 
wcre rcared. 'l'bo carly death of hybrid embryos p~ 
baLly occurs ill like mUllncr \\ith plants; at leust it is 
.lmown Ihat hybrldsrai.sed (rom \'erydistinetspecies are 
sometimes weak and dwarfed, and pcri..:.h at au early al.>'e; 
of Wllkh fnet :alux Wichurn hM recently gi\'en som,· 
striking c~s "lth hybrid \\illows. It rna)' be here 
wordl llotieing Iho.t in some csses of partilellogenet'iJ, 
clllLry08 produced from tIle eggs or s.ilk'moth~, which 
bad not been ferlilised,pasaed tl lrougll their eurly stnges 
of de\'elopment and then perished like the eDlbryOl 
produced by tl. cross hctwccn two distinct species, Until 
becom ing acquainted with thellO fllctS, I wus unwilling 
to belie\'o in the frequent early death of hybrid em
bryos; for hybrids, when once OOrll, are generally 
healthy and long-lived, as '110 800 in tho case of the 
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oommOIl mule. lIybrid9, however, arc difl'erently cir. 
CUlultanced before aud aftcr birth: wh.en born and living 
in aooulltry "here their two pnrcntali"e, they arc gene
mlly placed uuder lIuitable conditions of life. But II

hybrid pnrtakes of only half of the nature and consti. 
tution of its mother, and therefore hefOTO birth, as long 
as it ill nonrished within its mother's womb, or within 
tho egg or lICed produced by the mother, it may be 
exposed to conditions in some degree ullsuitable, and 
consequently 00 liable to perish at an early period; 
more especially Ill! all very young beinga are eminently 
Sensitive to iujurious or unnatural conditions of life. 
But after all, tho C8U86 more probably lilllJ in some 
imperfectiou in the origiual act of impregnation, 
('nu~ing the embryo to be imperfectly developed, rather 
than in the conditions to which it ill subseqllently 
l'xpo6ed. 

In regard to tho sterility of hybrids, in which tho 
sexunl elemcnts are imperfectly developed, tho case is 
dillCrent. I Imve more thal] onco alluded to [\ largo 
body of foots, which I have collected, showing that, when 
animal. and l)lants are rcmO"ed from their natural con. 
ditions, they are extremely liable to ha\'O their repro
d'lctil-e systems seriously affected. This, iu fact. is tbe 
greal bar to the domestication of animllis. J3etwoen 
the sterility thus superinduced and that of hybrids, 
thero arc maDy points of similarity. In both cases the 
Iterility is independent of generfli health, and is often 
aceompiUiicd by excess of size or great luxuriance. I II 
both cruses the sterility occurs in \"ar i Oll~ degrecs; ill 
both, tho male clement is the most liable to be nfTccled; 
but soillctimee the female more than the mille. I n both, 
the tendency goes to a. certain extent with sY5tcmatic 
aflinity, for wholo groups of animals and plants are ren
ckred impotent by the same unnatural conditions; fwd 
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whole gr()IIps of III)(lCics tClld to produce sterile hybrid&. 
On the other Iuuld, one species in a group will .some· 
timce reeiBt great chnngeeof conditiolls with unimpaired 
fertility; nnd certain species in a group will produce 
utlusually fertile hybrids. Ne one cau tell, till he trieB, 
whether any particular animal will hreed under confine
ment, or any exotic plant aced freely under culture; nor 
call he tell, till he tries, whether any two species of a 
g.:nus will produce more or leilS sterilo Ilybrid&. Lastly, 
when organic beings are placed during f!e,·ernl genera
tions under conditiOIlJl not natural to them, tlley arc 
extremely liable to vary, which seems to be partly due 
to tllCir reproducth·e IJystems having been specially 
affected, thotfgb in a ie8lCr degree than when sterility 
CIlJlUes. So it is with hybrids, for their offspring in 
8uccessi'·e generatiollll are eminently liable to ,·arl', 88 
every experimentalist 1mB observed. 

Tlms we see that when organic beiDgs arc )Jlared 
under new and unnatural conditions, and when hybrids 
nro produced by the unnatural crossing of two species, 
tho reproductiye system, independently of the general 
state of health, is affected by sterility in a very I!imilar 
manner. In tho ono CMC, tho conditions of life ha~e 
been disturbed, though ofteu in 80 slight a degree as 
to be inappreciable by us; iu the other case, or that 
of liybrids, the external oonditions iJn'·o remnined the 
Mme, but the orgllnisation hilS been disturbed by two dif
ferent structures lind eOlistitutiollll haYing been blended 
into one. For it is scarcely possiblo that two organi
BBtiollJl should be compounded into one, without some 
dillturoonee occurring in tho do\·elopmelll, or periodical 
flCtion, or mutual reltltiollll of the different parte and 
orgall8 one to auotller or to tlle conditions of life. When 
llybrids are able to brocdinJer Be,they tran&Dlit to their 
offspring from generation to generation tho same com-
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pouuded organisation, and hence we need not be lUI'

priscd that their trterility, though in some degree vari
able, d0C8 110t diminish; it is oven apt to increa!!C, 
lhis being genemlly tho result, lUI beforo explained, 
of too eloee interbreeding. l'ho noo.e view of tho 
sterility of hybrids being cau..ed by two difTerent con
~titutiolls being confoundod into one has lntely been 
~trongly maintained by :Max ''''iehurn; but it IllUst be 
owned that the sterility (as will be immediately ex
lliained) which afTccts tllo ofT~prilig of dimorphic and 
trimorphio plants, whell individuals belouging to tho 
ae.mc form nre united, makes this vicw rather doubtful. 
It should, Ilowever, be Lome ill mind tbat tho sterility 
"f these plnnts has beell ncquired for II. special purpose, 
(lilt! Dlay (lifTer in origin from that of hybrids. 

It must be owned that 1'1"0 CDnnot understand, on tho 
3bo,'0 or nny other view, so.eml facta wilh respect to 
tho sterility of hybrids j for inl>;anoo, the unequal fertility 
of hybri(ls llrOOuced from reciprocal CI'OSllCS j or tho ill
creased sterility in those hybrids which occasionally 
and exceptionally reaemble closely either pure parent. 
)ior do lilretcnd that the foregoing remarks go to tho 
root of tho matter j no explanation is off(!red why an 
organism, whcn placed under ullnatumi cooditioll!l, is 
rendcred sterile. All that I havo attempted to show, 
ill that in two caSes, in some respects allied, sterility 
is tho common result,-in tho ono case from the con
ditions of Jjfo hal'ing been disturbed, in the other 
cue from tho organisation or constitution hal'ing been 
disturbed by two orga.nisations being compounded into 
ono, 

A similnr parallelism apparently extend/J to an allied 
Jet very different c1llS8 of fact& It is an old and almost 
universal belief, founded on 0. considernble body of ovi
dence, that slight changcs in tho conditiOlls of lifo are 
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beneficial to alllivillg filings. We see this acted on b~' 
farmf'1"8 and gan1eners in their fn'<J.ucnt eJ:.chan~ of 
aced, tubel'!!, &e., from one soil or clinlllte to auother, 
and back AW1ill, During the con\"alescencc of auimals,. 
b"f'ent benefit is derived from almOflt any change in the 
habits of life, Again, bodl with llianu aud animals, 
thero is abundant evidence that a cross between ind h-i· 
dunls of the SIl.llle species, which differ to 11 certain 
e:ltent, givcs vigour and fert ilit.y to the off611ring; and 
that clOfl(l interbreeding continued during S(l ,'eral gene
rations hrtwccu the UNrest relations, Cflpe<'inlly if these 
be kept 11IIderthe mine eonditioDIJ of hfe,aimOBt alwaJs 
induLU wl!8knCfllJ and sterility. 

]l ence it seems that, Oil th~ one hand, slight chauges 
ill the conditiOIlB of ufe benefit all organic beings, and 
01\ the other ilnlld, that sligbt crosses, that i3 CI"OSl!e8 

between tile males and females of the 8I1me species, 
wllich lln\"e vnried and become slightly different, give 
vigour nml fertility to the offspring. Bllt we have seen 
tllnt grenter changes, or changes of a particular nature, 
often render organic beings in 80IIIe degree sterile ; 
and thnt A'tCatcr CtO:'liCs,. that is ell)llllCl bet"'een males 
aud {emale!! which hayo become widely or lpecifically 
difrert'nt, produl'O Ilybrids wliich aro generally lterile 
ill IJC)mo dt>gree, I cannot persuade myself that this 
paraUeliFJn is an flC(!ident or au illUllion, Both series 
of {actll 8('e1ll to 00 C(mneeted together by some common 
but unknown bond, which is Cll8elllially related to tbe 
principle of life ; this principle appnt'C'lltly being that 
life, 1\8 Air, lier\)crt Spencer hl\8 tCmarked, depends on, 
or consists in, the incessaut fiction and t('action of 
various {0l"Ccs, whidl, as througlwllt nature, are always 
tending townrds an equilibrium; amI when thia ten· 
dcooy ia slightly disturbed by any cliange, tbe ,-ita! 
forees appnl'Clltly gain in power. 
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RtJeiprt)('.(JI Dinwr-phulII and Trirrwrphmn. 
'fhia subject may be Ilere bri(>f1y discussed. nnd will 

be fouud to throw 80mc light 011 hybridi~m. Se"erol 
plants belonging to distinet ordcftl prl'!JCnt two forms, 
'IIhich exist in .about cqllal numbers, and whieh diller in 
uo respect except in their reproductiw~ OrgBllll; one 
form haying a long pistil with short @Iamens, the other 
u allort pistil with long stamens; both with differently 
Ri:M'd pollcn-grAins. With trimorpllic plAlits there lire 
three forms likewise differing in the lengths of their 
Ilistils and stamens, in the size and rolollr of tile poUen
grairu, and in some other respects; and as in each of 
the throo forllIS there are two sob of stnm(lll!!, there a re 
altogether six sets of Btamen~ ami threo kinds of pi.;tils. 
'fhe.;e organs are so proportioned in length to each 
other, that, in any two of the forms, half the stamens ill 
each staud on a leyel with the stigma of the third form. 
:Sow I have shown, and the result hn._ be<>n confirmed 
by other ohserl-efS, thut, in order to obtain ftlll ferlilit:r 
with these IJmnta, it is necessary that the stigma of the 
one form should be fertilised by pollen taken from tile 
IitameI18 of corresponding heiglit in the odler form. 
So tllat with dimorphic slXlcies two unions, which lllny 
be oolled legitimate, arc fully fertile; and two, whidl 
may be called illegitimate, are more or less infertile. 
With trimorphic species sil: unions arc legitimate or 
fully fertile, and tweho ure iIlcgitimato or moro or less 
infertile. 

The infertility which may be obs!'rI'ed in various 
dimorphic lind trimorphic plant.s, when they arc illegi
timately fertilised, thllt is by pollen taken from stamens 
not correepontling in height with the pi~til, differs llluch 
in degree, tip to absolute and utter sterility; just in the 
.ame manner as occurs in cnx;sing distinct species. As 
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Ihe de~ of sterility in tile latter CIUIO dC»Cllw in au 
clllincnt degree 011 tho conditions of lifo being morc or 
lC88 fa,·ourable. 60 I h4\·o found it with illegitimnte 
unious. It i, well known tllnt if pollen of a di"twct 
speci{'!j be placed on the stigma of a flower. and its oym 
pollen be afterwllrd,. even after a considerable intenaI 
of time. placed 011 the same IItigma, its action is 80 

strongly prepotent thllt it generally annihilates tho 
effcct of tho foreign pollen; so it is with the pol!en of 
the severol forms of the saIDO species, for legitimate 
pollen i~ strongly prepotent over illegitimllte pollen. 
when botll are lliaced on tho SIlmo stigma. 1 8.SCCr
tainoo this by fc.rtilising 8e\ual f1owel'l!, first illegiti
mately. and tll·enty.(our honrl afterwards legitimately. 
with IlOlIeu taken from a. peculiarly coloured \·ariety, 
and all tho seedlings were similarly coloured; thi.'! 
"hOWl that the legitimate pollen, though applied twenty
(our houtll Buboseqllently, had wholly destroyed or pre
vented the fiction of tho previous-Iy applk'<l illegitimate 
pollen. Again, as in milking reciprocal crosscs bctwC('1l 

tho same two speeies,. thero is occasionnlly f~ great 
diffo;!ren('o in the result, so the samo thing occurs with 
trimorphio phmts; for in~taDC(j, the mid-styled (orm of 
Lythnuu salicaria was illegitimately fertilised witiJ 
Ihe greatest ease by pollen from the longer stamens of 
tho short-6lylcd form, and yielded many aced8; but the 
latter form did not yield a singlo seed whell fertilised 
by tho longer stameus of the mid-styled forlll. 

11\ ,.ll the!l(l mpects and iu othen which might ha,-e 
been adduced, the forms of the samo undouhh . .J species 
whell illegitimately uuited bellave iu exactly tho same 
manuer !~ do two distinct 8pe('ie8 when Cl'088C<J. This 
led mo carefully to observe during four ycars maDy 
8OCdlings, raised from several ilJegitiJunte ullions. 1'hu 
cillcf result ia that these illegitimate plRnts, as they 

e:l The Cc,..;..101ete Work of Charles --'-Will -.roe 



AND TBll:IOm'UUW, 320 

may be called, 01"0 not fnIly fertile, It is possible to 
raite from dimorlJhic species, both long-styled nnd 
short-atJled iIlegitilllate plants. aud from trimorphic 
plants ull three illegitimate forllls; tlu~ae CUll then be 
properly united in a legitimato nmnner, When this is 
done, thero is no apparent reASOn why thoy Rhonld not 
yield UR llIany seedR as did thei\" parents wlu:m legiti
mutely fcrlili:>()(1. But such is not tho ease; they arc 
all infertile, hut in ,"arions dt'gl"ccs; somo being SO 

utterly ancl incurably sterile thnt thoy did not yield 
during four .seasous a single seed or even aoed-capsule, 
The sterility of HIeIlC illegitimate plants, when united 
with ench other in a legitimate manner, may be strictI)" 
compared with that of hybrids when trollsed iRht
It. When on tho other hand a hybrid i3 cros&ed with 
dther pure pnreut.-specics, tho steril ity ill \I~unIIy lIIueh 
lc...cned: and 80 it is when all illegitimate IJlant is fer
tilised by a legitimato plant. In the SlUllO manuer as 
tho sterility of hybrids does not aiwI1Ys run IJll,rnllcl 
with tIle dilliculty of making tllO first CI"QIIS between til(! 
two pareut-apeeie~ 80 tho sterility of ccrtnill iUegitimllte 
plantll was unlU;llIllly b-reat, whilst tho steril ity of the 
union {rom which they were dcrh"ed was by no melUllJ 
0'1"001. With hybrids raised from the snme seed-capsultl 
tho degree of sterility is innately ,'ariable, 110 it is iu a 
mnrked manner with illegitimate plants. Lnstly, many 
hybrids are profuse and persistent flo\l'erers, ",'hillitother 
aud more 8terile hybrids produce fOil' flowers. aud are 
weak, mis.::rable dwarfs; exactly similar cases Ot.:cur 
with tho illegitimate orr~pring of vllriou8 dimorphic llnd 
trimorphic plnute, 

Altogether there is tho closest identity ill character 
8n(1 belml'iour between illegilimftw plauts and hybrids. 
It is hardly an exa.,'1;emtion to maintain that tho 
form er are hybrids, but produced within the limili 
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of tho so.mo species by tho improper llllion of C<!rla.iu 
forlDs, whilst ordillAfy hybrids are )lroduced from Ull 
improper uniou between 1KH.'ftllcd distinct l>pecics. 'Va 
have nl80 already 9CCU tlmt tlwre is tho I'loscst simi
larity in nil respects betwccn first illegitimate lmien8 
and first ero83C8 belll'cen flistillct 8jlecil'fl. Thia wiU 
perhaps be mado more fully nllptlreut "y all illustl1l· 
tion: wo mny supposo thllt a botanist found two well
mlU'ked vlll'ieties (and such occur) of the 101lg..gtylOO 
fonn of the trimoqlilic Lrthrum so.lic(ll"ill, and thnt he 
determined to try by cf08Sing wllether they were sp«i. 
ficully distinct. Ho wOllld fiud thllt they yieldoJ onl)' 
nbollt oue-fifth of the l)l'oper uumber of sced, 8nd tilat 
they 0011/1\00 iu 811 the other abo,·o specified re"I)CCt.; 
Il.8 if they bad been two distinct specica. But to mako 
the case sure, he would raillO plants from l,is supposed 
h),bridiacd seed, ami lIe would find that the seedlings 
were misernbly dwarfed and ntterly sterile, nnd that 
tlley OOlmved iu fill other J'Cspectslike ordinary hybrids. 
He mi~ht then mnintain tJlIIt he had nctnnlly IJro,'ed, 
in accordance with the common ,iew, that his tll"O '<uri
etiell were a.~ good bnd as distinct SI'CciCII t\8 uny hl the 
world; but he would be completely mistakcn. 

1'ho filets now given on dimorphic f\lid trimorphic 
pJllnlll are important, because they shuw U~, first, that 
the physiological test of lCIIICuoo fertility, both ill first 
CTOil8C8 and in hybrids, ia 110 safe criterion of specific 
distinction; sc-eoudly, bccnusc \\"e mlly concludo that 
there is 80me unkuowu bond which connecLi tho in
fertility of illrgitimate uniOM with that of their ille
gitimate off"priug, and lI'e aro led to extend the enme 
view to first cros8Csand hybrids; thirdly, because wo find, 
and this 1ICC1l1S to mo of especia l imllOrtanlX', that two 
or three forms of the sarno sl>eCics lOlly e:list and may 
differ in no fCSpect, e:lcept in their fCllrooueti,<o organs. 
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and yet be sterile wlJCn united in certain ways. With. 
dimoflJhic plants, the unions between the two distinct 
forms aro alone quite fertile, and produce quite fertile 
olfapring, "hi 1st nnions between indi",i<luaLJ belonging 
to the 8IIme form are more or less sterilo; 80 that tho 
lUlult is /llI:actly tho re\'erse of Illmt occurs with distinct 
spwies. With dimorphic plants the resultunt sterility is 
quito independent of (IllY diflcrellce ill gencrol strudure 
or constitution, for it uri:;es from the union of iudil'idun.1s 
belonging not only to the same BJlOC'ics, but to tIle snme 
form, Jt must, therefore, dppend on the lIature of the 
l!exual elemeut.~, which are 80 adapted to (':1('11 other, 
that the male and femalo elemenu OC('urriJg in the 
same form do not Buit each otilrr, wilillit thoec OC('urring 
in the two distinct fOI1llil are mutually suited to roch 
other, }~rom these considerations, it seems proooble 
that the sterility ofdistinet.species wllCu erossOO,nndof 
their hybrid progeny, depends exclusi\'ely On the nuture 
of their sexIUII elements, and not 011 uny general differ
ence ill structure or constitntion, We !In) iudC(.'(1 led 
tothissaruo conclusion by considering re<liprocnl crosses, 
in which tho malo of one spcci(>8 ('811not be united, or 
('aD hE' llnitt'd with great difficulty, lI"ilh the fcmalo of a 
IeCOnd 8l)(!oCics. whilst the con\'erso croes can be effected 
.-ith perfC('t facility; for thi!! diffrrcnoo in the facility 
of making reciprocal Cnl6SeS alld in the fertility of their 
olfBpring must be attributed either to tJIO male or to the 
female element in the first species lUlling been differen
tiated, with refereuee to the sexual clemenls of the 
IeCOnd speciea in n lligller degree than in the COllyerso 
case, 'fhat excellent observer, Giirtner, likewise came 
to this same condu.sion. lUUnely, that speck'll when 
c~cd are sterile owing to diffcrences confined to their 
reproduetiyesysteDl8. 
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Fmililyof Varidia tt'''~ OrODed, and of their Mongrel 
OJirpring. 

Jt may be urged, as an o,·crwhelming argument, that 
there must 00 BOme essential distinction between SpeclC6 

and varieties, in8$lIlueh WI the latter, however much 
they may differ from eaeh other in external appear
anCt', ero8ll with perfect facility, and yield perfectly 
fertile offspring. With solue exceptiona, IJrcscntly to 
be given, I fully admit that this is the rule. But the 
.subject is Ilurrounded by diffieultiCll, for, looking to 
,·arietie~, produced under nature, if two fonus hitherto 
reputed to be varieties be foulld ill any degree sterile 
together, they are at once ranked by mOllt naturn1i.sts 
UIl specil'!'. For instance, the blue and red pimpernel, 
which are considered by lUori botanists us n&rieties, are 
Mid by Giirtner not to be quite fertile when erossed, 
and be consequently ranks them as undoubted slXlciel!. 
If wo thlls argue in a circle, tho fertility of oil varie
tiel! produced under nature \liU assuredly ho,·o to be 
granted. 

If we turn to ,·arieties, produced, or IIlI IJI>08OCl to IIavc 
been produceJ, under domestication, we are still in
volved in doubt. For whell it is stated, for instance, 
iliat tho German Spitz dog crosses more eUllily with the 
fox tlllin do other dogs, or that certain South American 
indigenOl19 domestic dogs do not readily unite witII 
European dO£'!', the explanation which will occur to 
every one, aud probably the true one, is that these 
dogs nrc dcscendrd from aboriginally distinct species. 
Nevertheless the perfect fertility of 80 many domestic 
varictiefl, diflcring widely from each other in appear
ance, for inetauC(l those of the pigeon, or of the cabbage, 
is a rcmarknble fact; more especially wben 11·0 reflect 
how mAny species there are, which, though resembling 
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each otller most closely, are utterly sterile when inter
crossed. Sen-raJ consideratiolls, howe\'er, render the fer
tility of domestic \'aneties lese remarkable. In the first 
place, it Inay be obt!ervcd that tho amount of external 
difference between two species is no Bure guide to their 
degreo of mutnal sterility, so that similAr diffen>nees in 
the case of \'arieHes wO\lld be no sure guide. It is almost 
certnin that with apcciestlu)causoiiesexelusiveiyiu dif
ferenres in their sc;l:ual constitution. Now tlie('()nditions 
to which domesticated animals and culti\'oted plante hav(\ 
been subjected, ha\'e had so little tendency towards modi
fying the n:!productive system in a manner leading to 
mutual sterility, that we hal'e good grounds Ilr admit
ting tho diroetly opposite doctrine of PallM, namely, 
tlmt such conditions generally eliminate thill tendelley; 
so that tho domestiCllted descendanta of IIpecies, which 
in their natuml state would ha\'e been in 801lle degree 
8tprile when crossed, bceome perfeetly fertile together. 
With planle, 80 far is cultivatiOil from gh' ing a tendellcy 
tOl1'o.rds sterility between distinct epeciCfJ, that ill severn! 
well-(luthentico.lc I eases aln>ady alluded to, certain planla 
llll.\'e be<!n affected ill au opposite manlier, for they hnve 
heromo leU-impolenl, whil.st still retaining the capac:i~' 
of fertilising and being fertil~ by, other llpecies. 
If the Pallll.8illll doctrine of the dimiulltiOll of IIterility 
through long-continued domestication be ndmitted, and 
it can hardly be rejected, it becomes ill tJle highest 
dCgrNl irll))robable that similar circumstances should 
bolh induce and eliminate tho same tendency; though 
in certain cas('S, with speeies having a peculiar consti
tution, sterility might occflSionally be tlms induced, 
Thus, 1111 I believe, we can understand why wilh do
mesticated animals varieties have lIOt 00c1l produced 
.hich nre mutually sterile; and why with I))aols only 
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II. few web C8Se!I, immediately to be givon, hal'O been 
obecrvcd. 

Tho rcnl difficulty in our present subject is not, as i t 
"ppenl'll to me, lIi1y domestic \'nricties lmvo not become 
mutually infertile when crossed, hut why this has 80 

generally occurred with natural Yllritti~ as soon Ilil 
thoy hare beetl modified in 0. 8ufficicut amI permanent 
dcf,'TCC to tnko mnk as species. Wo arc fill' from precisely 
knowing tho cause; nor is this 8urpri:;ing, seeing how 
llrofolludly igllornnt we are ill regard to tho normal 
nnd nbnormal action of tho rcprodnctim system. But 
11'0 CRII sec that spe<!ies, owing to their struggle (or 
cxi:;tclloo with numerous competitors, must hal'O bc<>n 
cxpoet.>d to more uniform conditions duriDg iong periods 
of time, thun havo been domc"ctio varieties j and this 
may well make II II-ide difference in tho result. For 
we know how commonly wild animals and I)lo.nts, when 
tak(!n (rom their Ilo.tuml (:ouditiolls and subjected to 
captivity, aro rendered sterile i nnd the reproducth'e 
functioWi of organic beings which hnve (llwI1Y81i,-ed and 
been slowly modified undcr llfituml conditions would 
probably in like manner be em inently sensitive to tho 
influence o( an uunatural c~. Domuticatcd produc
tion8, on the other hand, which, a/J shown by the mere 
fact or their domcrtication, were not originally bighly 
sensitive to changes in their conditions of liCe, and 
which can now generally resi!lt witl1 uudiminishod fer
tility repeated cbangcsof conditions, might be cxpected 
to produce varietios, which would be little liablo to havo 
their .rcprodllctil'e powers injuriou81y affected by tbe 
act o( eroesing witll other l'aricticB which had originated 
in a l ike mallncr. 

I havo 88 yet spokon as if the vo.riotie8 o( the same 
species werc inmriably Ceriilo when intererosacd. But 
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it is irnpo,!siblo to resist tlle o,-id..,nce of the uistence 
of 1\ certain 111IIOUllt of sterility ill tho few following 
ea..;('~, which I will briefly abstract. 'J'he cyidencc is 
nt least RS good M that fro1ll which wo believe in the 
sterility of Il multitude of species. The evidenco is, 
also, derived from hostile witne8SC!l, who in Rll other 
cases C()nsidcr fertility and sterility as safe eritcriolls 
of Itl>ccific dj.~tinction. Gartner kept during several 
yellT3 II dwarf kind of maizo with yellow 8CO(Is, Rnd lI. 

tall vllriety with red seeds growing lIellr each other in 
hi.~ gardell; lind although those Illllllts have separated 
flexe~, tht,y never naturally eJ'08SC(I. lIe then fertili;lod 
thirteen flowers of the one with the pollen of the other; 
Lui only Il single hood prodlll!ed Ilny aced, Rnd this 0110 
b"'3(1 Ilrodl1c«1 only the groins. iUnnipulalion in Ihis 
ea,;o could 1I0t lu:wo been injurioull, tiS tl:e plallts have 
acpamt-e<i f!Cxcs. No onc, I bclic"e, hlUl suspected that 
these mrielies of maize are di~tinct ~pedC8; Ilnd it ill 

importnllt to notice that the hybrid plants thus rlliscd 
were themselves perfeetly fertile; 80 thnt e\'cn Gartner 
did not venture to consider tho two varieties aa spoci
Heally di~tillct. 

Girou do BI1Ziu'Cingucs ero!lilC<l lhrt'O yarieties of 
gourd, which liko tho mail.Q has separated &eXes, and he 
&.-scrta that their mutual rertilisation is by 80 much tbe 
!t.-,;.;j <.'Illjy 118 theirdiffcrencesaro gretlter, How fnrthese 
eXjJeriml'lIts lIlay be trusted, [ know not; but tbe rorms 
ujJerimcnted on are r!lnked by Sagcret, who mainly 
founrli!' hi~ classifil'8tioll by the test of inrertility, as 
varietil'fI, l\ud f\nudin hIlS como to the same conclusion. 

The fullowing Cllse is far more remnrkllble, and I!eCms 
at first quito incredible; but it is the resultof nn asto
ll i~hing number of experiments made Juring IIInllY years 
on nine species of Verbascum, by 80 ~ all observer 
and so hOlilile a wilncss as Gii.rtner: lIamely, that tho 
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yellow amI white varieties when CI'O";;eU prodllOO INiII 
~ than the 8imil8rlv eolouwd mrieti('8 of tile $I1m(' 

"l>e<-il'tl. l'Ioreoyer, h~ assert8 that, when yellow and 
white mrioties or one species are eJ'OSl8ed with yellow 
and white varieties of a d1-lIind 8pcciCl'l, more aero i~ 

llroduced by the crosses between the similarly rolour{'(1 
flowers, than between those which (lro diffp!"Cnlh
oolollr{'(l. Mr_ Scott, also, has experimented on the 
spetiea and varieties of Verbascum; IIolld a!thougll 
unable to eoufirm Gurtner's !"Csult.<! on the (,TO!I.~ing of 
the distinct ~peeie8, he finds that the di!Ollimilarly coloured 
,"arietiea of the snme species yield fewer lIN!<Il\ in the 
proportion of 86 to loo, than the simililfly eoIoured 
mrieties_ Yet these ,-arieties differ in no ~peet e.n~'pt 
in the colour of their flowers; and ODe variety ('8n 
sometimes be roiscd from the seed of another_ . 

Kolrouter, whOiJe nccurney hll8 been confirmed by 
every lIuhaeqllent observer, has !Jr()\-OO tbe remarkable 
fnet, that one particular ,-ariety of the Mmman tobacco 
WM more ferti le than the other ,-arieti('8, when eTOSSed 
with a widely distinct species. He cXI)('rimcnted on 
five fonn~, which nre commonly reJlllted to be ,-nri('ties, 
and which he tested by the 9c,-erest triol, namely, b~
rccipl'fI('fll crosses, Bnd he found tlleir mongrel offspring 
perfectly fertile_ But one of thelle firo mrietie", when 
used either as the father or mother, and el'OEi8ed "ilh 
the ';irotiaoB glutinosa. always yielded l,ybrids not 80 

8terilc as thOll6 which were produced from the four other 
varieties whf'n el"OfS3C<i with :N_ glutin06B_ ITence the 
:rellrodnctil"c 8ys~m of this one ,'ariety must have been 
in eome manner and in some degree modified_ 

Frottl thCllO facts it cannot be maintained thnt varicties 
whell erossed aro illTIlriably quite fertile ;-from the 
great difficulty of ascertaining tho infertility of varietiee 
ill a state of nnture, for a Bupposed variety, if llron>d 
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to be infertile in auy degree, would olmOllt unh'cnmUy 
be rouked 088. spccies;-from man ntlending only to 
{"denIal characters in his domestic vnrieties,. 811d from 
Slwh "arictica not having been exposed for a "ery long 
period to uniform conditions of life ;-from these i!C,'cm1 
considerations we nlay couclude thot fertility does not 
constituto Il fundamcntal distinction ootwoon varieties 
and apeeics when CfOIlSe(l. The genernlsterility of crossed 
species may safely be looked at not \l.9 a 8~ial acquire
ment or cndowment, but \l.9 incidental on change8 of an 
uuknown nature in tbeir sexual elements. 

HybrilU and Mongrels wmpartJd, iruUptruUntly of their 
ferliliiy, 

Independently of the question of fertility, tile ofl'· 
sprillg' of species whell crossed nnd of nrieties when 
cl"08&ld may bo compared ill several otller respects. 
Gartner, wboee strong wish it W\l.9 10 draw !\ distinct lino 
betwccn species and varieties, could find vcry few, und, 
as it seems to me, quito unimportant differences between 
the so-called llybrid offspring of species, and tbe so-called 
mongrel offspring of \"aricties, And, on tho other bnnd, 
they Ilgrt'O most closely ill many important respects. 

I shall hero discuss tbiB subject Mth extreme brevity. 
Tho most important distinction is, that iu the Ilrst gene
rr,tion mongrels are more \'ariable than hybrids; but 
Giiriuer admits tbat llybl'ids from speeiea which have 
lmlg l>een culth'llled are often "ariable in the first gene-. 
rotion j and I lm\'e myselC seen striking instances of 
Ihis fllct. Giirlner further admits that hybrids ootwcen 
very c.losely all ied spec.ies are moro variable t11811 tlloso 
from \'ery distinct species; and this SIIOWS that the 
difference in the degreeofvllrillbility gmduatcs away. 
When mongrels and the more fertile hybrids are pro.
pagated for &evernl generations, an e:lt.reme amount of , 
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variability in the offspring in brlth caqes is notorious; 
but some few illSronces of both hybrids nn(1 mongrels 
long N'taining a uniform characterCOllld be giveu. The 
\'ariabiJity, 1Io, .. eyer. iu the RuC('('SSi"e genemtiolll'l of 
mongrels i~. lX'rhapo:!. greater than in h~·brids. 

'I'hi8 greater varinbility in mongrels than in hybrids 
does not 8C(>m at all surprising. For the pnrents of 
mongtdll nrc varieties, and mostly domC8tie Yllrieties 
("ery fow expc-rimcnts ha\'ing been tried on natural 
"flrictiCII),alld tilis implies that thero has bf!c:.n recent 
variability, which would onen continue and be added 
to HUlt arilling from the act of cl"088ing. Tho slight 
vAriability of hybrids in the first generation, in contrast 
with tho surceeding J!:encrntioDs. is a curious fact and 
desc.tvMl :t.ttention. For it benrs 011 the view whicll J 
hU"e taken of one of the causes of ordinary yariability; 
namely, tllnt tho reproducti,'c sybtcm from being 
eminently 8cnsjli"e to changed conditiOnll of life, faib! 
under these circumstances to perform its lJroper fnnction 
of pl'O<lu{'ing off~pring identical in all rt'spects will. 
the parent-form. Now Ilybrid.ll in the first generotiolJ 
nrc d~ndt'd from species (61cluding thoee long-culti
"ated) which hal'C not had their rellroducti,'c systems 
in an.\' way affected, and they are not nriable; but 
hybrid8 themll('lves hare their reproducli"e systems 
seriously arr .. -ctcd. and their desceudant.s are high]) 
,·ariable. 

Bllt to return to our oompari80n of mongrels and hy
brids: Gartner states that mongrel" am more liable than 
hybrids to revert to either parellt.form; but thi~, if it 
be true, iK certainly only a. difference in degree. More
o,'er, Giirtner expressly states that hybrids from long· 
elllti"atcd Jllanlil are more subject to reversion than 
hybrids from species in their natural state; and this 
probably explains the singuler difference in the result. 
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arrin~d at by different OhserTenl: tilUlIo Mal' Wichura 
doubta whether hybrids c,'cr re,'ert to their parent
formiJ, nnd he nperimentcd on uneulti\'aWd species of 
,,'ilIows j whilst Naudin, on tile other hand, insists ill 
the strongcet terms ou tho almost nnil'ennl tendency to 
fCl'enlion ill hybrids, and he upcrimentcd chieHy on 
cultimtod plants. Giirtnl'r further stntea that whell 
any two Ilpocies, although most closely allied to each 
ulher,nro crOSllCd with 1\ third speci&l, the hybrida are 
widely different fronl eaeh other; wlierentl, if two Yer)' 
distinct "arictics of one speci~ are el'Ol!8tld with another 
~pccies, the hybrids do not differ lIIuc,h, Uut this COII

dusion, as far as I can ma.ke out, ia founded on a aingll' 
,'xpcriment; and 8('ems directly opposed to tho result.'! 
of SCH'nll ('xpcrimeul8 made by liuireut('r, 

Aueh a lone arc the unimportant differences which 
Uii.rtncr i8 able to point out betwcen hybrid and mongrel 
p1o.n\.s. On tho other Imlld, tho degrool! 11.11(1 k iuds of 
rcscmLlnllC6 in mongrels and ill hybrids to their respec
tivo pllrents, more especially ill llybrid~ Ilro<lncoo from 
nearly rclntod ~pecics, follow llL'col'ding to Giirtncr tIle 
liluno laws. ' Vhen t\\'O speciCil are crosscd, ouo has 
IIODl('tiDlC8 a )lrepotcnt power of imprcs8iug itIJ like-
nC68 011 tho bybrid; and 80 I belio,-a it 10 be witll 
nuielies of plantIJ. With nnimals 0110 ,-aricty certainly 
uf'kn has this prepotent power O\'cr a1l0th('r "arict~" 
U~'brid plnlltIJ produced from a reciprocal cross, gene
rally I'CIICmblo oach other closely; and flO it is with 
mongrel plRlIts from a reciprocal Cro6ll, Doth hybrids 
and mongrels cau he reduced to eitller pure parcllt
fOl'm, by ropeaWd CI'OSSCS ill 8uccc!l8il'o gcnerntions with 
\·itlJer INu'('ul. 

'rheilO 8Qw:ral remarks are AppArently AJlplicablo to 
animals j Lut the 6ubj{'(lt is bere much complicated, 
pt.rt ly owillg to tho cltistencc of Bl'COlldnry sexual 

" 
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diameters; but more especially owing to prepotency 
in tmllsmiltillg likenC!iS rUllning nlOre strongly ill ODt: 
"ex than in the other, both when ono@peciCfl is cl'06SCd 
"jlh another,and when ono variety iscroesed with auother 
,·ariety. ltor iuslanc:e, 1 think thOllC authors arc right, 
who mailltaiu that thtl IlS8 has a Ilrepotent power OYer 
the IIOfIKI. 80 that botll tIle mule and tho h iuny more 
rDSCmble the 0.88 than the horae; but that tho prepo
tency rUIiS more ~trongly iu tile mal!H18S than in the 
femtllc. 80 that tho mule, which is tho orr~pring of 
tho mnlo-ass and mare, is more like an ftSII, than is tho 
hinny, lI·hich is the offspring of tho female-ass and 
siallion. 

IUndl stress has been laid by some authors ou the 
supposed fact, tIlI!.t it is only with mongrels tbat the off. 
spring are not intermediate in character, but closely 
resemblo ono of their parents; but this docs sometimes 
occur with hybrids, yet I gmnt milch less frequently 
with them Ulan with mongrels. Looking to tllO CI'l8(l!l 

which I IlO.vO collected of cross-bred animals c10selv 
r('8(!mbling ono parent, the rescmbl(UICC8 seem chieOy 
confined to characters almost monstrous ill their ulltore, 
lind which have suddcnly appcared-such as nlbiuism. 
melanism, deficiency of tailor honls, or additional 
fingers find f.()(!lI; and do not relate to characters which 
lun-e boon slowly acquired through fl(.'lcction. Coo.. 
sequcntly, suddcn rel-eWons to the perfect chamctt'r 
of either parent would be milch lnort) likely t<1 OCCllr 
with mongrels, which are descended from varieties often 
suddenly produced and semi-monstrous ill -.:hamclf>f, 
than with hybrids, which aro descended from speeiee 
Slowly and naturnlly produced. On tho whole, 1 entirel,.. 
agree with Dr. Prosper Lucas, who, aficr nrrltllging an 
enonnOllS body of facts with respect to animaL!, com61 
to tho COllciullion, that the laws of resemblance of the 

© 1he Co.l'lolete Nork of Cl..arles lIr .... .n ~ 
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.. hild to iLl parentI are tlle same, whether the two 
parents differ litli (' or much from meh other, Ilamely 
in tho union of individual~ of tho Ilnmo \'Iuiety. or of 
diff,'rent \'arieti~ or of distinct spooi~ 

Indppendently of tho question of fertility nnd sterility. 
ill 0.11 oilier respect.'! thero seems to be a general and 
('lose l!imilarity in the offilpring of crossed species, and 
of cro8iled Y8.rieties. rr "'0 look nt 81)e('ies ns IlRying 
been srl('<"inlly cn:mtcd, (mct at ,'arictics l1S hnving been 
produced by secondary Inw8, this similarity would be nn 
astonisllillg fact. But it harmonises perfectly with the 
..-iell·that there is no essential distinction betwt.'€n species 
IIlldmrioties. 

SlImmaNj 0/ Chapler. 

First er088CB betwocu forms sufficientlv distinct to be 
ranked M species, ttrultheir hybrids, are '\'cry genemlly, 
but not uni"ersally, gterile. 1'110 sterility ill of all 
degrees, and is oll.cn 80 sliglit thnt tho most careful 
nperimeutaliBt.'! Ilnve nrrived at diametrically oppoeite 
oonclll~ions in mnking forms by this te~t. Tho sterili ty 
Q. innately varinble in individuals of tho same 8pecie~, 
,,00 is emincntly SII8Cclltible to the act ion of fa \'ollrnble 
and unfa\'ourablo oonilitiolls. The degree of sterility 
does not strictly follow systematic affinity, but is 
gOYerlled by 1IO\'cra! curious and complex laws. It is 
generally different, and sometimes widely different, in 
reciprocal croSSC8 between the SRme tll"O specief', It 
Q. not always equal in dogree in n first cross And ill tllO 
hybrids prodllced from this cross. 

In the sarno manner all ill grafting treo8, the caJWity 
of oue speeies or variety to take on another, is inci
dental on diffcr(' llccs, gcncmlly of nn unknown nature, 
in their \'egetath'e s)"stelll~. 80 in crossing, the greater 
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or ICM fncility of one ~pecies to unite with "lIotller is 
ineilil'ntnlon unknown differences in their rel)N)(\uct irc 
systclIl!<. There i,l no more N'flSOn totlJillk that spcci('S 
hn\'c Oeen specially endowed with various tkgret:s of 
sterility tOPnlv('llt their cfossingalld blending in Ilnhlrc. 
thnn w think that trees have been specially ('1II\ow('(1 
witll variOlls lind 80mcwhnt nnnlogolls degrees of difti~ 
culty in being grnfted together in Oltlcrto prew'llt their 
innrehing in onr forests . 

Tho sterility of first crOS8Cll nnd of their llybrid pro
geny 11M 1I0t, as (Ill' us we call judge, been flCquiret l 
through nIIturaJ SCie<>tiOll. In the CI\!(! of firstero5SC'; 
it S('(!rns to depend on sc\'crol circmll~wnC(>S j in ~ml' 
instances in chief partOD the enrly death of the embry'I'. 
rn tiLe cnso of byhrids, it perlmp!! depends on tlwil' wholr· 
orgnllisntion IJa\'ing been di~turbed by bl.'ing com
pounded from two distinct forms; t he sterility bcint:" 
closely nllied to tlUlt which 110 frequently afli.'Ct!J pure 
81~ics, wilen i'xpose(i to Imnaturni conditions of lifl'. 
't'll is I'iew is supported by a parallelism of another kind: 
namely, that, Ii!'>.t, the cl'OSiliug of (onns only lilightly 
din'c~ntint~1 fnrours the l·jgour and fertility of their 
ofi'sprinf!', whibt close interbreeding is injurious; and 
scoondly. thnt slight changes in tho conditionll of lire 
npparently add to tbo l'igour ami fertility of nil orgnnic 
beings, whibt greflter changes arc often injurious. But 
tbe facts gil'en on the sterility of tho illcgitirunte uniOIl!' 
of dimorphic and trimorphic IJlcmts find of their illegiti
mate progeny, render it probable that some uukno'KU 
bond in !Ill casc~ connects the degreo of fertility of Al'Ilt 
unions with tlmL of their ofi'sIJrillg. Tho collsideration 
of tllC80 facts on dimorphism, as wen fl8 tho rcsults of 
reciprocnl CI'OS..'IOS, clearly leads to the conclusion that 
tho primary ('nullO of the sterility is confined to dif-

£llhe Comolete Work of Charles D.aorw • 0nIin.!t 
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ferences in tIle scxual eJemenU!. But why, in the ca&e 

of spec.ic&, the scxual elements shonld 80 generully have 
become more or 1C$8 modi6ed, l{'ooiDg to th{'ir mutual 
infertility, we do not know. 

It is not surpri.sing thnt the difficnlty ill crossing any 
two species, and tho sterility of their hybrid-on'spring, 
should ia most cases correspond, eren if due to distinct 
causes; for both depend on thu umonnt of difference 
between tho species which nrc crossed. Sor is it !Sur
prising !hut the fueility of effecting a fir!it CI'O:l8, and the 
fertility of the hybri'Js thus produloe<l, and tho capacity 
of being grafted together-though thia latter capacity 
o\" idenlly dcpends on widely dinerellt eirculllstaneeil
~hould all fIIn, to a certain extelll, l)8rullel WIth tho 
8y~tclllntie omnity of the forms 811Ljectcd 10 c:<peri
ment; for Hy.stemutic affinity iucludes rc.!CmLlanccs of 
nil kindll. 

1<'ir:.t Croll8('8 between forms known to be Yorietic8, or 
sufficiently nliko to be considered fl8 varieties, nn,j their 
mongrel offspring, !Lre Yery generally, but not, 1\8 is 
>10 often stated, iUI"ariably tertile, Nor is thi9 almost 
unil'ersal aud l)('rfect fertility surprising, \I-hen wo re
member holV lillblo wu are to nrguo ill a circle wilh 
re8pL'<::t to mrietics in n stata of IIRturo; aud WheD wo 
remember that the greater number or \"arietics luno 
been produced under domestication by the sclection or 
mere e:<terllal difl:crenccs, lind thnt they ha\'e not been 
long Cl:I>OSt.>d to unifunn conditions or lire. It should 
al.so 00 I:spcciully kept in mind. thut 10ng-COlltinued 
domestication ICthla to dilllinnte stl:rility, nnd iB thereforo 
littlo likely to induce this same quality" lndepelldently 
oCthe question of fertility, ill ul! olher re~pccl.el thero is 
tho elO8Cllt general resemLlllnoo between hyLrid:; and 
mongrel~, in their variability. in their powcrofllUsorbing 
each other by repeated crosses, and in their inheritance 
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of characters rrom both parent-rOrDl9. :Finally, then. 
although weare profoundly ignorant or the precise CUUllO 

or the sterility or first eroases and of hybrid!!, the facts 
given in this chapter do not eeem to me opposed to the 
belief that lnrictie!l and species oro not fUlldamentall~· 
different. 

Tn .. Cr>n ,.,Iete wort of Ch 
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CHAPTEH IX. 

0" Till!: IIIP!.I!VtcTlON OV TUE GEOI,Q(lICAL HXCORO. 

On tbe at.mce of intermediate ~arictie. nt the I'r(>Ol'nt day-On 
the nRturo of extinct intermediate "ari~tieo; on their number_ 
On tbe laJ*l of time, U inferred from the mte of denudation 
and of deIlO.ition-On tbe laJ*l of time U estimRtcd by y\'3.111 
-on the pooro,*o(our falllIOOtoIo,r;i(:a.l cullectiu<a--Qn tbe 
denudatiun or pnilic areu-Qn tbe intenniltl'DOI! of ~lO',liCIII 
tormatiou.--QnlbeableDOl!of inleTtl1edilte ..... ri~ielinaDyoDe 
I'ormatioll-On tbe lUdden al'pcarano:eofgroupilOr'I'ofCiN_On 
their ,uddal 'PI_in thelowN~kllOWn f_iliferolllllt .. ta 
-Anliquity or the habitable earth. 

IN tho sixth chapter I enumeruted the chief objections 
which might Do justly urged against tho ,-iews maill_ 
tainOl.! in t.his '·olllme. Most of them h(l.\"o now beel\ 
discu88od. One, namely tho distinclneM of specific 
forms, and their not being blended together by innll
mcmble trnWlitional links, is a very obl'ious dimculty. 
I assignOl.I reasonll why such linkll do not commonly 
occur lit tho pn:-sent dar, under the eircumlltances 
apparently most. favourable for their Ill'CllCllCe, namely 
on an t'Xtemuve and continuous area wilh graduated 
physiool conditions. I endea,·oured to Bholf. that tbe 
life of eaeh spedes depends in tlo more importo.llt Millner 
on tbe presence' of other alrendy defined organic forms, 
than on climate; and, therefore, that tbo really go
ycrning conditiollB of life do llOt graduate away quite 
insensibly like heat or IllOistul'('. I cnderwourcd, also, 
to ahow that intermediate "arieties, from existing in 
1''88er numbcMl than the forms whicb they connect, will 
generally bo beaten out and exterminated during tho 
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course of further modification 1111<1 improvement. '1'he 
main calise, howover, of innumerable interme<iiate links 
not now occurring c\'crywhero throughout nature de
pends on the \~ry )Jroc('/!ll of naturnlsclection, through 
which now nlnNics continually take the )Jlaces of and 
extenninale their parent-forms. But ju~t in propor
tion as this process of extcrminntion Jms acted 011 nn 
enormous 8Cul~, 80 must the lIumber of iutermediute 
mrieti~, whidl have fonnedy ('listed. be trllly Cllor
mOI1~, Why thell is not e\'ery geologiCllI formation 
and e\'ory stmtum full of such intermediate link,;? 
Geology fWurodly does not I'('\'eal any such finely
graduated organic cil!liu; and this, perha!>", is the most 
obvious and II('riOU8 objcction which can be urged against 
the theory, The explanation iiI'S, as I believe, ill the 
extreme imperfcctiou of the geologiClll reconl. 

In the first place, it RhouM always be borne in mind 
what sort of il\termediat~ fonns must, on tile thoory, 
haye formerly existed. I hnve fouud it difficult, IIhl'll 
looking at any two species, to :n-oid pictllriug to myself 
forms diredl!1 intermediate I.w:twecn them. But this is 
a wholly false view; we should always look {or forms 
inwrmediale I.w:tween each SIK'Cie;! and a common but 
unknown progenitor; and tllo progcnitor will generally 
ho.vo differed in @omo rcspcHS frem aU its lI\odified de
IICClldanU. To giYe a simple illustration: the fantail 
and pouter l,jgeolls have both dC:IICCnded from the rock
pigeon; if we po&SCssed all the iutermediate \'arieties 
which hal'e (:l'er existed, we 8hould hal-e an extremely 
dose seril'B between both and the rook-pigeon; but we 
should h\ll'e no mrietieB directly intermediate botwccD 
the fantail and pont('r; none, for instance, combining a 
tail somewllo.t {I}[.lllIndl'd with a C'ropsomewhat enlarged. 
lhe characteristic features of these two brccd~. These 
two breeds, moreoYer, have become 80 much modified. 

(C) The Comolete Work of Charles Da~in 0>""" ___ _ 
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that, if 110 had no historical or indirect C\'id"noo regard
ing their origin, it would not luwo been JlOlIo:Iible to havo 
determined, from a mere comparison of their structure 
with that o( the rock-pige.:.n. C, livia, whether they had 
descended from this specits or from some other allied 
species, such as C. OCllllii', 

So with naturnl species, if we look to forms very 
distinct, for illstuuee to the horse and tflrir, wo hal'o 
no reflSOn to SUPIMJBe that links ovor olisted directly 
inwnnediate bctwe~!ll tllem, but betwecn each M(l an 
unknown (.'ommOIl parent, The common parent will 
have had in iii! whole orgnni8lltion much geneml re
semblance to the ta)!ir and to the horse; but in eome 
points of Itructuro may ha\-c dilTcred eonsidf'rably (ronl 
both, e\'cn perhaps more tban they dim-r (rom cach 
other. lIcncc, in all Bnch ense~, we should bo unable to 
recognise the parent-form ol( any t1\-O or more species, 
evcn if we closely compared the structure of tho parent 
with thnt of iti! modified d<'sccndants, unlCSil at the same 
tillle we had n nearly perfe<;t't'ilaill of the iuwrmcdiate 
Jinki. 

It is ju:;t possible by tho theory, that one of two 
living fonns might htwe descended from the other; (or 
instance, n horse from 0. tallir; and in this CfUN) direct 
intermediate links wiJi ha\·c ClIUlted between thcm. 
But such 1\ case would imply thnt one form had re
mained (or a \'cry long period ullalterro, whilst iUi 
dcscendants lmd undergono n vast amount of chango; 
and tho principle of competition between organism and 
organism, between child aud pnrent. will render this ,~ 
I-cry raro o\'ent; for in all cases the now and improved 
forms of lifo tond to supplant tho old and nnilllpro\'ed 
forms. 

13y tho theory of naturtll selection all lil'iug species 
have been connected with tho parent-llllCCiCil of each 
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gcnu~, by differences not greatcr than we see between 
the \'nricties of the sanle speciCfl at the Ill'CIIent day; 
and thcso parent-s}X'Cie!, nOli' generally extinct, hln'c in 
their turn lx>eu similarly connected with more ancient 
"pedes; and !Ill on backward~, ol ll"ay. converging to 
the common oncestor of each grcu.t elMS, N that the 
number of intermediate and trnnsitionnllink~, between 
all Jiying nnd extinct species, must hUI'o been inoon
ceil'ably grcut, But assuredly, if this thoory be true, 
Buch hal'e Ii\'ed upon the carth, 

0" 11M LapM of Time, aJI inferred from 11M "ak of 
lkpMtem. alld ment of DenudtdioJl., 

Independently of our not fiuding fOllSil remain8 of 
such iufinitely numerous connecting link8, it may be 
objected, that time cannot h{we 8uOieed for so great 
nn amount of organic change, nil change8 haying been 
effected ycry 810wly. It ia hnrdly possiblo for IilO even 
to recall to the reader, who ia not a prnetical geologiat, 
tho fact-8 leading tho mind feebly 10 comprehend tho 
lapse of timc, lIe who can read Sir CharlCli Lyell'a 
grand work on the Principles of Geology, which the 
futuro Ilis10rian will recogniBe as hal' ing llroduced a 
rel'olution ill natural seience, yet doc8 not admit how 
,'/lSI ha\'{~ bc<:n the past periods of time, may at once 
dOllC this volnme, Kot that it suffices to study the 
Principles of Geology, or to read special trenti8C8 by 
different obeen'el1l on separate formations, and to mnrk 
how each nuthor attemptB to gil-e nn inadequate idea of 
tho durntion of each formation or CI'en of each atrntum . 
We can best gain some idea or p118t timo by know
ing the ngencie8 at work, and leaTlling how much of 
the 8urface of tho land has been denuded, and how 
much sediment IIIlS been deposil.ed, AI Lyell has well 

If) ~ onpl "II f "rl .. 
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remarked, tbo e:.:tent snd thickness of Ollr 8o..>dilnclltary 
formati'lns aro tho result and tho mea!UfO of tho delll\. 
dation which tho eflrth·s crust haa elsewhere undergone. 
Tlwl"('fore a iliaD should exnmine for himself the great 
piles of stlpe.·imposed strata, and wfltch tho rivulets 
Lringing dowlI lUud, and tiiO waves wooring away the 
scn-eliffs, in order 10 comprehend something floout the 
durntion of IlaSt time, tho monuments of which wo sco 
all ilround \IS. 

lt is good to wander nlong tho COIlS!, wllcn formed of 
moderately hard rocks, and mark tho l)l"O("(lIS of degm. 
datioll. 'fho tides in most CRSC!I reach tho cliffs only 
for a short timo twicc a. day, alld tho waw!S cut into 
tbem only when they are charged with snnd or IKlLLles; 
for ther..' is good evidence that pure WRter elT~ls no-
thing in wearing IIWII)' rock. At JIUSt. till) bose of the 
cliff is nnderlllin('<i, hugo frllg-ments full down, ami 
th(':;(', fCDltlining fixed, luu·o to 00 WOrTI awa.y alom 
by IItom, nntil aftor Loing reduced in 8izo thoy can be 
rolled about by tllo waves, and then thoy fire more 
quickly groull(1 into pebbles, !land, or mud. nut how 
often do wo sec along tbo 00ge& of rdrellting cliffs 
n:mnded boulders, all thickly clothed. by marine pro
ductionlO, Idlowing how littlo they are IIbmded Rmillow 
seldom they Are rolled. about! ~.roreov(>r, if wo follow 
for a few mila rmy line of rocky cliff. whidl is under. 
guing degradation, we find that it is ouly here lind 
tht'1"\', a lollg Il short length or rouml R promontory, that 
the diITs are lit tilt' present time suffering. Tho IIJlpcar. 
IIIH.'O of tho 8UnliCO and tbo vegetatioll show that elsc. 
wllero yoars 1111'·0 elapsed since tho wl\t(>l"8 wl\ljhcd. their 

""'e. 
Wo hllve, Il0wovcr, recently l earnt from the obsel:Va. 

tiona or RaTnaa,·, in tllO vlln of exC{'lIcnt observers, of 
J likes, Geiiric, Croll, and othors. that 8ubaerial dcgrndn. 
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tion is a much more illll)()rhint agency than coast-action, 
or the I)(),,"cr of tbe lml'e~, Tbe whole surface of the 
land is exposcd to the chemical actiOIl of tho air and 
or tile miu-water ll"ith ib! dilJ.'lOh'ed ("t\roonie acid, and 
in colder countries to fl'(l'jt; the disin\f'gmtcd matter 
is carried dowl! el'cn gentle slopes (luring benvr min. 
aud to B grf'Bter extent timn might be supposed, especi
ully ill nrid districts, uy the wind: it is thell trans
ported by the streams ami rivera, Wllich wheu rapid 
doo()(>n their ellflllncls, and triturate the fmg-mcnto, 
On a miny dny, en~n in a gcntly undulating country. 
we see theefl'ocu of snbaerial dl'grndation ill the mudd~' 
rills \lhich flow down cadi slopl', ![c8,<;ra Hnmsay and 
Whitaker ha,-e shOIl'n, and the oi.Jeen-lltion is a m05t 
strikiug onc, that the great linC8 of 6SC8"Jlment in the 
Weolden district Bnd those mnging acr()8(t England, 
which formerly were looked at by every onc n.~ ancient 
lIl'a-ooa.sts, CBOIiOt have been thus fOfllled, for each line 
iii C'omposed of olle and tho same formation, whilst our 
prcllClltsca.clitTsaree\'erywIH>1'C form('{\ brthe intersec
tion of various formation~, 'J'his being tile cllFle, we arc 
compelled to admit tlult the esctlTj)men\8 owe thc.irorigill 
in chief part to Ille rocks of whicll they nre composed 
having fCl<i~W 8ubaerial denndation better than thl' 
8urronnding 8urraI'C; this surfaco colI!1Cqllcnily has beeo 
gradUAlly lowered, with the lines of hamer rock left pro
jI'Cting. Nothing impressc;o the minel with the vastdllra
tioll ohime,aecoming to OUT ideas of time, more forcibly 
than the conviction thus gained that subaerial agencies, 
which apparently have so little power, alld which soem 
to work so slowly, have produced 811Ch grent results. 

Wilen thu8 impressed "ith the slow mte at wJlieh 
the land is \lOTn away throngll sllbncrial and littoral 
action, it is good, in ord('r 10 appreciate tho pnst <lura.
tion of time, to colisider, on tho one hand, tho !\lllllS of 

It'I Th .. C"'''''olete wor!< of Ch"rI.. ...... n j ... 1 ...... 
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rock which has been removed orer many extensive 
alt'QII, an,1 on the other bnnd the thickne8!l of onr &edi
m('ntllry forrnfltions. I remember IUl.l·ing been milch 
struck when ,'icwing volcanic islands, wllich ha"6 boon 
worn by tho ,,·ayc.s and pared all round into pcrpen
dieulllr clifT8 of 0110 or two thousanl feet in height; for 
tho gentle slope of the llwa-strenllls, duo to their for
Illerly Iiqllid state, showed at a glancc holl' f,\r tho liard, 
rocky bc<Is lind onco extended into the open ocean. 
1'ho sarno story is told still more Jlhunly Ly faulta.
those great. enu:ks along which tho strota IU11'o been "11-
hea,·cd on olle side, or throw'l) down ou the other, to tht: 
height. or depth of thousands offl'Ct ; forsiliCC the crust 
cracked, nnd it mukes 110 great difTeren('(l Ilhelher thc 
"IJhcayui II'U 8uddell, or, as most geologi~lq now belieye, 
wu very slow and eHeeled by UlallY sturt", tho surface 
or tho land hall been 80 completely planed down that 
no tmce of tileso ,-sst di~l(l('ations is ext('rnslly \-isiblc. 
Tho Cnlvell fllult, for instance, extends for ullwllrds of 
30 mi les, und along this line the ,'erti('l,1 disil lacemenl 
of tho stMIa. varies from 000 to 3000 fcct. Professor 
Ramsay has published au account of ,\ downthro"< in 
Anglesea. of 1300 fed; und IlC informs me that he 
fully belio\'('s that th"re is one in Merionethshire of 
12,000 feet; yet in these eases there is nothing all 
tho surface of the laud to show such prodigiouil mo\'e
menu; tho Jlile of rocks on either sid(l of th(' crack 
hal<ing been smoothly swcpt aWll). 

On the other hand ill all part.> of the l\"Odd the llilcs 
of sedimeutary strata are of wonderful thickness. In 
tho Cordi\lero. I estimo.ted ono IllIlSS of ('Onglol1lemlo 
at len thousand f.:!et; and nlthough eongloJll(lratca ho.\'c 
probably been accumulated at a quicker rat{l thOll filler 
llJdim~mlB, yet from being formed of WOni u1ld TOun(led 
pebblell, oach of which bears the stamp of time, they 

lhA m .taW ri o f C, 
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are good to show hol'\' slowly the mass must haye been 
heaped together. Professor HamMy has gh'en me the 
maltimum tlli('knCS8, from actual measnrement in most 
en_, of tho successive formations in diffet"tm~ parts of 
Great Uritain; and this is tho result:-

,-
P"llOOZOi() l trab (nQtindudill:;igllf'OlUl belli) 51,154 
~daryltmt" 13,100 
'l'cTliaTY l tmta ::!,240 

-making altogether 72,58-1 foot; tIlat is, Ycry neurly 
thir1.t>en and three-quarten British milee. Somo of the 
formations, which are repre>;entoo in }:ngland by tbin 
beds, are thousnnds of feet in thickllEU on the Con· 
tinent. l(orc(I\'or, between each slu::ce&ivo formation, 
wo IIfIVC, iu tho opinion of llIost geologisu., enormously 
long !)lank periods. So that tho lofty pilo of sediment
ary rocks in Britain gi\'e8 but an inadequate idea of 
tho timo which bag elapsed during their accumulation. 
Tho consicieration of theso various facta impresses the 
mimi alm08t in the sumo maunor liB does tbo vain 
elldeavour to grapI)le witll the idCl\ of ott-mity. 

Nevortheless this impression is partly false. 1&. 
Croll, in a most interesting paper, remarks tbat we 
\10 1I0t err "in fonning too great a conception of l¥ 
length of geological periods." but ill cbtimating tllem 
by yCiln. When geologist!! look at largo and oompH· 
cate(1 phenomena, and then at tbe figures representing 
IiOvernl million years, tllo t"o prodnec Ii totally different 
effoot 011 tbe mind, and the ligures arc at once pro
IlOllneorl to be too small. But in rCb"flro to denudation, 
),[r. Croll shows, by calculating the known amount of 
f!C()imc nt aunual1y brought down by certain rivers, f&o 

Intivcly to the areas of drainage, that 1000 fcct of rock, 
disintegrated through subaerial agene:iet>, would tbus be 
remo\'cd from the mean level of the whole area. in the 
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course of six million years. This IiOI!IUS an astonishing 
result, and BOlUe coIl!lidcrations lead to the su~icion 
tbat it may be much too large, but oven if llrunxl or 
quartered it is still \"Cry surprising. Few of u~, how
ever, kllOw wbat a. million really IUCBIl!I: Mr. Croll gives 
the following illustration: tuke a narrow strip of paper, 
S3 foot 4 inches in length, and stretch it along the 
wall of a large hall ; then mark off at ono cud tho tenth 
of an inch. 1'his tenth of an inch will represent ono 
lmndred yoofS, aud tho entire strip a million years. 
Dut let it be borno ill mind. in relation to tho subject 
of tbis work. wbat a hundred years implies, repfC8(!nted 
as it is by a measure utterly inaignificnnt in a hall 
of tho above dimensiollS_ Several eminent breeders, 
during a singlo lifetime, have 80 largely modified some 
of the higher animals, which propognto tiu:!ir kind 
much more slowly than mOBt of the Iowor animals, that 
they I18YO formed what well deserve to be called now 
sub-breeds. l?ow men have attended with duo care to 
any title Blruin for more than JUlie a centnry, 80 that a 
hundred yoors represents tho work of two breeders in 
8U0eef!8ion. It is not to be supposed that species in a 
state of nature ever change 80 quickly as domostic 
IIlimals under the guidanoo of methodical aclection. 
The comparison would be in every way fairer "ith the 
results which foUow from unconscious selection, tbat is 
the pfC8(!n'ation or tbo mo..--t useful or beautiful auimab, 
with no intention of modifying tbo breed; but by this 
process or ulloou:;oioUli selection, various breeds h:ll'e been 
8€'nsibiy c1Lallged in tho course of two or throo centuries. 

Species, however, probably chango much more slowly, 
anil within tho sarno country ollly a few chauga at tho 
... me time. 'l'his slowness follow8 from all Ole inhabit_ 
ants of tho samo country being already so wen Mlipted 
toO each other that new places iu the polity of uature 
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do not occur until aftcr long inlcr"als, WllCD changes of 
somo kind iu Ihe physical conditiOlls or tbrough immi
gration have occurred; and individual differences or 
"ariations of the right nature, by which some of the 
inhabitants might be better fitted to their new places 
under the altered circumstances, might not at once 
occur. According to tho standard of years wo Ilavo no 
means of determining how long a period it takes to 
modify a species. Mr. Croll jndging from tho amount 
of lloawnergy in tho sun and from tho (late which he 
lUlSigns to tll(~ last glacial epoch, estimates that only 
sixty million years have elapsed since tllO deposition 
of tho fll'llt Cambrian fonnatiou. '1'his appears a ,'ery 
short period for so many and such great mutations in 
the forms of life, tIS ha'\"o certainly since occurred. It 
is admitted that many of tho clements in tho calcu
lation aro more or less doubtful, and Sir 'Y. Thomson 
gives u wide margin to the possiblo ago of tho habit,.. 
ablo world. But IlS we lul.YO seen, wo cannot compre
hend what tho figures 60,000,000 really imply; and 
during this, or perhaps a longer roll of years, tho land 
and tho waters have everywhere teemed with living 
creature&, all exposed to the struggle for lifo and under
going change. 

011 tM Poorness oj our Pale:ontological Colledions. 

Now let us turn to our richest geological musclUllS, 
and what a paltry di.splay we behold! That OUf col
lectiolls aro ,"cry imperfect is admitted by e\'cry one. 
'rho remark of that admimble pnla.lolltologist, Edward 
Forbes, should not be forgotten, namely, that numbers 
of Ollf fossil species are known and named from singlo 
and often broken specimens, or from a foil' specimens 
collected on some one spot. Only 11 smnll portion of 
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tho surmoo of the earth has been goologic:aJly explored, 
and no part with sufficient care, lUI the important dis
coveries made every year in Europe I)ro,'('. No organ
ism wholly 150ft can be preser"ed. Shells IUld bones 
will dccnyand disappear when left on the bottom of the 
sen, where Bediment is not accumulating. I bclic,'o we 
oftell tuke au erronoous view, wben we tacitly ndmit to 
oursoll'es that sodiment is being doposited ovcr ncurly 
the whole bed of the sea, at a ratc sufficiently quick to 
embed and })f(><;(!fve fossil remain!. i'hroughollt an 
enomously large proportion of tho ocean, t110 bright 
bluo tint of the water bespeak.ll its purity. 'I'he many 
Cil8e! on rerun! of a formation collforumbly co\'crod, 
after an immense inten'al of time, by another fllld later 
fonnation, without the underlying bed haloing Buffcn.>d 
in the interval any wear and tear 8C!em explicablo ollly 
on tho "iew of tho bottom or tho 800 not rarely lying 
for IIges in IIIl unaltered condition. '£he remnill! which 
do become embedded, if in sand or grtn-cl, will when 
tho beds aro upraised genomlly be dissolved by tho 
~reolatioll of rain-water charged with carbonic acid. 
&lmo of tho manv kinds of animals whicl. livo on the 
beach behw!t!n high and low water mark seem to be 
rarely preserved. For instance, tho SO"cral spocies of 
the Chtluunalinoo (a 8U.b-rnmily of &eMile cirripedes) 
coat tbe rocke aU m'cr the world in infinite numbers: 
t1.ey are all strictly littoral, with tho nception of a 
8in~le Meditcrrancan species, which inhabits dee]) water, 
and this has been found fossil in Sicily, whereas 1I0t one 
other~pcciC9 lilUl hithcrto been found ill any tertiary for
mation: yet it is now known that thogcnus Chthamalus 
existed during tho Chalk period. Lastly, many great 
deposits requiring \l. "lISt length of timo for their nc
('IlIDulatioll, nre entirely destituw of organic remains. 
without our being able to 9&!ign any reaaon: ono of 

2 A 2 



350 THE POORNESS OF OUR CU.lI'. IX. 

tho mon striking instances is Ulnt of the Flysch (orma
tion, which consists of shale aDd sandstone. I!6veraL 
tllOUlI3ucl, occns:iOlllllly eyeD aix thouSIlnd feet, in thick
ness, and extending for at ICflSt 300 miles from Vienna 
to Switzerland; and o.lthougb tills grco.t mass hils been 
most CilrefuUy IIC8rched. no f088il.s, except a few vege
table remaius, have been found. 

With respect to the terrestrial productions Wllich 
lived during tho Sooondary and PaUoozoio periods, it is 
8UperflUOUB to state tbatour evidence from fossil remains 
is fragmentary in an e:dl'Cmo dcgroo. For instance, 
not a IflUd shell until quito recently Wl18 kno.,m belong
ing to either ofthcso vast periods, with the exception of 
ono species discovered by Sir C. Lyell and Dr. DaWSOIl 

in the carboniferous strata of North America, of which 
shell abovo 8 hundred specimens have now been col
lected. In regard to mammiferous remaip.s, n lingle 
glance at tbe billtorical table publislled ill Lyell's 
Manual will bring home tho truth, how accidental and 
raro is their preservation, far better than pages of 
detail. Xor is their rarity surprising, when we remem
ber ho1\' large II proportion of the bones of tertiary 
mamnlilis havo OO<!n discovered e ithorin Cll\'CS or in 
lacustrine depoeitl; and that not a cavo or truo lacus
trine bod is known belonging to the ago of our secon
dary or pnlreozoic fonnations. 

But tho imperfection in the geological record Inrgely 
result./! from another all(1 moro importnnt CIlU!lO than 
any of the foregoing; namcly, from the several forma
tions being separated from each other by wide interrals 
of time. This doctrine h8.8 been mOlit emphatically 
admitted by many geologists IUld palooontologists, who, 
like E. Forbes, entirely disbelievo in the ehauga of 
speciee. When wo 800 tho formations tabulated in 
writteu works, or when we follow them in nnture, it is 
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difficult to a"oid bclie\'ing that tbey are closely cooso. 
coli'l"e. nut we know, for inatanoo, from Sir It I\f ur
ehisou's great work on UUS8ia, what wide gaps thero aro 
in toot country betwoen the sUlKlrimposcd formations; 
80 it is in North America, anll in many other parts of 
dlo world, Tho most skilfulj geologist, if hill attention 
had been confined exclusively to the90 large territoriee, 
would no,'cr have suspected thnt, during tho periods 
which were blank and bo.rreu in hill own country, grent 
piles of sodiruent, charged with new and peculiar forms 
of life, lInd clsewhere been acc:umulatoo. And if, in 
each scfl4ruto territory, hardly any idea can be formed 
of tho lengtll of timo which liM elapsed between tho 
consecntive formatioUll, we may infer that tbi.:! could 
llowhere be ascertained. The frc<J,ucnt nnd groat 
cbanges in the mineralogical composition of consecutive 
formnlion.s, generally ilnplying great changes in tho 
googrnJlhy of tbe surrounding lauds, whence the IiC<li
ment hM been derived, acoords with tho belief of vast 
intervaL! of time baving elapiKld between each formation, 

But \\0 can, I tbink, 808 why the geologicalformatioUll 
of each ~on are alm08t invariably intermittent; thnt 
is, hayo not followed each other in clo,;/) sequence, 
Scarcely any fact struck mo more when uamining 
many hundred miles of tho BouUl American coasts, 
which havo been Ullrtlised 8e,'eral llundrod feet within 
the recent period, than tIle absence of any recent 
deposits sufficiently cxtensi\'o to last for cyen a .,hon 
geological period. Along tbe whole west coast, which 
is inhabited by a peculiar mRrino fauna, tertiary beds 
aro 80 poorly developed, that no rt)cord of 8o\'eral 
sucoessi,'o nnd pec.uJiiU' marino falmas will probably 
be preser,'od to 0.. distant Bc,"C. A little reHection will 
explain why, along the rising coostof the western sidoof 
South America, no cxtensh'o fonnations with recent or 
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tertiary remains can anywhero be found, though the 
supply of eediment must (or a.:,"1l8 hM"e been great. from 
the enonnous degradation of the COQSt-rocks and from 
muddy streams entering the sen. 'l'ho oxplanation, no 
doubt, is. that tho littoral and 8ub-littoral deposits are 
continually worn away. as soon as tllOyaro brought up 
by tllO slow and gradual rising of tho land within the 
grindingactiOIl of tho coast-\I"aycs. 

We may, 1 thiuk, concludo that sodiment must be 
&cculDulatod in extremely thick, aolid. or extensive 
mlUi8C8, in order to withstand tbe iDOC88Illit action of tho 
wavCi!, whon first upraised and during successive oscilla
tiOIlS of lel'el, Il8 well as the subsequent subaerial degra
dation. Snch thick andextensiyeaccumulation~ of sedi
ment may be formed in two ""a~"8; eitller ill profound 
depths of the Ilea, in which ease the bottolD will not be 
inhabited by 80 many and such '"nriod forms of life, as 
tlle moro shallow seas; and the mM/! wllcn upraised will 
give an impcrfoet record of tho orgallisIns which existed 
throughout tho world during tIle period of its aCClunula
lion. Or, sediment may be deposited to any thickness 
and extent over a shallow bottom, if it contiuue slowly 
to subside. In this latter ~, as long 811 the mte of 
subsideuoo and tho supply of sediment nearly balance 
each otber, the lIC8 will remain IIhallow aDd fal'oumblo 
for many and yaried formi', and thlls a rich fOl8iliferous 
formation, thick enough, uhen ullmised.to resist a large 
amount of denudation, may be formed. 

1 am con'"inced that nearly all our ancient fonna. 
tions, which arc throughout tho greater pnrt of their 
thicknCS8 rich infO#!1s, lJayo thue been formed during 
subsidence. Since publishing my viows 011 this subject 
in 1845. I ha,'O watched the progrcsa of Geology. and 
ha,'o been Inlf))rii!ed to note how author after author, in 
treating of thie or thatgrent formation, has como to the-

Tn .. C,..,mr>lete wor!< of Ch",," n......... nnl """ 



CUP. IX. PAL&QYTOLOOICAL COLLECTIONS. 35D 

conclusion that it WIUI accumulated during subsidence. 
I lDay add, that the ouly ancient tertmry formation ou 
the weet 0088t of South America, which htu! been bulky 
enough to resist such degradation as it htu! as yet 
8tlll"erod, but which will hardly last to a dilliant geolo
gical age, W!\II depositO<!. duriug a downward o.scillation 
of levol, and thus gained considerable thickness. 

Ali geological fllcts tell us plainly that oneh area has 
undergone numerous slow oscillations of level, and appa
rently theso 08CiJlntions ham all"ectod wide IlpaceS. 

Con8l!queniJy fomlntions rich in f08Silli and sufficieniJy 
thick M(I e.J:tellllh'e to resist suLiequcnt degrndntion, 
may have been formed o,'cr wide spnoos durillS periods 
of subsidence, but only where the lIupply of aediment 
was suffieicnt to keep the sen shallow and to embed and 
preserve the remainll before they had timo to decay. 
On the othor hand, as long lUI the bed of the sen 
remained stationary, thieJ,; deposita coul(1 not have been 
accumulatod in the shallow parts, which are the most 
f.wournble to life. Still less could this have happened 
during tho alternate periods of elevation; or, W spenk 
more accurntely, the beds which were then flCCUlDulated 
will genera.lIy ha,"e boon destroyed by beillg upraised 
and brought within the limits of the eo&St-action, 

These remarks 8pply chiefty to littoral and wb
littoral doposita, In the case of an e.J:tensi"e and 
shallow sea, such n.s that v.ithin Ii. large part of the 
Malay Archil)Ciago, where tho depth varies from 30 or 
40 to GO fnthoms, 0. widely extendod formation might be 
formed during a l)Criod of elevation, lind yet not Buffer 
exc0B8iroly from dCliudation during its slow ullheavai; 
but the IhicknC88 of the formation could not be gr'e8t, 
for owing to tho clcvawry movement it would be iCSII 
than the depth iu which it was fonned; nor would the 
deposit btl much oonsolidated, nor be capped by m'er-
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lying format iona, 80 that it would run R good chanco of 
being worn away by atmOllpilcrie dcgrndation and by the 
action of the 5Ca during subsequent oscillations of lovel. 
I t has, however, been suggested by ?Itt. HOllkina, that 
if QDe part of the area. after rising and before being 
denuded, subsided, the deposit formed durieg the rising 
mOl'cmellt, though not thick, might Bfterwards become 
llrotocWd by fresh accumulatiolls, and thUII be prescn-oo 
for a IODg period. 

Mr. llopkillll also expre811e8 his belief that sedimen. 
tary Lode of collsidcrnble laori1.ontal cltWnt have rarely 
been (.'ompletdy destroyed. But all goologists, except. 
ing the few who believe that our present metamor
phic schists and plutonic rocks 01100 formed tho 
primordial nucleus of tho globe, will admit that these 
latter rooks 11.1\'0 been denuded ou •• \1 enormous scale. 
}~or it is scarcely p068iblc that such I'OC'ks oould have 
been IIOlidified and crystallized whilst uncorered; Lnt 
if tllO metamorpllic action occurred at profound dCIJtbs 
of tho Q(!(>au, tho fonner protecting mll.ntlo of rook may 
not lIal'o been "ery thicl.;-. Admitting then that gneiss, 
mica-schist, granite, d iorite, &c., were once neeessnrily 
coyer«! ull, how cun we aet'Ount for the uaked and cx
tell~i\'o areas of such rooks in many part!! of tiiO world, 
cxco:pt on tho belief that thoy hal'o subsequently been 
completely denuded of all ovcrlying strata? That 
such cxtensive areas do exist cannot be doubted: tho 
gnmitic region of l'arime is de.scribed by IIumboldt lUI 

being at least nineteen times A8 largo 8.8 Switzerland. 
P-onth of the Amazon, Boue colouf1l an area colUIXJAed 
of rooks of this naturoas cquai to that of Spain, Froncc, 
Italy, p3.rt of Germany, and tho British Islands, all 
conjoined. 1'his region hILS not been carefully CJ:.plored. 
hut from the concnrrent testimony of travellera, tbe 
granitic fuca is vcry large: thus, Von Eschwego givos 
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a detai led ICCtiOD of these rocks. stretching frOID llio de 
Janeiro for 260 g'oogmphical miles inland in a straight 
line; ond 1 Inn-elled for 150 miles in anotller direction, 
nnd 811.W nothing but granitic rocks. Numerous speci
meDl, collccted along the whole COO8t from nenr Hio 
Janeiro wthe mouth oCthe Platn, a distilnC<l of 1] 00 goo
grtLIJhical miles, wero examined by me, and they all be
longed to this class. Inland, along tho whole nor thorn 
bank of the 1'Iatil I saw, besides modern tertiary beds, 
only ODO BJUalllJUtch of slightly metamorlJhOllCd rock, 
which alollo could ha,o formed a part of the original co.~ 
ping of the granitic .series. Turning to a well·koo1\-n re
giou, namely, to the United Statea and Cannda,. 1l88hown 
in Pro(eesor H. D. Rogers's beautiful map. 1 havo cali
mated the areas by cutting out and weighing the IlDI)Cr. 
and I find tllat the metamorphic (excludiug "the IIC-mi· 
metamorphic ") and granitie rocks exceed, in the pro
portion of 10 to 12'5, the whole of the newer Pnlreozoic 
formations. In wnny regiolls the metamorphic and 
grnnitic rocks lIould be seen to be much moro widely 
exteuded. if all the .sedimentary beds were removed 
which reat unoollformnbly 011 thom, alld which conld 
not 110.'-0 fonned part of the original mantle undcr 
which they were crystallized. nenoo it it probable 
that ill lOme partIJ of the world whole fonnatiolls ha,-o 
Uefln eompletely denuded, with not II. wreek left behind. 

Olle remark is here worth a possing notice. During 
periods or elevation the area of the laud and of the 
adjoining shool parts of the sea will be increased, and 
now stations will often be formed j-all circumstances 
favourable, (IS previously expla.incd. for the forma.tion 
of new '"arieties and species j but during luch periods 
thero will generally be a blank in tbe geological rerord. 
On the oilier hand, during subsidence, the inhabited 
area IUld number of inhabitants will dccreR80 (excepting 
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on tho shoree of fI. continent wben lint broken lip into 
an archipelago), and consequently during 8ubsidence, 
though there ,,-ill be much extinction, (ell' noll' '-arieties 
or species ,,-ill be formed; and it is during these yery 
periods of subsidence, that the deposita which are richest 
in fossils hayo been accumnlated, 

On flI6 AbaenC6 of Numerou~ Inlf!rmedial6 Varieties ii, 
any 01J6 8ingle Formation, 

From theso seyera.l consideration!, itcannot bedoubted 
that tho geological reconl, "iewed Ill! fI. wholo, is extremoly 
imperfect; but if \1'0 confino our atteution to anyone 
(ormation, it becomes much more difiicult to under
stand why \1'0 do not thcrein find closely graduated 
\'arioties between the allied specios ,,-hich li"ed at its 
commencement and at ita close, Severnl CAAC8 are on 
reconl of tho same species presenting mrieties ill tho 
ul)pcr and lo"-er parts of tho samo formation: thus, 
Trnlll8ehold giyes a number of instnIl{.'CS with Am
monites; and Hilgendorf has described a most curious 
case of tell gmdlUltod forms of Planorbis lIluitiformis in 
tho successh'o beds of a fresh-water formation in Switzer
lami. AltJiOugh each formation has indisputably re
quired a yast number of yean! for its deposition, 66nU'al 
l'OD_'·OIl.! co.n be gi,-en why each should not commonly 
includo a graduated IIOriea of links between tho species 
which lived ut ita commeneemelltand d06C; but I can
not assign due proportional weight to tho following 
oonsiclemtions, 

Although euch forlllation may murk 0. very long lnl):l& 
of yem's, each llrobably is s}lon oomparetl with tl16 
period requisite to change one speciCil into fLnothcr, I 
urn uware that two palreontologist.!l, whoso opiniona are 
worthy of much deferelce. namoly Bronu and Wood-
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wanl, 111\\'0 concluded that the ayeroge duration of each 
formation is twioo or thrioo as long as the M'erage 
duration of specific forms. But insuperable diffieulties,. 
as it lIOO:ms to me, prevent us from coming to any just 
conclusion 011 this bead. When wo sec a species first 
allpearing ill tho middle of any formation, it would be 
rash in tho extremo to infer thnt it had not elsewhere 
provioullly e:tistoo. So agllin when we find 0. species 
di!l!lppooriog befure the last layers hal'e been dCllOSited. 
it would be equally rash tollUPpoee Ihllt it then became 
extinct. Wo forget how small tbo arca of Europe is 
compared with tho rest of the world; nor lIa,'O tJle 
severalst~<>e8 of tho Mnle fonnation througboutEurope 
been correlated " 'itll pcrfeet accuracy. 

W ith marino fmimnl9 of all kinds, wo may SIIfely 
infer a largo amount of migrat ion during climatal 
and other changCII; and when wo seo II spc<:ies first 
appearing in any formation, tho Ilrobability is that it 
ouly ilIOn first immigrated into timt arc&. It is well 
kno\n\, for iu.!!lanC<l, tbllt severnl species ap})()8rcd some
what earlier in the poJreozoic bed.!! of North America 
than in those of Europe; timo llaving appnnmtly Lcen 
required for their migmtion from tho American to the 
Eurol)(?ftn 8OQ8. III examining tbe latClit dellO&U in 
various qllllrtel'J of the 'World, it has ererywhere been 
noted, that somo few still cxi~ting 8~iCII are common 
in Ule deposit, bllt Im"o become extinct in the immedi
Itt'ly surrounding sea; or, com'ersc!y, that some arc 
now abundallt in tho neighbouring sea, but are rare or 
absent in this part icular dcposit. It is an excellent 
lesson to relied on tho u.secrWillOO amount of migrat ion 
of tho inhnbiwlIts of Europe during the glacial epoch, 
which forms only a part of ono whole geological period; 
and liko"'iae to rofloet on tho chllngea of Jorel, on the 
extremo chnngo of elimatc, and on tho great lapso of 
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time, a1l inc.Juded within this same glAcial period. Yet 
it may be doubted whether, in any quarter of the 
world, Ik.'dimentary deposits, indOOing foail. rtmains, 
11Iu'0 gone on accumulating witlliu tho IIIl.me area 
during tho whole of this period, It is not, for instance, 
proooblo that sediment Wnil deposited during the whole 
of tho glacial period ncar the mouth of tho Mi88issi]lpi, 
within that limit of depth at which Illariuo animals call 
best flouriali: for we know that great googrnphical 
changes occurred in other parts of America during this 
space of time, When such beds fill were derlOSitod in 
sballow water ncar tho mouth of the UilllJill8iplli during 
aome part of the glacial peri<xl sball have been up
raised, organic remains "ill prooobly first appear and 
(lisnIJI>car at different levels, owing to tho migrations of 
apeeies and to grographica.l change&. And in the 
di..;tant future, 0. geologbt,cxnmining these beds, would 
\xl tcmllted to conclude that the In-crago dumtion of 
life of tho eml>edded fossils harl ken leM than that 
of tho glacial period, instead of haviug boou really fur 
greater, that is, extending from Ocforo tho glacial epoch 
tothoprcacntday, 

In order to get a perfect gradation Octl\'oou two forms 
in the ullper and lower parts of ihe Mmo formation, the 
deposit will have to go on continnollslyaccumulating 
during a "ery long period, so that there may be time 
Buffieient for the slow process of modiRcatioll; henoo the 
depo!Jt II ill have to be a very thick one; alld the species 
undergoing change will hM'c to lire in the same dis
trict throughout this whole time, But we Imve seen 
thnt II thick fonuation, fOfl.:jiliferous throllghout its 
entire thicknel!ll, can accnwulnteouly during a period of 
subiiideliCCl; and to keep tho depth approximlltely the 
Mme, Wllich is necessary that tho Mille marine species 
may H\"o on the Mme space, the SIlJlllly of BCdiment 
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must ncarly colwterbo.lanoo tIle amount of snbsidence. 
Bnt this Mme movement of subsidence will teoo to 
submerge the nrea whence the sedimcnt is dcri\"oo, and 
thus dimiuish the sUllllly whilst the downward mO'l"e
mcnt continues. III fnet, this nearly cxact lxlllUleing 
betwcen tho 8upply of sediment ani"! tho aDlollnt of sub
sidence is prooobly a roro contingency; for it hIlS been 
obscn'etl by moro than ono pnllrontologist, that yery 
thick deposita nrc usually harren of organic remains, 
exec)lt near their upper or lower limit& 

It would sc.cm that each separate fOlmntion, like tho 
wholo pilo of formations in any country, hIlS genl!l'll.lly 
been intcnnittent ill its RCCnDllllation. 'Vhen we see, 
M is 110 often the case, a formation composed of beds 
of different mineralogical composition, wo lIIay re6SOlI
ably suspect. that the procell8 of deposition has been 
much interrul'tcd, as II. change in the currents of the 
sea and 1\ supply of scdiment of a different nature will 
generally have boon duo to googril.phical cllanges re
quiring much time. Nor will tho eloecst inspection of 
a formation giro any idea of tllO time whieh ita doJlO"" 
sition hIlS consumed. l(any instancca could be giYcn 
of beds only a few fect in thie1.--uC!M, representing for
mation", elsewhere thollSRnds of fect in thickucas. lUIel 
which must hn\-o required an enormous period for their 
accumulation; yet no one ignorant of this fnet would 
ha\'e IUSpected tim YlISt lapee of tUIiO represented by 
the thinner formation, Many C85e9 could be gil'cn of 
tho 101l-er beds of a formation h8\'ing boon uprnised, 
denuded, submergod, and then re-col'ercd by tho upper 
beds cf tho Mille formation,-fucts, sholling II hat wide, 
ret eMily o\'erlookeel, intermls have occurred in its nCCIl
mulntion. Iii other cases wc hayc tho)llainest el"idence 
in great f088ilised trees, still standing uI)right lIS they 
grell', of many long intervals of timo and changee of 
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lo\'el during tho process oC dep08ition, which would 
never o\"en ba\"e been suspected, b~ not tho trees 
dlRlIeed to have been presen'oo: thU8 Sir C. Lyell nnd 
Dr. DIlII'BOn found carboniferous beds 1400 feet thick 
in Nora Scotia, with ancient root-bearing strata, one 
above the other, at no less tImn 8ixty-eight different 
lovels, Henoo, when the 8Il.mo Bp(l('iea occur Ilt tho 
oottom, middle, and top of a formation, tho probability 
iii that they have not lived on tho samo epot during tho 
wholo period of deposition, but have diso.ppenroo and 
reapp£'ared, parllRps mnny tillle.~, during the same ge0-
logical period. So that, if lilli'll BJ>eciee were to undergo 
a considerablo amonnt of modiflcation during nny one 
geological IX!riod, a IICCtion would not include all the 
line intemlediate gradations which must on our theory 
lIa\'O existed betwoon them, but abrupt, though perhaps 
alight, ehanges of form. 

It ia all-important w remember that naturalists ha\'e 
no golden rule by whieh w distinguish species and 
varieties j they grant some littlo variability to each 
specios, but when they meet with a somowhat greater 
amollnt of difference between any two fonns, they rank 
both 88 speciet!, unless they are enabled to connect them 
together by the closest intermediato gradatiol1&. .And 
this from the reasons just assigned we can seldom hope 
to effect in ROY one geological IIOOtion. Supposiog B 
RW! C to be two species, and a third, A, to be found in 
an older ond underlying bed; eyen if A were strictly 
intermediate between Band C, it would timilly be 
ranked Il8 R third and distinct species, llnlees at the so.me 
tilllo it coulll be most closely connected with ei ther 
ono or both forms by intermediato ,"arieties. Nor 
should it be forgotten, 88 before explained, tllllt.1 might 
be the nctuallJrogeoiwr of nand 0, IUld yet might not 
nCOOl388.rily be strictly intermediate betwC(!n them in all 
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~ So that we might obtain the ptU'(lnwpecie8 
and its 8O\'cI'I"I1 modified descendants from the lower 
and upper beds of the 8I1mo formation, and unless 
we obtained numerous t.mnsitionnl gmdatioll3, we 
should not recognise their blood.relationship. and 
should consequcntly be compelled to rank tholll lIS dis
tillet specic8. 

It ill notorious on what exoossivcly slight differences 
many pnhooutolog1sts hMe founded their sredee j and 
they do tbis tho more readily if tho speeimellB come 
from different 8ub-Btages of the same formation. Somo 
cxperienood conchologiats are nolY sinking many of the 
\'cry fino species of D'Orbigny and otbers iuto the rank 
of l'arictica; aud on this view we do find tbo kind of 
cl'idenoo of ehange which on the thCO!'y we ought to 
find. Look again at the later tertiary deposita, which 
includo many shd!s believed by ihe mnjority or uatu
rnli,;t.B to be identieal with c:tistillg spocics; but somo 
excellent natul'IIlists. as Ago.esiz and Pictet, maintain 
tbat all tbeso tertiary species are specifically distinct, 
though the distinction is admitted to be vcry slight; 
80 that here, unll;lSS 'I'e believe tl18t these eminCllt natu
raliSUi ha\'o boon misled by their imaginations, and that 
these late tertiary species really present no diffcrence 
whatel'er from their living representatil'et!, or nnle88 wo 
bclicl'o that tho great majority of naturalists are wrong 
and that the tertiary species are aU truly distinct from 
the recent, we have evidence of the frequent occurrence 
of slight modifications of the kind required. 1£ we look 
to rather wider intcl"l'als of time, namely, to distinct 
but consecutive stagee of the samo great formation, we 
find that thoemoodded fossils, though nlmoet universally 
mnked as specifioolly differe~t, yet are far more cloeely 
related to each olher than are tho species found in more 
widely separated formatiollB; so thnt here again we 
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havo undoubted ovidence or chango in the direction 
required by the theory; but to this latter subject I 
8h,1I1 have to return in tbe roUowing chapter. 

Witb animals and plants that propagate mpidlyand 
do not ""finder much, there is reuon to !ll8pect, n8 wo 
lu)Vororrncrly 8Cen, that their varieties nrogcnemlJy at 
first local ; nnd that such local varieties do not spread 
widely and SUpplllllt tliei r parent.rorms until they have 
been modifiod and perfected in aomo co1lllidcrnble degree. 
According to this view, tho clianoo of di800veriug in 0. 

formation in anyone country all tho early stages of 
transition between any two such formll, ia mall, for the 
llUooe8Bi,'o changes are supposed to ha,·o been local or 
confined to some one spot. Most marino anima1a hayo 
a wido mnge; and we havo acen that ".-ilh plant.!! it is 
thOllO which have tho widest ronge, that oftenest present 
varictiea; 110 that, with she1ls and other marine animal!>, 
it is ])roooble that thoee which hnvo had tho widest 
mnge, fnr exceeding the limits of tho known goological 
formations of Europe, havo ofteuest given r ise, first to 
local varieties and ultimately to new specie!; and tbis 
again wonld greatly iC8Sen the chance or onr being able 
to trace the litag<.>:s of transition in any ono geological 
formation. 

It is a more important ooll!idcmtion, leading to the 
same fClIUIt, as lately insisted on by Dr. :Falconer, 
namely, that the period during which each species 
underwent modification, though long as measured by 
years, was, from tho reasons lately 888igned, prooobly 
Bhort in comparison with Ulat during which it remained 
without undergoing any ellango. 

It ~houlc1 1I0t be forgotten, that at tho PfC8(!cut day, 
with perfect specimens for e.xalliinfitioll, two fonnll can 
seldom be conllccted by intermediate varietioe, and thus 
proved to be the same speciee, until many specimeos 
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aro oollected from many places; and in tho case of 
fossil SlleCieB tbis can rarely be elJ'octed by pa~Dto
logisl!. Wo shall, perhaps, best perceive ilie impro
bability of our being enabled to connect species by 
IlUJDeroUi fine, intcnnediate fossil links, by tlBking our
seh'es whether, for instance, geologists at /IOmo future 
period .... ill be able to pro,-o that our diffcrent broods of 
cattle, sheep, horses, and dogs are desccnded from a 
single stock or from 8el'eral aborigillal stocks; or, agnin, 
whctller ocrtain soo,·shells inhabiting tho shol'C!l of 
North America,which are mnked by some oonchologists 
IlS di~tinct species from their European representatives, 
and by other concllologists as only \'urietics, are really 
mrieti08, or are, Il8 it is called, specifically distinct. 
This coulcl be effected only by tho future geologist 
disoo\'cring in a fossil state nnmerous intcnnediute gra
dations i and such success is improbable in tho highest 
dogree. 

It hIlS boon asserted o\"er and o\"er again, by writers 
who believe in the immutability of speciOll, tbat goology 
yields 110 linking forms. This Il88Crtion is entirely 
erroncoUB. At Rir J. Lubbock hIlS remarked, "Every 
species is a link between other allied fonus." We 
clearly 100 tilis if we tako a genus hA\'ing a score 
of recent and extinct species and destroy four-fifths of 
them i fOr in this case no one doubts that the re
mainder will stand mnch more distinct from each otber. 
If tho extreme forJllil in the genus happen to have been 
thus d(IfJtroyed. the genus itself in nlM CIlS(!fI will stund 
more distinct from other allied genem. The eamd and 
the llig. or the horse aud the tallir, are now ob\'ions1y 
very distinct forms i but if \\'6 add Ole 1I(l\'erol fossil 
qUlldnllJCocls wilich hl\l'e already been discovered to tIle 
families including the camel and pig, these forms be
come joined by links not extremely wide ClpRrt. Tho 
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chain of linking forms does not, bowel-cr, in these cases,. 
or in any CR8e, run straight from the ODe living form to 
the other, hut takes a circuitous sweep through the 
forme which Ih·ed during long-past. agee. What ge0-
logical research has not nwealed, ie tho formor existence 
of infinitely numerous gradatione, aa fine lUI exiaung 
yarietice, connecting DeaJly all our existing IIpccies 
with C-l:tinctspccie~. But thisollght lIot to be expected; 
yet thia hall been repeatedly advanced as a most BCrioU3 
objection agaillBt my views. 

It may be worth while to sum up tho foregoing 
remllrks on the caU!Je8 of the imperfection of the ge0-

logical rcoord under an imaginary illustration. The 
Malay Archipelago is about the si2e of Europo from the 
North Capo to the Mediterranean, and from Britain to 
RU88ia j and therefore equals all the geological forma
tioll8 which Ilfwe been examined with any accurney, 
oxcepting th088 of the United States of America.. I 
fully agree with Ur" Godwin-Austen, that tho present 
condition of the Malay Archipelago, with il.9 numerous 
largo islands BCparated by wide aud shallow seW!, pro
boNy repreBCntil the former state of Enrope, whilst 
mCbt of our formations 1\"ere accumulatiug. '1'ho lU:a.lay 
Archipe1ago is one of the richest n!giOIlH of tho whole 
world in organio beings j yet if oJl tho species woro to 
be collected II-woh ha,"eover lived thero, how imperfectly 
wonld they represent the natural history of the world! 

But wo have every reason to belie'"e that the terres
trial produetiolls of the archipelago would be llreBerved 
in nn extremely imperfect manDer ill the formatiollB
which we suppose to be there accumulating. Not mally 
of tho strictly littoral animals, or of those which lived 
on naked submarine rocks, w0I1Id be embedded j and 
tl108C embedded in gra,·el or sand would not endure to 
a distaut epoch. Where\·er sediment did not seeu· 
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mulato on the bed of the sea, or wbere it did not aoou
mulato at a ,ulllcientmte to protect organic bodies from 
decay, 110 remains could be preserved. 

Formationll rich in fO@.Sits of many kind!!, and of thick· 
nCSl sufficicnt to last to an age as distant in futnrity as 
tho 8000ndary formations lie in the past} 'would generally 
be formed in tll0 archipelago only during periods of 
subsidence. Thcso periods of subsidence would be 
sepamtc<1 from eacb other by immense intervals of time, 
during which tbe area would be eitber statiounry or 
ri&ing j whilst rising, the fossiliferous formatioOl on the 
stooper shon!!! would be destroyed, almost as BOOn as 
ACCumulated, by the incessant COfI8t..flction, 88 ,,·e now 
800 on the shores of South America j oven throughout 
the extensive and shallow seas within the archipelago 
sedimentary beds could hardly be accumulated of great 
thickDCSI during the periods of clevation, or become 
capped and protected by subsequent deposits, so WI to 
have a good chance of enduring to n very distant future. 
During the periods of subsidence, there would probably 
be much extinctiOll of life; during the periods of eleva· 
tion, there would be much variation, but tho geological 
rcoord would tllCn be leru;t perfect. 

It may be doubted whether the duration of anyone 
great period of subsidence over the whole or part of the 
archipelago. together with 8 contemporaneous accu· 
mulation of sediment, would ~ the 8'·ernge duration 
of the 8Rme specific forms j and these contingencies are 
indispensable for the preservation of all the transitional 
gmdations between any two or more species. If such 
gradations wcro not all fully preSllryed, tran&itional 
varieties would merely appear ag 80 11IImy new and 
distinct species. It is also probable thnt each great 
period of subsidence wonld be interrupted by oscillatiollS 
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of level, and tbat slight climatal changes wouJd inter
,·cno during such lengthy periods; and in these CIl8e8 

tho inlJabitants of the archipelago would migrate, and 
no clOflClyconsecntive record of their modificatiol1!!could 
be prescn·od in anyone formation. 

Very many of tho marino inhabitants of tho arehipe. 
lago now range thousands of miles beyond its confines j 
and unalo~y plainly leads to tho belief that it would be 
chiefly these fllr-ranging species, though only !!Ome of 
them, which would oftenest produce lIew vurieucs; and 
the TarietiCIJ would at fitllt generally be local or con· 
fined to olle place, but if 1KlS8C8ged of any decided 
adnmtAge, or when further modified and improved, 
they would slowly spread and supplant their parent· 
(omls. 'Vhen such nrieties returned to their ancient 
bOllles, lUI thoy would differ from their former state, in 
a nearly uniform, thougb perhaps extremely slight de
gree, and {I!J they would be found embedded in slightly 
different sulJ..stages of the samo formation, tboy would, 
ilOCOrding to tho principles followed by many paL:eont;o... 
logistB, bo ranked lUI now and distinct sl)OCies. 

If then thero be some degree of truth in these 
remarks, we IlIn·e no right to expect to find, ill our 
goological formations, an infinite number of thOllO fine 
transitional forms which, on our thcory, havo connected 
all the past and present speciCIJ of the same group into 
ono long and bm.nebing chain of lifc. We ought only 
to look for a few links, a.nd such t\88llrodly \Ie do find 
---8()IUO more distantly, some more eloee.iy, related to 
each other; and these links, let them be ever so close, 
if /Dund ill different stages of tho SODlO formation, would, 
by lOnny paiu.'Ontologists, be rRnke<1 as distinct species. 
Dut I do not pretend thnt I should el'er hn'·e suspected 
how poor WIUI tho record in the beet preacn·oo goological 
sections, had not the absence of illllnmerablo transitional 
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links between the species which li"ed at the commence
men' aod cloae of each formation, llressed 80 hardly OD 
mythoory. 

On 1M ,udden Appearancl! of u-hok aro"p, of allied 
Specia. 

'l'he abrupt manner iu wh ich whole groups of speeies 
suddenly appear in certain formations, hlU! Uecn urged 
by severnl pallOOntologists-for instance, by Agassiz, 
Pictct, and Sedgwick--8ll a fatal objection to tbe belief 
in the trnnsmutation of species. Jf numerous species, 
belonging to the same genera or families, have really 
started into life at once, the fact would 00 fatal to 
the theory of dcecent with slow modification through 
natural selection. For the de"ciopmcnt of a group 
of forms, all of which h;..,.e descended from lOme one 
progenitor. must have been an extremely slow pl'OCCSII; 
and tho progonitors must havo lived long ages before 
their modified descendants. But we continually over
rate tho perfection of the geological record, Ilud falsely 
infer, OOcnuse certain genera or familiceIJ8\'e !lot been 
found beneath a certain stage, that thoy did not exb-t 
before that stage. In all ca9CB positin~ pfllroontological 
ovidence may be implicitly trosted; n<'gfltive evidence 
is worthletl8, as experience has 80 ollen shown. ,,-e 
continually forget how large the \\"Orld is, compo.re<i with 
tho area over which our geological formntiOIlll have been 
carefully examined; "-e forget that groups of species 
Olay elsc\\herc have long existed, anel have slowly mul+ 
tiplied, berOte they invaded tho ancient archipelngoes 
of Europe nnd tho United SUltes, We do not mflke 
duo allowanoo for the enormous intctl'als of timo which 
have elapsed between our ooDIICCutil'O formations,
longer perhaps in many cases than tho time required 
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for tllO accumulation of each formation, These in
tcn'tlis will havo given time for the multiplication of 
sl)OCiCIJ from BOrne one or lOme few parent-fon:ns; and 
in the succeeding formation such groups of species will 
appear 8.8 if suddenly created, 

r may here recall a remark fonnerly made, namely, 
tlint it might require a long succession of agee to adapt 
an organisUi to aomo new and peculiar lino of life, for 
instanoo, to fiy through the air; nnd consequently that 
the tra.mlitional fotllUl would often 10llg remain confined 
to lOme one region; but that, when this adaptation had 
onoo been effected, and a few speciea had thUII aequired 
a great advantage o\'er other organisms, a compara
tively shott. time would be nooeseary to produce many 
di'ergent fonos, whieh would spread rapidly and widely 
throughout tho world, ProfelOOr Pictet, ill his exoollent 
Ueview of this work, in commenting on early trans
itional fonns, and taking birds as an illustration, cannot 
800 how tho suooossinl modificatiOIll! of tho anwrior 
limbs of a supposed prototype could possibly have hoen 
of auy advantage, liut look at tho peuguillS of tho 
Southern Ocean; h8\'o not these birds their front limbs 
in this precise intermediate state of" neither true arms 
nor tnlO '!'ringa"? Yet these birds hold their I,iaoe vic
torioualy in the oottlo for life; for they exist in infinite 
numbers and of many l..-inds. I do not. IUPpoee that we 
here eee the real transitional gradcs through whieL the 
wings of birds havo passed; hut what 8pecial difficulty 
is thero ill believing that it might profit the modified 
d0800ndnnts of tho penguin, flnt to become enabled 
to flai' nlong tho surface of tile IIOIl like the logger
headed duc.k, and ultimately to rise from its 8urface 
and glide through the air ? 

I will now give a few examples to illustrate the fore
going remarks, and to @how how liable we are to crror 
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in suppoaing that whole group;! of specie. have luddenl,. 
been produced. Even in 80 short an inten·al 8.8 that 
bctWoell the tim and secoud editions of Pietet"s great 
work on Palroontology, llublished in 1844-46 and in 
1853-57, tho oonclmlioD8 on the tit'Bt appearance and 
disappearance of severnl groups of animals have boon 
.eonsidernbly modified; and a third edition would re
quire still further changes. I may recall tho well
,known fl\Ct that jn geological trootiflCB, llUhlialled not 
many yean ago, mammals were always spoken of as 
having abruptly come in at the commencement of the 
tertiary series. And now one of the richest known 
accumulations of fossil mammals, for ita thickness, be-
10llgs to tho middle of the secondary &cries; and true 
mammals have been diaoo,·ered in the new red IlaIld
stone at nearly the commencement of this groot IICries. 
euvier Il80d to urge that no monkey occurred in any 
tertiary stratum; but now cxtiuet species have been 
discovered in India, &luth America, and jn Europe, 88 
far back 88 tho miocene stage. TIad it not boon for the 
mre accident of the pres;m-ation of footsteps in tho now 
,rod eandstone of the United States, who would have 
ventured to suppose that, besides relltilos, no leas than 
at least thirty kinds of birds. some of b-igantic size, 
existed during that period? Not a fragment of bone 
has been disoovered in these beds. Noh"ilhstanding 
that the number of joints shown in the f088il impres
sions oorresponds with the number in the &el'cral toes 
of living hirda' feet, IiOme authors doubt whctllcr the 
animals which left these impressions wera really birds. 
Until quite rocently thCilO authOr!! might havo Iliain
tained, nnd IiOmc havo IIUlintained, tllnt the whole class 
of birds CIlDle suddenly into existenoo during tho eocene 
IXlriod; but now we know, on the authority of ProfCSfJOr 
Owen, that tl. bini certainly !il"ed during the deposition 
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of tho lll'per greensand: and still more recently, that 
stnmge Linl, the .A.rchooptery:t, with a long lizard-like 
tail, bearing a pair of feathen on each joint, and with 
ita winga furnished with two (ree claws, has been 
di8COvered ill the oolitic slates of Solenhofen. Ramly 
ally rreent discovery shows Dloro forcibly than tllis, 
Iiolt' little wo as yet know of the fonner inhabitants of 
ilie world. 

I Dlay giv~ Mother instonee, which, from lllning 
Il!I8!Itld under my own eyes, luis milch struck mo. In 
a memoir 011 }'oeail Sesailo Cirripedes, I have, ltated 
that, from the large number of cx.isting and extinct 
tertiary speci~; from tho extmordinaryabundance of 
tho indi\'idualll of many lpecies all over the world, from 
the Arctic regions to tho equator, inhabiting variollll 
zonet! of depths from tho upper tidal limits to 50 
fathoms; from the perfect manncr in which specimens 
uro llreservcd in the oldest tertiary bods; from tho C8!IO 

with which oycn a fragment of a valvo call be recog
nised; from all these circumstnncetl, I infcrred that, had 
lIC8Silo cirripro('S existed during tho sccolld!\ry periods, 
they would certnif!.ly hAvo hoen pre8('n'oo !\nd disco
Yen'(l; find as not Olle species hM then bee.n discovered 
in Ueda of this nge, I concluded that this great group 
had been suddenly developed nt tho oommencemcut of 
tlm tertiary 8e:ries. This WIlS a 8I)re trouble to me, 
adding as I thought ono more instancc of the abrup1; 
al'rlC(lrancc of a great group of ~iee. But my work 
had hanlly been published, when a skilful palmonto
logist, At llosquet, sent me a drawing of a pafec, 
specimen of nn nnmistnkeablo scss.ile eirripc1le, which 
ho had himsclf cxtmcted from tho chnlk of 13clgium . 
.And, lUI if to make tho case IlS striking 88 possible, tllis 
8CS8ilo eirripode WIUI a Chthamnlus, a very common, 
large, and ubiquitous genus, of whieh not one specimen 
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has as yet been found even in any tertiary stratum. 
Hence we now )KlSitively know that lIC8SiJO cirripcdes 
existed during the I!eCOndary period; and thC96 cirri
pede!! might 110.\'0 been tho )lrogellitora of our many 
tertiary flod existing species. 

Tho ease most frequently insisted 011 by palooonro
logista of tho appareutly sudden appearance of Il. wholo 
group of spocies, is that of the telOOfltcan fishes, low 
down in tho Chalk period. This group includea tho 
large majority of existing species. Lo.wly, rrofossor 
Pictot bas carried their existence ono IIUb-6tagO further 
back; and /lOmo pallOOntologists beliol'O that certain 
much oldcr fiahce, of whieh the affinities are 811 yet 
imperfectly known, are really teleo&tcan, A8lruming, 
howe\'cr, that the lII'llole of them did appear, as Agassiz 
maintain!, at the commencement of the chalk forma· 
tion, the fact would certainly be highly remarkable; but 
I cannot ace that it would be an insuperable objection 
to thCllO views, unless it oould like"'iso be shown that 
tllO spodes of this grollp appeared suddenly and simul
tanoou.sly throughout the world nt this same period. 
It is almost superfluous to remark that Imrdly any 
fossil·fi.B1t uro kno\'\'n from lIOuth of tho equator; IUId 
by running through Pictet's Palroontology it will be 
&Cell that vcry few speciea arc known from &e\'eml 
fonnatiolls in Europe. Some few famili08 of fish now 
run-e a confined mnge; the teloostean fish might for
merly ba\-e bad a similarly confined muge, and after 
having bc<>nlargcly developed in IOmo one sen, might 
ha,'e spread widely, Nor ha,'e wo any right to sup
poet) that tho SCI\8 of the world have always OOcn 80 
fre<'ly open from 80IIth to north 1\8 they are at present. 
Eveu at thig uay, if the Malay Arehipclago were oon
W!rtcd into land, tho tropical parts of the Indiau Ocean 
would form a large IUld perfectly enclosed bRain, in 
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which any great group of marine animate might be 
multiplied; and here they would remain oonftned, until 
some of tbe species beea.me adapted to a cooler climate, 
And were enabled to double tho lOuthem capes of Arrica. 
or Australia, and thus reach other and distant 8CM. 

}~rom thcso oousiderntions, from our ignoranoo or the 
gcologyofother countries beyond the confines of Europe 
all(l tho United States, nnd from tho revolution in our 
palooontologicul knowledge efToctOO. by the disooveries 
of the last dozen years, it seems to me to be about as 
rash to dogmatize on the succession of organic forms 
throughout tho world, as it would be for a naturalist 
to land for firo minutes on a barren IJOint in Australia, 
and then to disctuB the number and tango of its pro
ductions. 

On. tl~ ,uddeJ&, AppMranu cif Group' of alU«l Sp«:iea 
in. tl~ lowut kMWn. Folliliferoua Strata. 

There is another Ilnd allied difficulty, which is much 
mOre serious. I allude to the manner in which many 
species in several of the main divisions of the animal 
kingdom suddenly appear in the lowest known fossil
iferous rooks. Arest of the a'Wlmenta which have con
,·inced me that all the existing species of the same 
group are descended from a single ]lrogcnitor, apply 
with nearly equal force to the earliest known spec..cs. 
For instance, it cannot be doubted that aU the Silurian 
trilobitCli are descended from lOme one crustacean, 
which must have lived long before the Silurian age, and 
which prohn.bly differed greatly from any known animal 
Some of tho most ancient Silurian animals, as the 
Nautilus, Lingula, &c., do lIot differ much from living 
spocies j and it cannot on our theory be supposed, that 
theae old species well;! the progenitors of all the species 

C The C..,molet Nork of Charles JlII'W,n 'lIIIl.. 



Ou.r.IX. IS J.OWEST FOSSlLIFEUOUS STUATA. 379 

belonging to the 88me grouJlll which l\a\-e lubeequenUy 
appeared, for they are n<lt in any degree intermediate 
in ehan\Ctcr. 

Consequently, if the theory be tnle, it is indispu~ 
able that. before the lowen Silurian or Cambrian 
stratuDi WI\S deposited long periods elapsed. M long as. 
or Jlrobably far longer than. the nhole interval front 
tho Cambrian ago to tho present day; and that during 
tllCse vnat periods tho world swarmod with living crea
ture&. nere we enconnter a formidable objection; for 
it seems doubtful whether the earth in 8 fit state for tho 
habitation of living creatnres haa lasted long enough. 
Sir W. Thompeou concludes that tho consolidation of 
the crust can hardly have occurred 1088 thau 20 or 
more than 400 million years ago. but probably not 
less than 98 or more thau 200 million yool'& ThC80 
very wido limits show bow doubtful tho data arc; and 
other olements Illay have to be introduced iuto the 
problem. Mi. Croll Clltimates that about 00 million 
yoars 111"'0 clapse<l since the Cambrian period. but 
t1lis, judging from tho small amount of organic change 
since tllO commencement of tho GlaciDJ epoch. &eC1ll8 a 
ycry short time for tho many and great mutatiol1s of 
lire, which 118\'0 certaiuly occurred since 010 Cambrian 
formation; and the previous 140 million yoors can 
hardly be considered 8!1 sufficient for the dO\'clopmcnt 
of the varied forms of life which certainly existed 
towards tho e1088 of the Cambrian period. 

ffo the qUOIiItion why wo <10 not find rich f088ilifCl'OUli 
deposits belonging to these assumed earliest periods, lean 
give no satisfactory answer. Severol eminent geologists, 
with Sir n. Murohi.80n at their head, wero lmtil recently 
convinced that we beheld in tlle organic remains of the 
lowen Silurian stratum tbe first dawn of lifo. Other 
highly competent judges. as Ly('11 and E. }~orOOJ, ha\'e 
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disputed this conclll!iou. ' We should not torget that only 
0. small portion of tho lI'orld ill l.-uown with nccuracy, 
Not long ago M. Barmndo added another and lower 
~tagc, abounding with new and peculiar Ilpeciee benenth 
tho old Silurian syswm. Remnanta of IICVeral torms 
lulVo also been deleeted beneath BalTf\.ndo's ~alled 
primordial zone in tho Llngmynd group, now dh'ided 
into two stages. and constituting the Lower Cambrian 
system. Still more rocently, tho remarkable disco\'el)' 
has been mado by Torol! of tho remains of monocoty
ledonous plants in a Swedish formation, corresponding 
with the Longmynd gronp; 80 that terrestrial or fresh
water plants existed 8Cveral great stages lower down ill 
tho series than has hitherto been snplKJ8C<I. Tho pre
ecnce also of pll()8phatic nodulCfl nlld bitmninoU8 matter 
in !Klmo ot tho IOIl"est azoic rocks, probably indicates 
lite at th080 periods. Now tho grent discovery of tho 
Eozoon in the Laurentian formation of Canada. has been 
made, for after rending Dr. Carpenter's description of this 
fossil, it is scarcely possiblo to doubt regarding its 
organic nature. 'l1lero are throe great series of strata 
beneath the Silurian system in Cnlladll, in tho lowest 
of which tILe EoZOOIi was found j nud Sir W. Logan 
states that their ... united thickness may po68ibly tar 
.. fJUrpaBII that of nil tim sncceeding rocks, from tho 
" base of tho palroozoic series to tho present time, Wo 
"aro thus rorried back to 0. lK'riod so remote, that 
"tho appearanoo of the so-called Primordial fanna. (of 
"Bo.rrando) may Ly somo be considered as a comparo
"ti\'ely modcrn cl'cnt." 'rho EOZOOll belongs to tho 
most lowly organised of all clo.sses of animals. but tor 
ita class is highly organised; it existed in COllUUeI!S 
numbers, and, as Dr, Dawsou hIlS remarked, certuinly 
preyed on other miuute organic beings, which mu,;t 
li",,'o lired iu great numbers. Thus tllO words, which 
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I wrote ill 1850, about the '·Q.8t periods which had 
Ilrobably elapsed before the Cambrian system, are almost 
the same with tl.ose since used by Sir W. Logan. 
Ncvcrtheless the difficulty of nssigniug (IllY good. reQ.80n 
for the absence beneath the Upper Cambrian formations 
()( vast. )liles o( strata rich in (o;;sils is very great. It 
does not seem probable that the mo:.-t ancieut beds have 
been quite worn away by denudation, or that their 
fossils hal'e been wllOlly obliterated by metamorphic 
action, for if this Imd been tho case we should havo 
found ouly small remnants of the formations next sue
ceeiling them in age, and theso would always IIBVO 

existed in II. partially metamorphosed condition. Bnt 
tho descriptions which we possess of the Silurian 
deposits ol'er immense territories in Russia and in 
North America, do not sUllport tho "jew, that the older 
a formation is, the more it bas iumrinbly suffered ex
treme denudation aud metamorphism. 

The Cfu;(l fit present mnst remain inexplicable; and 
may be truly urged CIS a valid argument "e,"'Il.inst tbe 
views here entertained. To show that it lIlay hereafter 
f(!()Cive IJOm6 explanation, I will gi"e the following 
hypothesis. From tho natnro of the organic remainB 
which do not appear to have inllabited profound depths, 
in the soyersl formations of }~urope aud of the United 
States j and from tho amount of sediment, miles in 
thicknCS8, of which the formntions aro composed, 11'0 
!IIay infer that from first to last large islands or tmets 
of land. whence tho sediment was derived, occurred in 
the neighbourhood of the now existing continents of 
Europe and North America. But 11'0 do not know 
what Wall the state of things in the inWrI'als between 
tile severnl successil'e forUlatiOll8 j whether Europe and 
tile United States during these iutervalB existed as dry 
land, or as a submarine surfllCo near )Clud, on which 
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sediment was not deposited, or 9.8 the bed of an open 
and unfatbomable sea. 

Looking to tlw existiog oceans, which are tllrice as 
extenaire 9.8 tbe land, we aee them I!tudded with many 
ia-lands; but oot one truly oceanic ia1nnd (with tho ex
ception of New Zealand, if this can be called a truly 
oooanie island) i<I as yet known to afford even 0. remnant 
of any pnlroozoic or secondary formation . Helice wo 
may perhnps infer, that during tho po.laxnoic and 
8000ndary periods, neither continents nor continental 
islanda exiated where our oceans now extend; for had 
they existed, polroowic and secondary formations would 
in all probability havo been accnmulated from sediment 
derived from their wear and tear; and tbC80 would 
have boon at. least. partially upheaved by the oecillatioD.<> 
of level, which mllst have intervened during these 
enormously long periods. If then we may infer any
thing from these foots, we may infer that, where our 
oceans 1I0W extend, oceans buyo extended from tho 
remotest. l)Criod of which we Imve ally rcoon1; and 
on tho otber Imud, that where continents now exist, 
large tmctll of land have existed, subjected no doubt to 
great oecillatioll8 of le\·el, since the earliest Silurian 
peri(l(l The coloured map appended to my volume ou 
Cornl Roofs, led me to conclude that the great oceans 
are still mainly areas of subeidence, the great archi. 
pelagoos still areas of oscillations of level, and the conti. 
lIenls areas of cle\·ation. But we have no I'OO8On to assume 
that thinge luwe thus remained from the beginning 
of tho world. Our oontinents 800m to h(wo been formed 
by a. prepondemnce, during lUany oscillations of level, 
of tho force of elevation; but way Ilot tho arcaa of pre
pondemnt. movement have ehanged in tile lapse of ages? 
At a period 10llg antecedent to the Silurian epoch, con
tinents may h'H·O existed where oceans are now epread 
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out; and c1car and open oceans may have cxisted whcre 
onr continenta now mnd. Nor should we be juatified 
in assuming that if, for instance, tho bed of the Pacific 
OccIUl were 110 ..... con\'erted into a contincnt, we should 
there find sedimentary formations in a recognisable 
condition oldcr than the Silurian strata, supposing such 
to have been formerly deposited j for it might well 
happen that strata WHich had subsided some miles 
nearer to the centre of the earth, aud which had been 
prossed 011 by an enormous weight of superincumbent 
wnter, might have undergone far more metamorphio 
notion t111Ul strata whieh have nlll-ays remained netlrer 
to tho Burfaoe. The immense areM in some parts of 
the 1\"orld, for iosmnoe in South America, of naked 
metamorphic rocks, which must have been hWlcd under 
great pressure, lun'e always seemed to mo to require 
some spocial cxplanation; and we may perhapfl believe 
that we see in thcllC large areas, the many formations 
long IUlterior to the Siluriau epoch ill a completely 
metamorphosed and denuded condition. 

The 8(lvcrnl difficulties here discusscd, namely-that., 
lhough wo find iu our geological fonnations DllUly links 
between the BpeciCl:l which now exist and which fonnerly 
existed, we do not find infinitely nnmerous fine transi
tional fonns closely joining them aU togcther;-tho 
sudden ru.nnncr in whieh llCl"ernl whole groups of species 
first appear in our European fonnationl ;-the almost 
entire absen<..'C. lUI at present knowll, of formatiolls rieh 
in fossils beneath the Cambrian stmta,-are (Ill Ull
doubtedly of tliO most IlCrious nature. We IIC6 this ill 
the fnot thnt tho most eminent pallCOntologists, nalllely 
Cnvier, Agnsaiz, Barmlldc, Pictct, Falconcr, E. }'orbes, 
&c., and all our greatest geologists, tl8 Lyell, iUurcllison, 
Sedgwick, &e., wlle unanimously, often yehemenUy, 
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maintained the immutability of species. But Sir Charles 
Lyell now gives the support of his high authority to 
the opposite side; and most otller goologist9 and palm. 
ontologists are much shaken in their former belief. 
Those who bclic\"o that the geological rooord is in any 
degree perfect, will undoubtedly nt 011(;0 reject the 
theory. For my part, following out Lyell's metaphor, 
I look at the geological record, as a history of tIle world 
imperfectly kept, and written in a changing dialect; of 
this history we possess tho last volumo alone, relating 
only to two or three countries. Of this ,'olume, only 
here and there a short challter has been preserved; and 
of each page, only Iwre and there a fcw lines. Bacll 
word of the slowly-ehanging language, mora or less 
different in tho successive chapters, may represent the 
forms of life, which are entombed in our consecutive 
fonnation9, and which falsely appear to us to have been 
abruptly introduced. On this view, the difficulties 
aboyo discussed are greatly diminisbed, or C\'en dis· 
appear. 
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CBAPTEH X. 

ON THI: GmLOOICA.L SUCCl!l;oln'; or OROA.l<IC Bl:lsol. 

On the ,low and lucoo:.i,.e Bppca"IlOO of lleW lpeeie.......on their 
different .. let or ehange-Species onoe bt do;> DOt reappear
GlOOpIor lpecill'llfollow the IOIIIlegtrItralrolll'llin IheirIPpt'AT_ 
allQll aud tliappelLftDOl as do ainjtle .JX'cin--On F..s:linclion_ 
On umllltaMOlw clwtgn in the fonn. of life throughout lim 
world-On Ihe affiniliCi of utioet If"'Cies 10 each .xher ,nd. to 
living "pWeII-On the atate or develo[\m~nt of allcicnt fOrl1ll
On the ,u~on of the MIlle typll'll within tho amll ~ 
Summary or fO'CC('ding and l'c'elent cI"1>lcr, 

LET Ull now 800 whether the f!e\'eral facta and laws 
relating to the geological succession of organic beings, 
better accord with tIle common view of tho immutability 
of species, or with that of their alow nnd gradual modi· 
fication, throngh descent and natural seledion. 

New apecies have appeared "ery slowly, ono after 
another, both on the land and in the waters. Lycll has 
shown that it is hardly possible to re~ist tho evidence 
on this head in tIle ca9C of tIle f!e\'eral tertiary stagcI ; 
nnd every year tends to fill up the blanks betw(lCn the 
stages, and to make the percentage ,ystem of lost and 
new forms more gradllnl. In some of the most recent 
beds, though undoubtedly of high alltiquity ir measured 
by y~, only ono or two species are extinct, and onl~
one or two arc nell', having apl>eared there ror the finit 
time, either locally, or, as far aB we know, on the f/lco 
of the earth, The secondary forOlatiolls are mor(' 
broken j but, as Bronn 1183 tCmarked, neitiu'r the ap
pearance nor dillappcamnoo or the many extinct lpt'Cies 
embedded in each formation hl18 been simultanoous.. 
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8peeiOll of different genera and clns5Cfl have not 
dl/1nged nt the same rate, or in the same degree. In 
the older tertiary beds a few Ih'iDg e.bells may still 
be found in the midst of a multitude of extinct forms. 
:Falconer hM gin·n a striking instance of a similar fact, 
for nn existing crocodile is ll!8OCiatcd with many lost 
mammals and relltiics ill the sub-llima]nyall deposit!'. 
The Silurian Lingliia ditTers but little from the living 
spocies of this geMs; whcreas most of the other Silurian 
JUollul!C8 and all tile Cl1lstacenIl8118\'e changed greatly. 
'1'he pro-Illctiolls of the land seelD to change at a 

quicker rate tban those of the 8611, of which a striking 
instance lIaa lawly been observed in Swit:wrland. There 
is BOme reaaon to believe that orgnnisms Iligh in the 
scale, change more quickly than those that aro low: 
though thero aro exceptions to this rule. The amount 
of organic chan~, as Pictet haa remnrkcd, is 1I0t the 
Mmo ill each succcssh"o so-cnlled fonnation. Yet if 
we compare ally but the most closely related formations, 
all tho specics will bo found to ha\'o undergone somo 
chango. When It. species haa once disappeared from 
tl10 face of tho earth, we have no reaBOn to beliove that 
tbo Mme identical form ever reappears. Tho strongest 
aplNln'nt exception to this latter rule is that of tho 110-

cnlled "colonice" of 11. &rrnnde. which intl1lde for a 
period in tho midst of an older formation, and then 
allow the Ilro-existing fauna to reappear; bllt Lyell's 
explanation, namely, that it is a case of temporary 
migration from a distinct geographical province, seems 
to me sntil!rnctory. 

i'hese several facls accord well with our tllI.lerr, which 
includes no fixed law of developmcllt, causing all the 
inhabitants of an area to change abruptly, or simulta· 
neously, or to an equal degree. The l'roooM of modifi
cation must be slow, and will generally affect only a 
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(ow species at tho sarno timo; (or tho rariability of 
each species is quite independent of that of all othCJ'S. 
Whether such \'arintions or indh'idlltll differences 88 

Dlay flrise will be accumultltod through natural selec
tion ill a greater or less degree, thus causing a greater 
or less amount of permanent modification, IliII depend 
on many complox contingencies-on tho variations 
being of 1\ beneficial nature, on tho freedom of inter. 
crossing, 011 tho slr)ldy changing llbysical conditions of 
tho country, on tbo immigration of new colonists, and 
01\ tho nature of tho other inhabiumtB with whidl the 
,-arying species como into competition. Henco it i!J by 
110 mefUL~ surprising that ono species would retain the 
&uno idrnticnl form much longer than others; or, if 
ehangiug', that it ~hollld cllange in a less d~. We 
find similar relations between tllo inhllbitantsor distinct 
countries; for instance, the land-shells and coloopterous 
insecta of :ft:[ndeiro. have como to differ considernbly 
from tllCir nearest allies 011 the continellt of Europe, 
whereas the marine shells and birds ha,'o remained 
Imaltercd. 'Vo can perhaps understand tho apparently 
quicker rote of change in terrestrial and in moro highly 
organised produeliolllJ compared \lith marino and lo"'cr 
productiou!!, by the more complex relatioll8 of tho 
higher beings to their organic and inorganic conditions 
or life, fl8 explained in a former chapter. When many 
of tho inhabitants of any area havo become modified 
und imllro;OO, 11'0 can understand, on the principle of 
competition, and from the all.important relat ions of or~ 
ganism to orgauism ill tho struggle for life, that any 
foml Il1lioh does not becomo in somo dcgrw modified 
and imlll"Oved, will be liable to extermination. lIeneo 
we 800 \Ihy all tho species in the samo region do ot 
Inst. if we look to long enough inten'nls of time, become 
modified, for otherwi96 they would become extinct. 
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In mcmbers of the Barno c11lS8 tho aycrage amonnt of 
change, during long and equal periods of time, mn)', 
perhaps, be nearly tho BaUle i but as tllO accumulation 
of long-cnduring formations, ricb in fossils, dcpeDd.~ 

on great mRSSCII of sedimcnt being dCI)08ited on subeid
ing areas, our formations huyo boon almost necessarily 
accuDlulated at wido and irregularly intcrmittcnt in
Wrra.la of time; consequently tho amount of organic 
cluwge cxhibited by the fossils embedded in consecutire 
formations i9 not equal. Each formation, on this "iew. 
does not mark a new and completo act of crention, but 
only an ooca.sional sccne, taken almost at bfl1,(lrd, in nil 
ever slowly changing dnuna, 

We can clearly undentand why a Il.eeics wben on('o 
lost should never reappear, c\'en if tho "ery snmc cOJl(ii
tions of life, organic and inorgank, should rccur, Por 
though tllO offspring of ono spceiel might be adapted 
(and no doubt tllis has occurred in innumcrablc in
stanccs) to fill tile IliaCi) of another spocics in the 
economy of nature, aud thus supplant it j yet the two 
forma-tho old and the new-would not be identically 
the samo j for both would almost certninly inheritdiffc
rent characters from their distinct progenito~, and 
organisms already differing would \'ary in a different 
manner, For instance, it is just llOssible, if all our 
fantail lligoons were destroyed, that fanciers might make 
a new breed hardly distinguishable from tho pr('6(!nt 
breed; but if the parent rock.pigcon were like'l'l"ise 
destroyed, and llllder nature we have eyery reason 
to beli(we tllat parent-forms nre generally supplanted 
and exterminated by tJleir irnproyed offspring, it iii 
incredible tllnt a fantail, identical with the existing 
breed, could be raised from any other species of pig con, 
or eyen from any other wcll-etltabliBhed moo of the 
domestic pigeon, for the successive variations would 
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almost certainly be in some degree different, and the 
newly-formed nuiety would probably inherit from ita 
progenitor some charncteristic differences. 

Groups of llpecies, thnt is, genera and families, follow 
tho IIlmo general rules in their appearance and disap
pearance as do single species, changing more or Jess 
quickly, and in 0. greater or lcsser degrec. A group, 
when it hM once disappeared, never reappears; that is, 
itBexistcnce, nalong as it illSts, is continuous. I am 
Ilware that there are !omo apparent exceptions to this 
rule, hut tllo excciltions are surprisingly fcw, 80 feW that 
E. l,'orhee, l)ictct, and Woodward (though all strongly 
opposed to such vicws as I maintain) admit its truth; 
and tho rule strictly accords II-ilh tho theory. For all 
the species of tho same gronp, howe\'er long it may 
havo IlISted, are tho modified descendants of each othcr, 
and of somo common progenitor. In the geuua Lingulu, 
for instance, the species which havo successivcly ap
peared nt all ages must havo been connected by an 
unhrok~ll series of generations, from the lowest Siluriau 
stmtum to the present day. 

'fo 110.\"0 seen in the last chaptor tllnt many species 
of I\. group sometimes falsely appear to hnl'e come in 
nhnlptly in a body; and I ha\'o attemptod to gin~ an 
explanation of this fact, which if true would he falal to 
my,'iews. But such cases are certaillly exceptional; 
the general rule being a gradual increase in number, 
until the group reaches its maximum, and thcn,800ner 
or later, n gradual decrease. If the number of the 
specics includeJ within a genus, or Iho number of the 
gencm witllin a family, be reprcscnted by a. ,'ertical 
lino of varying thickness, ascending through thesuCQeil
sh'o geological formations iu which tllO species are 
found, tho line will sometimes falsely appear to begin 
at ilB lower end, not in 8 sharp point, but abrupUy; it 



then gmdnaUy thickcns upwards. often keeping for !\. 

81)(\00 of equal thickness, and ultimately thine out in the 
upper beds, marking the dec.reaso and Gnal extinction 
of tho species. This gradual ineroose ill number of 
tho species of a group is strictly conformablo with tho 
thoory. for tho species of tho sarno genus, and the genera 
of tho somo family, can increaso only slowly and pm. 
gressh'ely; the process of modification and tho produc
tion of a number of allied forms ll00C88arily being a 
slow and gradual proccss,--ono species first giving rise 
to two or tllroo mrieties, these being slowly con\'erted 
into species, which in their tum produce by equally 
slow stepa oiher varieties and species, and 80 011. like 
tho brancbing of a great tree from a linglo stem. till 
tho group becomes large. 

lfflF'4lindicn, 

Wo llllve us yet spoken only incidentally of tllo dis-
0llpcamnco of species and of groups of species, On the 
theory of natural selection tho extinction of old forms 
ami tho production of new and impro\'oo forma are 
intimately connected together, The old notion of all 
tll0 iuhabitants of tho earth llRving boon Bwellt away by 
catastrophes at successi\'e periods is Tery genentlly 
gil'cn up, cwm by thC$3 geologists, as Elio do :Beau
mont, Murehison. Barrande, &c., whose geneml views 
would naturally lead them to this conclusion, On 1110 

contrary, we have every reason to beliew!, from the 
study of tho tcrtiary formations, that species and groups 
of spooies gntdunlly disappear, olle aftor another, first 
from one spot. then from another, and finnlly from the 
world. In 8Omo fcweases, howel'cr, lUI by tho breaking 
of an isthmus and the consequent irrulltion of 0. multi
tnde of now inhabitants into an adjoining Bel, or by tho 
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finallJUbsidence of an islund, the prooesa or extinction 
may }Ia,·o been rapid. Both single lpecice and whole 
groupe: of speeiCII last for very uuequal pc.riods; BOmo 
groupi\ il8 Ire have scen, ha\"e endured from tho earliest 
knOlrn dawn of liro to tho JlJ'eI!('nt day; lOme ha\·o dis
appeared b<!foro the close of the palllXlzoic period. No 
fixed law 8O<'IDS to detcnnine tho length of tillle during 
whieh nlly singlo species or any singlo genus endures. 
1'hero is rell80n to belio,'o that the extinetion of a Vlhole 
grouJl of species is gcnerolly a dower prooesa than 
their production: if their appearance and di.!appoorance 
be repro8Cnted, 88 before, by a "ertical line of varying 
thickuCSil, the line iii found to tapcr more gmdually at 
itll upper end, which marks the progress of c.llennillll
tion, thau at it!! lower end, which marks the first 
flppeamnce and the early increase in numb<!r of tho 
species. In aoIDO eases, however, the extermination of 
whole groupe, ns of ammorutt!8 towards tho clC6C of the 
IIOOOndary period, has been wonderfully Budden. 

Tho extinction of species has been invohcd in tho 
most gratuitous mystery. SoDleauthol'S havo O\'en sup
pOlled tlUlt, flII tho indh·idual has a definite lengtll of 
l ife, 80 hn,·o species a definite duration. Ko ono can 
111,,"0 mar,·cUod more than I have dono at tho extinction 
of species. When I found in Ia I'lata tho tooth of 0 
horse embedded with the remains of Mastodon, llcga
therium, 'fOXodOD, aud other eJ:tinet monglers, which aU 
<»exi"t.cd with still !i,·ing sheila at a W!~y late geolo. 
gical period, I was filled with astonishmcnt; for, seeing 
that the horse, since its introduction by tllO Spaniards 
into South America, has run wild o,'cr the whole country 
and has inerefl.llCd in numbers at au U11110mlleled rotc, l 
asked myaelf what oould so recently have cxtcnninalOO 
tho former horse under conditions of life apparently BO 
fnourablc. But my a:;tonishmellt Wflll groulldlC88. Pro-
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(e.oor Owen BOOD percei,ed that tho tooth, though so 
liko that of the cxis.ting horae, belonged to an e3:tinct 
~p~'Cies. IInd this horse ~n stillli\'ing, but in 8OIDO 

d ... greo rore, no Il/lturalist wonld II/we felt the least 
surprise at iUi rarity; forrority is the ntirihuteoCa vast 
numhrr of species of all classes, in all countries, If 
we ask oUl'8(!h'es why thi~ or that species is rare, we 
answer thnt 80IDething is unfiwolllllhio in its conditions 
of lifo; hut what tJU\t something is, we CilIl hanlly over 
lell 011 the sl'pposition of the fossil horse still existing 
IH a rare species, wo might have fdt certain, from tho 
analogy of all other mammals, o\'en of tho slow-breeding 
elephant, and from the history of tho naturalisntiou of 
the domestic hoMIC in South America, that under more 
fayournble conditions it would in a very few yeara htn'e 
stocked tho whole continent. But we could not have 
told what tho unfavourablo conditions wero which 
chock(l(1 its increase, wllether SODlO one or M\'eral con
tingencies, nncl at what period of the llOrso's life, and iu 
what degree, they severally acted, If tho conditions 
had gone on, howe\'er slowly, becoming less and less 
flwourable. we lUIiIuredly should not lllln) perceived the 
fact, yet the fOllSiI borse would C('rt8inly have become 
rarer and !'Ilrer, and finally eJtiuct ;- it.!l place being 
!>Cited on by lOme more mccesrd'ul competitor. 

]t iii nl08t difficult always to remember that the 
incl'C8l:iO of o\'ery creature is constantly beiug checked 
by unllCrct.'ived hostile ageucies; and that these &arne 
IInperee.ivcd Re"'encies are amply sufficient to cause 
rarity, ond finally extinction. So little i8 this IlUbjed 
understood, tllllt I haye heard aurpri80 repentedly ex
pressed at ~uch great monsters liS the Mastodon and the 
more ancient DillOS!\urians ba\'ing become extinct; as 
if mero bodily strength gaye \'letory in tho battle of 
life, Mere size, on the contrary, would in 80nle cases 

e n. C ..... 101et Work of Charles JIII'WIn 'lUll.. 
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determine, 01 bOll been remarked by Owen, quicker ex
termination from lIu) greater amount of requisite food. 
Before man inhabited India or Africa, lOme cause must 
Ila\'e checked the continued increase of the uisting 
elephant. A highly capable jlldge, Dr. Falconer, 
believes that it is chiefly insects which, from inCCSlAIltly 
harassing aud weakening the elephant in India, check 
its iucrefISC; and this was Bruce's conclusion with re
spect to tile African elephant in Abyssinia. 1t is cer
tain that insecta and blood-sucking bats determine the 
existence of the larger naturalised quadrupeds in several 
parta of S. America. 

'Ve 8C!e in many cases in the more recent tertiary 
formationl, that rarity llrecedes extinction; and we 
know that this bas been tho progress of events with 
tllOilO animala which hl1\-e been exterminated, either 
locally or wholly, through man's agency. I may repeat 
what I published in 184.5, namely, that to admit that 
species generally become rare before tl1ey become 
extinct-to feel IlO surprise at the rarity of a species, 
and yet to marvel greatly when tho species ceaSC$ to 
exist, is milch the same 8.8 to admit that sickness ill 
the indi"idual is the forerunner of death-to feel no 
slIrpri86 at sickness, but, when the sick man dies, to 
wonder and to suspect that he died by lOme deed of 
nolence. 

The theory of natural selection is groulldoo on the 
belief thut each now ,'aricty, and ultimately each Dew 
species, is produced and maintained by hl/o\'ing some 
advantage O\'er tl108(1 with which it COlDes [litO compe
tition; and tho con.sequcntextinctioll of the less-favoured 
forms almOlit inevitably follows. It is the samo with 
our domestic productions; wheu a new and slightly 
impro\'ed variety ho.a been raised, it at first 8uPlllllnts 
the loss impro\-ed "Ilrieties ill the Silme neighbourhood; 
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when much improved it is transported (af and near, 
like our abort-horn catUe, and takes the place of other 
breedil in other countries. 'fhus the appearance of lIew 
forma find tho disappearance of old fOrDls, both ili08(t 
nAturally 80() those artificially pnxluoed, are bound 
together. In flourishing groups. tho Dumber of new 
specific forms which hal'c been llrodllccd within a 
given timo hlU! ut some pel'io(1i )lrooobly been greawr 
tlmn tho number of tho old 8)KlCiflc forms which huvo 
been exterminated; but we know that species have not 
gone on iUflcfiniwly increasing. at least during the later 
gooiogiCl\J c))()Cbs, 80 that. looking to later times, we 
lDay believe that the production of new (onos has 
caused tho extinction of about tho MillO numoor of 
old (orma. 

The competition will gencrnlly bo mOilt severe, as 
formerlyuplnined and illustrated by exnmpl<!S, between 
tho fOflll8wh icharomost liko each other in all resl~ts. 
lienee tho improyed and modified descendants of a 
species will generally callso the extermination of the 
IllltCllt--speciee; and if many new forms hare been de
"cloped frout anyone species. the nentCst nllics of that 
specics, i.e. tho spocios of the SBllle genus, will be the 
moat liable to extermiuatioo. Thull, 88 1 believe, a. 
Dumber of IIIlW species descended from one species, that 
is a. lIew genus, comes to 8UPlllant an old genulI, belong. 
ing to tho SBmo family. Butit must often have hallPened 
thnt a lIew species belonging to some oue group has 
scil'.oo 011 tho pIneo occupied by a species belougiug to 
a distinct group, and thus Imve caused its extcnuiuation. 
If many nllied forms be del·eloped from the successful 
intruder, runny will have to yield their )llnces; nnd it 
will genCfally be tho allied forms, which wiJlllulTer from 
HOme illherited infcriority ill OOmmou. But whether 
it be IIPCei(!S belonging to the SlIme or to n di~tilict c1naa,. 
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which ltal'e yielded their places to other modified and 
impro"ed species, 0. few of tho sufferers may often bo 
presenoed for a long time, from being fitted to some 
peculiar line of lire, or from inhnLitiug BOmo distant alld 
isolated station, whero they will Ilave escaped severe 
competition. :For iustancc, some speeic8 of l'rigonia, 0. 

great genllS of 8hells in tho secondary formation~, sur· 
vh'o in tllO Australian seas; and 0. fell' memlJcrB of tho 
great anti aluu)8t extinct group of Ganoid fishes still 
inhabitourJre8h waters. Tllercforctho "tier cxtinction 
of a group is generally, as wo ha,'O seen, a dower pro-
0CS8 than itiJ production. 

With respect to the IIpparently sudden cxtermina
tion of whole families or orders, 11.8 of Trilobites at tllO 

cloae of the 116llOO"l.Oie period and of Ammonites at 
tbe clOllC of tIle secondary period, wo mw;t remember 
whllt lIlI.8 boon lliready said on the probable wide intcn'als 
of time between onr consccutive fonnnliOll8 j l1ud ill these 
intcrvals thero llIay have hom much slowexwrmiuation. 
MOfeQ"er, wIlen, by sudden immigration or by unusually 
rapid development, many speeiCil of a new group Ila,'o 
tllken IlO6SC&<Jion of an arell, many of tho older speciCil 
will havo hoeu exterminated in a correspomlingly rapid 
mann('r j and tho forms which thus yield their places 
will <'Ommonly be allied, for they will partake of the 
snme inferiority in common. 

Thus, lUI it 800ms to me, the m.nnner in which &ingle 
speciee and whole groups of speciOl becomo e:xtinct 
accords well with tIle theory of nlltnral selection. Wo 
need not mnrrel at cxtinction j if we mnst marvel, let 
it 00 at our OWIl PtC6IUnlltion ill imllgining for II moment 
t1111t wo understand tbe many complCl: oontingelldes, 
on l1bich tho existencc of each speciCil depends. If wo 
forget for an instant, that eaell species tellds to iucrease 
inordinately, and that somo check is alwaYIl in action. 
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yet. seldom percei"ed by us, the wholo economy of 
nature will be utterly obscured. Whenever wo can 
precisely My why this species is more abuudant. in in. 
dividunls than that j why this spocies ami not another 
can be naturalised in a given country j theu, and not 
until tlieD, wo may justly feel surprise why 11'0 cannot 
Rccount for tllO extinction of any particular species or 
any group of species. 

On th~ Forl1l$ of L ife changing (dmoa .imultal"l«JUsly 
through6ld tI~ World. 

Scarcely nny palreontological d~n!ry is more strik
ing thM tho fnct., that tho forml! of life chauge almost 
aimnltancously throughout the world. Thus our Euro
p'Dn Chalk formation can be recognised in mauy dis
tant parts of the world, under tllo most different 
dimates, where llOt a fragment of tho mineral cllnlk 
itself ean bo fonnd; namely, in North America, in 
equatorial South America, in 'f ierra del l~uego, at tho 
('ape of Good liopt'. and in the peninsula of India. 
For at these distant points, tho organic l'Cmains ill 
certain beds present nn uumistakeablo resemblanoo 
to tiloeo of the Chalk. It is not that the 88me 8:pecies: 
nro met with j fOf in some CtlSefI lIot one species: ill 
identically the same, bnt they belong to tho same 
lilmilica. genem, and sections of genertl, and IiOmetimes 
are similarly ehartlcterised in such trifling l)()inu all 
mere 8uperficialsculpture. Moroover, other fOfms, which 
are not found ill the Chalk of Europe but which occur 
in tho formations either aoo,'o or below, occur in tIle 
snme order at these distaut points of tho world. In 
tho .sevcrnl Bucceasive pnlroozoic formations of Hussia, 
Western Europe, and North Amcrica, fL silllilar pnmllel
i~m in tho fOfms of life has been obaer .... oo by 8Cvernl 
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authors; 110 it ii, according to Lyell, with the several 
E uropean find North American tertiary deposita. E"en 
if tho few f088il species which are common to tllo Old 
and New Worlds were kept \\-llOlly out of "iew, the gene
raJ pamlldislU in the Buccessi\-o forms of lifo, in tht' 
pnlreowie and tertiary Blages, would still be mnnifo.."i, and 
tho severnl formations could be easily correlated. 

These obsen'ations, however, relate to the marine 
inhabitnntil of the world: wo have not 8ulllcientdo.ta to 
judge whether the productions of tIle land and of fT(>sh 
wnter at distant points change in tho sume parallel 
mnnner. "'0 may doubt whether they lla'-o thus 
changed: if tho lIegntherinlU, lIylodon, ~Jacranebenia. 
and Toxodoo had been brought to Enrolle from 1..."1 
Plata. without any information in regard to their 
geological poo-itiou, no one would ba,·o sU:!Jleeted that 
they lind co.existcd with sea-sheila all stili li,-ing j but 
as these nnomalou~ monsters CO-CJ:.isted witt. tho l\lasto
don and Jlorse. it might at least bave been inferred 
that tlley had Ih-ed during ono of tho latcr tertiary 
stages. 

When j}IO marine fOnllil of lifo ate apoken of 111 

hn,-ing changed simultaneously tllfoughout the world, 
it must 1I0t be supposed that this eJ[IJressioll relates to 
the same tbou8ll.lldtll or ten·tbowandth year, or even that 
it 11M a vcry strict goologiCliI sense; for if all the 
lUarine auimals now living in EuroJX'. and nil thOH' 
that lh'oo in Europe during the pleistoceno period 
(a "ery remote period as measured by yealS. includint{ 
the whole glacial epoch) were oompnrod witll th080 now 
Cldsting in South America or in AIIstmlia, the mo.,t 
skilful nlltuNll ist would hardly be able to say whether 
the present or the IJleistoecne inhabitants of Europe 
resembled most closely those of the southern hemis
phere. So, again, several highly competent oh8ervcrs 
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maintain that tho existing productions of tho United 
States are more closely related to tbose whieh Ih'ed in 
Europe during certain late tertiary stnge8, than to the 
llrcscnt inhabitants of Europe j and if this be flO, it 
is ovident thnt fossiliferous beds now being deposited 011 

tLe sbores of North America would hereaf'Wr be linble 
to Lo classed with somowhat oldor European beds. 
Novertheless,looking to 0. remotely future epoch, there 
enn be littlo doubt that all the more modenl mari1l(! 
fonnations, namely, the upper IlIiOl.'enc, tho pleistocene 
and strictly modem be<b, of Eurepe, North and &uth 
America, and Australia, from containing lQs..Ul remains 
in somo Mgrro allied, and from not includin::: those 
forms which are found only in the older underlying de
posits, would be correctly ranked as simultaneous in 
ageologicalscDllC. 

'i'he fact of tho forms of life changing simultaneously, 
in the nbove large sense, at distant paris of the world, 
has greatly struck those admirable observcrs, ?lIM, 
do Verncuil nnd d'AT('hiac. After f(!ferring to the 
parallelism of the palreo7.0ic forms of life in yurious 
pnr13 of EUfOl)C, they add, "H, struck by this strange 
sequence, wo turn our attention to North America, and 
thero dilJOOw!r a series of analogolls phenomena, it will 
arpenr certain that aU these modifications of species, 
their extinction, and the introducLion of new ones, can-
110t be owing to mere changes in marine Cllrf(!nts or 
other enuses more or less local and tempomry, bllt de
]lC-lld on general laws which go\'ern the whole nnimal 
kingdom." 11. &rrullde has made forcib le remarks 
to pJ'iX.:iacly the anme effcct. Itia, indeed, quite futile to 
look to ebfUlgcs of currents, climate, or other phy~ical 
conditions, as the CIl.lIlIO of these greut Illutations in the 
forms of life throughout the world, under the most dif
ferent climates. We must, as Banande has f(!morkcd, 

e Tn- C'- "Ipte wor!< of Ch..-i.. 1 ..... n 
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look to somespcciallaw. We sllaH see this moro clearly 
when we tront of the IJf'CSCnt distribution of organio 
being.'l, and finel how slight is tho relation between the 
physical conditions of YarioO!J countries, and tho nature 
of their inhabitant.'l. 

This great fact of the paralleisuCCt'.,.,ion of tho forms 
of life throughout the world, is explicable on tile theory 
of naturel selection. New s{IC('iesaro formed by having 
somo advantage o,'cr older forms; and the tonns. which 
are already dominant, or M.e eome adnmt8.e"e o.er the 
other forms in their own country, would be the m08t 
l ikely to ghoe birth to the greatCl'lt number of new 
Yarietics or incipient species. W e have distinct evidenco 
<m this head, in the plants which fire dominant, tim! is, 
which are commoncst and most widely diffused, pro
ducing tho greatest number of IICW .arieties. It is also 
natural that the dominant, "aryiug, aud fnr-spreading 
JiI)QCiC8, which already lJ(n'e invaded to a certain cxtent 
the territories of other species, shouM be those whieh 
would have tho best ehance of spreading still further, 
and of giving rise iUllew countries to oilIer new"nrieties 
nllt! species. The llr0ce8S of diffusion would often be 
yety slow, depellding on c1imntal and geograph.ical 
changes, on strange accidents, anrl ou the gradual 
ncclimntisntion of now species to the vnrious climates 
through which they migllt have to pa&!, but in tho 
oonrso of time the dominant forms "onld generally 
Sll~ ill spreading nnd would ultimately pre\'ail. 
Tho diffu!!ion would, it is probable, be slower with the 
terrestrial inhabitants of distinct continents than with 
tile murine inhabitants of the continuous sea. Wo 
might therefore expect to find, as wo do find, a le~ 
strict degree of 118ro.lleliam in the succession of the pro
ductions of tho land than with tbOllO of the sea. 

Thus, as it seems to me, the pe.mllel, Dnd, taken in II. 

_ __ ""' ........ __ of '.an. 
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large 8('nse, simultanoolU, 8Ucce!lliioll of the same fonns 
of life throughout the world, aooonls lI·ell with the prin
cipl" of new lpecies having been formed hy dominant 
species I.Ipreadillg widely and ,·arying i tho new species 
thus produced being thcmselves dominant, owing to 
thcir IIIn-ing had some advantage o,'er tllcit already 
dominant parents, Il8 well as o,'er other species, ulld 
again spreading. yarying, uud producing DOW form~. 
Tho old forms which nre beatcn and whidl yield their 
places to tho ncw uDd ,·ietorions form~, win generally 
be allioo in groups. from inheriting 801110 infcriority ill 
common i and thcrefore, 118 lIew and impro,·ed groups 
spread througllout the world, old groups disappear from 
tho world i and the succession of fonns o,·crywhere teu~ 
to correopond both in their first appearance and final 
disappearance. 

'fhere is one other remurk connected with this SliD

ject worth making. I have gi'·en my reasons for be
lieving that m08t of our great formation~, rich in fossils, 
wore deposited during periods of 8ubsidence j and that 
blank in~rvals of vast duration, lIS far I\I! f083i!s are 
oollccrned, occurred during the period8 when the bed 
of tho sea WI\I! either stationary or ri~in& snd likewise 
when sediment was not thrown down quickly cnough 
to embed Rnd llre.'lCrre orgnnic remain!. During these 
loug and blank ioten-als I suppose that the inhabitants 
of ctll'h region underwent a considerable amount of 
modillcation and edinetion, and that tbere WM much 
migrntion from other pam of the world. As wo hlwe 
renson to belieye that largo areas are nffected by the 
sallie mo,'ement, it is probahle that 8trictly contempo
rancous formations ba"e often been aecumulated ovcr 
vcry wido fflmccs in tho salllO quarter of tho world; 
but we are ,cry fur from haying any right to conclude 
that this hl\l! inyariably been tho ealM', and that large 
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1U'CfL'I ha,'c invariably been affected by tIle same mo,'e
ments. When two formations hll"c been deposited in 
1,110 regioDll during nearly, but not exactly, the same 
period, we should find in both, from the caU8(S explained 
in the foregoing paragraphs, Ihe BIlmc general succes
sion in the forms of life; but the species wouM not 
exnctiy correspond; for thero wili hnve been 0. little 
more timo in the ono region Illan in the otller for 
modilication, extinction, and immigmtion, 

I suspect that cases of this natuM occur in Europe. 
3.lr. Prestwith, in his admirablo Memoirs on the OOC(:no 
deposits of England and Fmnce, is ablo to draw a close 
general parallelism between tho succeasi,'o sta~ in tbe 
two countries; but when ho oomparee c(>rWn swgCl! 
in England with those in Frunce, although he finds 
in both a curious acconIanco in the numhcrs or the 
speciel belonging to tho same genera, yet tho IiI)ClCiCl! 
themselves differ in a lIlAnner "cry difficult to account 
for considering tho proximity of tho two areM,-unless 
indeed, it be assumed that an isthmus separated two 
SCIUI inhabited by distinct, but oonlemponwoous, faunas. 
Lyell hns made similar observations on some of the 
later tertiary formations. Barrande, also, show8 that 
thero is a striking general pnralIcti~m in the 8uccessh'0 
Silurian deposits of Dohemio. and Scandina"ia; never
theless he finds a surprising amount of diffeI"Cnee in 
the speciCII. ]I the 8O"eral formations in these regions 
havo not ooen deposited during tho same exact l)Cl'iods, 
-a formation ill ono region oftcn corI"C~pondilig with a 
bllUlk interval in the other,-ulld if ill both regions tho 
species !Jave gone on slowly changing during tho accu
mulution of the several formatiOlls and duriug the long 
interva.la of time between thorn; in this ca80 tho 8C"eral 
formations in the two regions could be 'Irranged in tlle 
same oroer, in acconIllnce with the general sU<:CeSl!ion 

2 D 
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oC tho fornu of life. and tho orner would fal8ely appear 
to be strictly parallel; ne,"erlheJe511 tho 5pOCies would 
not be all the same in the apparently corrospouding 
8~'"'C8 in tho two regions. 

0.. fM Affinities of Nriind Speda to each ol}IW, and to 
Living Forlnl. 

Let us now look to the mutual affinitiCII of extinct 
and Il,-ing speciCII. Thoy all fall iuto a foil' grand 
clll88e8; and thi8 fact is at once cxplaiued ou tho prin
cipia of descent. Tho more ancicnt any fonn is. tho 
more, lUI " general rule. it diffcrs from living forms. 
But, lUI Buckland long ago remarked. nil extinct species 
can be classed either in still oxisting groupe, or between 
thcm. That tho extinct forms or lifo help to fill up 
tho intervale between existing genem, families, and 
oruers, eallnot be disputed. :For if wo confino our at
tcntiOIl either to tho living or to tho extinct alone, the 
aeries is far Jess pcrfoct than if 11'0 combine both iuto 
ona geneml system. With respect to tho vertebrata, 
wholo pages co\lld be filled with illustrations from 
Owen, showing hOlf extinct animals full in between 
existing groupe. Cuvier ranked tho lluminanta and 
Pachyderms, as tho two most distinct orders of mam
mals; hut Dwell hill! disco'·cred 80 many fossil links, 
tllI,t ho has had to alter the wholo classification, and 
lw plactld certain pachydenus in tho Barno sub-order 
with rnmirumta: for example, ho dissolves by fine gra
dations tho apparently vtide differenco botwoou the pig 
and tho camel. Another distinguished palroontologist. 
M. Oaudry, shows that very many of tho fossil mam
mals discovered by him in Attica connect in tho lliaiDcst 
maDner existing genera. Even tho wido interval be
tween birds and reptiles hill! been shown by Professor 

C. Th.. Cc....loJete Work of Charles..Jarw1n 
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Hu:dey to be pnrtialJy bridged O\·er in the most un
e:J:1W!Cted manner, by, on the one hand, the ostrich and 
e:ltinct Arelioopteryx, and on tho other hand, tho Comp
sognathus, one of tho Dinosnurians--thut group which 
includes the most gigantic of all terrestrial reptiles. 
Turning to the Invertebrata, Barrando t1S8Cris, aud " 
higher authority could not be named, that he is every 
day taught that, although palreozoio auimals eun cer
tainly be clt\£!Sed lmder existing groups, yet that at 
this ancient period tIle groups were 1I0t 80 di..stinctly 
IICparated from each other as they now are. 

Some writers have objected to any extinct species or 
group of speciCll being considered as intermedinte be
tween living fl"peciCll or groups. If by thill term it is 
meant that fin extinct form is directly intermediate in 
all its charaetCt$ between tlfO living fonus, the objec
tion is valid. But in a natural classification mally 
f08!!it BI)Ccies certainly stand betwccn living species, and 
some extinct; genera between living genera, even be
tween genera belonging to distinct families. The most 
comlllOn casc, especiaUy with respect to vcry distillct 
groups, such as fish and reptiles, 800ms to be, that, sup
pOl!iug them to be distinguished at the present day by 
" do~n characters, the ancient members are IJCparated 
by a IOmewh8t lesser number of characters, so 018t the 
two groups, though formerly quite distinct, made at 
that period a 80mewhat nearer aPllt'(Nl.clI to cadi other. 

It is a common belief that the more ancient a form 
is. by 10 much the more it tends to conneet by some of 
its chl\l'I\eten groups now widely sepamted from each 
other. i'his remark DO doubt must 00 restricted to 
those groups wllich lla,·o uudergone much chaugo in 
the course of geological Ages; and it would be difficult 
to prove the truth of the proposition. for every now and 
then e\'en a living a.nimal, as the Lepidosircn, is dis-

2 D 2 
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coI'ered having affinities directed towards "cry distinct 
{.(roups. Yat if wo eomparo tho older Heptilee and 
Batruchinnll, the older Fi!II, tho older Ccphalopod~, and 
tho eocene ?ifammaI~, with the more recent members of 
tho same cJllSSe8, lie must admit !lmt there is truth ill 
liwremark. 

Let us fICC how far these Bel'eml facta and inferences 
at'C(lrd with the theory of descent with modification, As 
the 8uhjeet is somewhat complex, I must. requ(>St the 
reader to turn to the diagram in tllo fourth c1mpter. 
Wo may suppose that tho numbered letters represent 
genem, anel the dotted lines diverging from them 
the species in each genu/!, Tho diagram is much too 
~imille. too few genem and too few species being 
gil'en, but this is unimportant for III!. 'fhe borimntal 
lines may represent suooessivo geological formations, 
und all tho forms benooth tho uppermost line may 
be considered tl.!I extinct. The three existing genera. 
((I ', q", p", will form a small family j b" and f' a 
rlosely allied family or Hu},family; anelo", e", ml" a 
third family. 1'hCllO three famili<'ll, together with tho 
many extinct genem on tho 8Cvernl linea of descent 
diverging from the parent-form (A), will form an order; 
for al1 will have inJlerited something in common 
from their ancic!nt and common progenitor. Ou the 
principle of the continued tendency to di"ergenco of 
character, which lI'tl.!I (onnerly ilInstrnted by this din· 
grom, tho morc recent any form is, tho morc it will 
generally differ from its ancient progenitor. IIenee we 
can understand the rule that the mOllt ancient foesi.ls 
,Iiffer most from existing forms. 'Vo must Dot, how. 
ever, IU!SUme that dil'ergenee of character is a nccessnry 
{'Ontingcncy; itdependa 801ely ou the deaoendant8 from 
1\ species being thus enabled to aeize on many and dif
ferent places in the economy of nature. Therefore it 

(Cl The Comolete Work of Chaf\U Oarwn """'----
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is quito possible, lUI we ha"e seen in the etL86 of some 
Silurian forms, that a species might go 011 beillg 8Iightl~· 
modified ill relation to its Blightly altered conditions of 
life, and yet retain throughout a vast period the Mme 
general clmructeri>;tiCII. 'l 'his is represented in the dia· 
gram hy the letter F I,. 

All tho many formB, extinct and recent, descended 
from (A), make, lUI before remarked, olle order; ami 
this order, from tho CQntinued effects of extinction and 
di,·ergenco of character, has become divided into Be,'eml 
Bub-familios and Jiunilies, somo of which arc SIlPP08t.'([ 
to have perished at different periods, and 80me to hnve 
endured to the present day. 

By looking at the diagram we can Bee that if man~
of tbe extinct forms. supposed to be embedded in the 
successivo formations, were diseovered at several poinu 
lowdown in the IICrie~. the three existing families on the 
ulJpermOllt line would be rendered less dibtinct from each 
other. Jr, for insUtnee, tIle genera al, tzl, a Kl,!,. m", ml, Ill' , 
were disinterred. these three families would be soei08Cly 
linked toget.her that they probably would ha\·e to be 
united into ollegroat family, in nearly tho same manner 
IlS hIlS occurred with ruminants and certain IJaebyderm~. 
Yet he who objeetOlI to call the extinct genera which 
thus linkoo the li"ing genera of three familiee together, 
intermediate in chamcter, would be justified, ILS tllCY 
are intermedia.te, Dot directly, but only by a long IIml 
circuitous course through many widely different {onus. 
If many extinct forms were to be disCJcwered abo'fe Ol\(" 

of the middle horizontal lines or geological formatiol1~ 
-for inslll!ICC, ah<wo No. Yl.-but nOIlO from benenth 
this line, then only tll"O of tile families (those 011 the 
left haud, a l <, &c., and bl ', &e.) would ha\·e to be uniteol 
into one j and tllcre would remain tll"O families, whioll 
would be less distinct from eElch othcr than they wcrt! 
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before tho disco.ery of the foss:ils. So again, if the 
three families formed of eight genera (~l' to ,,,I'). ou the 
ullpemlClAt line. be IRIPposed to differ from each other 
loy half a (lazeD important characters, then the familiee: 
which existed at the period marked VI. would certainly 
have differed from each other by a less number of cha
racters; for they would at this early stago of descent 
have divcrg-ed in a less degree from their common pro
genitor. 'l'hus it comes that ancient and c1tinet genera 
are often in some slight degree intermediato in cha
racter between their modified descendants, or between 
theircollateml relations. 

10 uature tho ca.se will be far moro complicated thnn 
is represented in tho diagram; for tho group! will ha.o 
beeu more numerous, they will hayo endured for ex
tremely unequal lengths of time, and will ha,"s been 
modified in ,'arious degrees. As wo possess only the 
last \'olumo of the geological record, aud that in a very 
broken condition, we haYo no right to expect, CltCCpt in 
raro CMOS, to fill up tho wide intervals in the uatural 
system, and tlms unite distinct familie8 or orders. All 
that wo haY6 a right to cltpect, is that th08e groups, 
which have within known geological periods undergone 
much modification. should in tho older formations make 
8Omo s1ight allproach to each othcr; 80 that the older 
members 8hould differ ICBS from each other in somo 
of their ehamcters than do the existiog members of 
the sarno groups; and this by tho concurrent o\'idcnoo 
of our be8t pnlroontologists is frequently tllO ease. 

Thus, on the theory of descent with modification, 
tllo mnill fneta with respect to tllO mutual IIffinities of 
tho extinct forms of lifo to each other and to living forms, 
firo eIplained in tL 8Iltisfllctory manner. And they are 
wholly ineIlllicable on any other "iew. 

On this same theory, it is evidcnt that tliO fauna of 
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anyone great period in the eartll', history will be inter
mediate in general diameter betweell that which pre
ceded Ilnd that which succeeded it. Thus the speciea 
\fliich lived at the aiXtil great stage of desoeut in tho 
dingmm arc the modified offspring of those which Ih'ed 
at the fifth stao>e, and are the parents of tllOso which 
became still morc modified at the sovcuth stage; hence 
they could hardly fail to be nearly intermediate ill 
character betll'oen tIle forms of lifo a!xwo and below. 
"'0 mllst, howel'cr, aHow for tho entire extinction of 
some preceding forms, and in any 0110 region for the 
immigration of nell' forms from other regions,. and for 0. 

largo amount ef modification, during tho long and blank 
inten'sls between the successil'o formations. Subject. 
to these nllowllnCC8, the faunll of each geological period 
lmdollbtcdly is intermediate in character, bctwl!Cn 1110 
precOOing and succeeding faunas, I need give only one 
instance, namely, the manner in wllich tho f088ils of the 
Devonian system, wbcn this system wn8 first discoI'eroo, 
were at onoo recognised by pallCOlitologista as inter
medillte in chnrnctcr between those of the overlying 
carboniferons, and underlying Siiuri(1II system. Dut 
CIl.Ch fnuna is not necessarily exactly intermediate, as 
unoqnn! interl'als of time lIal'o elapsed between con. 
secutive formations. 

I t is no real objection to the tnlth of tho Itatement 
that tho fnuno. of eo.ch period 1\8 a It'hole is nearly 
intenllooiatc in chamctcr between the Ilreccding and 
succeeding faunas, that certain genera offer excelltions 
to tho rule. For instance, mnstodons lind elephants, 
when armngcc:l by Dr, F alconer in two BCriCll, first 
according to their mutual affinities and then accordiug 
to their periods of existence, do not accord in arrange-
ment. 'fho species extreme in ehnrncter nre not the 
oldest or tho mOllt recent; nor are thOllO which !U'C 

lhetCam t<!!tW rkofC~" 
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intermediate in character, intermediate in agc. But 
81lppoeillg for an instant, in thi! and othor wcb cases, 
that the record of thc first appearanec and di80ppearnna" 
of the 8pecies WIl.8 perfect. wo have no reason to believo 
that forms 8uccessh"ely produced necessarily endure for 
corresponding ltmgths of time: a vcry Il.ncieDt form 
migllt occasionally last ulllch lougcr than a fonn else· 
where subsequcntly produced. especially in the case 
of terrestrial productions inbabiting separated districts. 
'1'0 compare small things with great: if UIO principal 
living aDd extinct races of tho domestic pigeon '"ere
RrJ'angcd Il.8 well as Oley could be ill IICrial affinity, tbis 
arrangement would not aooord c10ecly with tho onler in 
timo of their prodnction. and e,"cn lesa with tho onler of 
their dillDppearance; for the parent rock-pigeon still 
lives; and nll\uy ,"aricties between tho rock-pigeon and 
tl10 carrier hnvo become extinct; and cnrriel'8 which are 
extreme in the important cbaracter of Icngth of beak 
originated earlier timn ahort-beaked tumblers, whicb am 
at tho opposito cud of tile series ill this respect. 

ClOlCly connected with the statement. that tliO or
ganic remains from nn intermediate formation nre ill 
IJ()mo degree intermediate in character, is the fact. 
illilbted on by nil pala::ontologista, tbat fossils from tlVO 
consecuti\'e formll.tions are fur more cloacly related to 
each otlier, than are the fossils from two remote 
fonnatiOD!. Pietet gives UiI a weU-known instance, 
tllo geneml reacmblanee of the organio remnins from tho 
severol stages of the Chalk formation, though tho species 
nre distinct in each stage. This fnct alone, from itg. 
generality, 8CCIllS to liave sliakon ProfOB8Or Piotet in his 
finn belief in the immutability of spocies. lie who i~ 
acquainted with the distribution of oxisting species over 
tho globe, will 1I0t IIttempt to account for the clO6O 

l'CSCmblance of distinct species in closely consecutive-
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fonnations, by the physical conditions of tho aucient 
arena 11Il\-ing l'Culnined nearly tho Mnle. Let it be 
remembered that the forms of lire, at. Ielll>t those in
habiling the sea, JUH'O changed simon llimultaneolL,I~' 
throughout the world, and therefore under the most 
different climat~ aud couditions. Conllider the pro
digious ,-icissitndes of climate during the pleistocene 
period, which includes the whole glacial epoch, and 
note how Iittlo tho specific forms of the inllnbitanls of 
the sen ha,'e been affected, 

On the theory of descent, the full meaning of the 
fossil remains trom closcly consccuti"e formatiolls 
being c10eely related, though ranked as distiuet species, 
iii ohvious. As the accumulation of CQ('h formation has 
often been interrupted, aud as long blank i!llen'als have 
inten'elled between successi,e formations, we ought 1I0t 
to expect to find, M I attempted to show in the last 
chapter, in nny 0110 or ill any two fonuntions nil the 
intermediate mrieties between the specie9 which ap
peared at theeolllmeuccment and close of these periods: 
but we ought to find aller intormls, "cry long as 
measured by years, but only moderately long as mea
sured geologically, clO6ely allied forms, or, as they II/H'e 
bc!en Cl\lled by some authors, representati,'o SpecielS; 
and the,;e assuredJy we do find. 'Ye find, in Illiorl, such 
evidence of the 810¥\' alld scarcely sensible mutation of 
speciflc forms, II.'! we ham the right to eXIlCCl. 

011 Ole State oj Der:ekpmenl oj Ancient compared 'U:ifh 
Living FormB, 

We hava !Cen in the fourth chapter that tILe ci(>grce 
of diffcrentintioL\ and specialisation of tho parla in all 
or<.;nnic beings. when arri"ed at maturity, i.i the ~t 
standard, Ill! yet suggested, of th(>ir degree of perfection 
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or highness. "re ha,e also seen that, as the special
iontion of poria and organs i!l an advantage to each 
being, 80 natural selection will tend to render tho or
gnnisntion of C1lCh being morc specialised and perfect, 
-ami in this sense Iligher; not but that it lIlay and will 
leMo many creatures with simplo and llnimpron!d struc
tUf('S fitted for simple conditions of life, ane! in some 
Cfl8CII will ovon degrade or simplify tho organisation, yet 
lellving such tlegratled beings better Htted for their new 
walks of life, In another and moro general manner, 
no"' species will become superior to their predece890tS; 
for thoy will have to beat in tho strugglo for life all the 
older fonns with which they como into eJoee competi· 
tion. "10 may therefore conclude that if under a nearly 
simillU'climate tbeoocene inhabitants of the worM could 
be put into competition with tho eJ.:isting juhauitants, 
the fonner would be beaten and extenninoted by the 
latter, ns would tho secondary by tho eocene, and 
tho paln.'OZOie by tl16 secondary forms, So lhat by thk! 
funrillmenlal test of yictorv in tliO battle (or life. fI8 well 
as by tho stuudard of tho specialisation of orgall.'l, 
modern forms ought Oil tho theory of nntuml selection to 
slaud higher than ancient forms, Is this tho case? A 
laJW) majority of palfOOutologistB would answer in the 
affinnati\'o; and 1 suppose that tho ansl\'cr must be 
adrnitted ns true, though difficllit of full proof. 

It is no mlid objection to this conclusion, that certain 
Brachiopods have been but slightly modified from au 
eltrcmciy remote geologiCtlI cpoch. It is not an 
insllpemblo difficulty that Forarninifem ha\'o IIOt. as 
insistcd on by Dr. Carpenter, progressed in organisutioll 
sineo oyen the Laurentian epoch; for somo orgalli:ms 
wonld 11Ilvo to relllain fitted for similic collr\itiOll8 of life, 
8wl wllnt could be better fitted for thia cm} than thCI:IC 
lowly orgnnised Protozoa? It is no great difficulty that 

In.. CI">mrolete wor!< of Ch .......... - n,.......,.... nnl" ... 
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fresh-water shells, IlS Professor Phillipe has urged, ham 
remained almost. unaltered from tlle time when they 
first appe6red to the present day; for theee shells will 
Illlve been subjected to less se,'ere competition tban the 
moliuliC!l inhabiting the more extensivo area of the sea 
with its innumerable inhabitants. Such ohjections as 
the aoove woulrl be fatal to any vicw which included 
advanoo in organisation as a DCCCSSltry contingent.. 
'fhey would likewise be fatal to my view if Fomminifera, 
for instnne(', could be pronl<l to 111'n"0 first come into 
cxisk'nce during the Lmrentiall epoch, or Brachiopods 
dilling tho Cambrian formation; for in this case, there 
would not havo been time sufficient for the develop
ment of these OrganbmS up to tho staudard which they 
tll('n reached. When onoo ad"llneed up to any gi\'cn 
point, thero is no necesrity 011 the thoory of natural 
selection for their further continued llrogl'Ctlll; though 
they will, during each successivc age, ha\'o to be slightly 
modified, so as to hold their places in relation to the 
du\ngillg conditiOllil of life, lUI Silell objoelious hiugo 
on tho question whether WI) really know how old the 
world is, ami at what periods tho "arious forms of lifo 
lirst appc4rOO; and this may be disputed. 

Tho problem whether organisntion on the whole has 
advanced is in many ways eJ:CCfl8ively intricate, Tho 
geological record, at all times iml)Crfect, does not elt
tend far enough back, 88 I believe, to 8how wilh unmis. 
takeable clearness lhat within the known Ili:!tory of 
tho world organL'<3tion hIlS largely advanced. Even at 
the present day, looking to members of tho 8amo class, 
nnturali81a aro not unanimous which fo rmB are to be 
rankod fIiJ ltighest: thus, samo look at tho selnceans or 
sharks, from their nPllronch in some important points of 
structure to I'Clltilcs, as the highest fu;h; othel"!! look at 
the telCOlrtcansllS the highest. The ganoids stand ill-
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tcnnooiale betwC!Cn the seloceo.ns lind teloosleons; till' 
latter at th'! present day arc largely llrepondemnt ill 
number; but fomlerly seb.ceans and gtlnoids alone 
existed; and in this CfISC, acconling to the standnrd of 
highnell8 CilCElCIl, 80 will it 00 said !llat fishes llln-e 
ad,-auNXi or retrogmded ill orgauisation_ 1'0 nttempt 
to C<lmparo in the seale of higlllless members of distinct 
types fi(!(!med hopeless: who will (leeide whether u 
euttlc-fish be higher than a bce-thnt insect which the 
great Von Baer believed to 00 "in fllct more llighly 
organised than n fish, although upon II110tiler type" '! 
III the complex struggle for liCe it ia quite crediblethllt 
erl1Staceal\~, not yery high in their own c11l1l1!, might 
Leat cephalopods, the highest mollu8C8; and lIucll orus
taceans, though IIOt highly developed, would 811md '-ery 
high in Iho aco.le of inverlebmte !Ulima Is if judged by 
tho most deciii,-e of 1111 trials-tho law of battle_ J3c.. 
sides these inherent difficulties in dC!C iding wllich forms 
nre the most a(lvllnced ill orgauisation, \\'0 ouglJt not 
solely to compare the !Jighest members of n cll\S8 at 
any two periods-tllOugh undoubtedly this is OliO lind 
perhaps tho most important clement ill striking a 
balance-but we ought to compare all tho members, 
high and low, at tho two periods. At an ancient epoch 
the highest and lowest mollusc", namely, cephnlopod$ 
and brnchiot:l(xls, swarmed in numbers: at the Ilreseut 
time both orders are greatly reduced, whilst oilier ordet'll, 
intermediate iu organisation, hll'-e largely increased; 
collSCqueutly BOrne naturnlists maintnill that mollu.sc.s 
weTC former ly more highly d(weloped than at Ilr6SCnt; 
but Il stronger cuse can be mado ont on tho opposite 
side, by consider ing tho vast reduction of tho lowest 
molluscs, lind tIle fnct that our uistillg cephalopods, 
though few iu number, aro more highly organised thlln 
tbeir anciellt rcpresentnti,-cs. Woought also tocompllro 
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Ihe relati'fe I,roportional numbers of tho high and low 
clnsses throughout tho world at any two periods: if, for 
jn~tance. at t1H~ present day fifty thollsancl kinds of 
,-ertchrate nnimals crist, and if we knew Illat at some 
former period ouly teu thousand kinds cxisted, wo ought 
to look lit this increase in number in tho highCflt class, 
which implies a great displaccmcnt of lower forllls, us 1\ 

decided ndvtlnco in the organi&ltion of the world. We 
thus sec Ilow hopelessly difficult it is to compare with 
perfect rainless. under such extremely compl('x relations. 
the standard of organisation of the imperfectly.knolrll 
fnuDas ofsuCCCflSi,'c periods. 

Wo shall appreciate this difficulty the morc clearly, 
by looking to certain existing faunas anel flort\8. }'rom 
the extraordiunry manner in which }:uropeall produc
tioua ha'-e reeentlyspread over New Zealnnd, and IIIH-O 
seized on places which must hMO be<!n pre,'iouslyoceu
]lied, we must believe, that if all tho auimals nnd I)lauts 
of Great Britain were set froo in New Zenlnnd, in the 
<'OUI'8O of time a multitude of British forms would become 
thoroughly natumlised there, and would extemliuate 
mauy of the natives, On the olller lland, from hardly a 
single iuhabitant of the 80UtlICTn hemisllhere ha"ing 
llceome wild in allY part of Europe, we may weli donbt 
whetber, if all the productions of New Zooland were 
IlCt free in Great Britain, any considerable number 
wOIII(1 be enabled to seize on plll.CQB now occupied by 
Ollr natil'O plauts and animala Under this point of 
yiew, tIle productions of Great Britain stand much 
lligher in the 8CIl.le tblUl those of New Zealand, Yet 
tllo most skilful naturalist, from tin examination of 
the Bpt:!cies of tile two countries could IIOt have foreseen 
tbis result. 

Agassiz and fiC'ferai other highly competent judges 
jnsist that ancient animals resemble to a. certain cxtent 
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tllo cmbrY09 of recent animals belonging to tho 8nlllO 

classes; and that tho gcolO'.;icul succession of extinct 
rOrIllS is nearly pamllcJ with tho embryologiClll do,"1)
lopment of c:listing (oml&. This view accorda admi
mhly welt with our thoory. III a futuro chapter I shull 
attempt to show that tho adult differ!! from iu embryo. 
owing to YariatiollS f!UI>cr\-cning at a not early age, and 
being inherited at a corresponding age. This process. 
whilst it leaves tho embryo aim08t unaltered, continu
ally adds, in the courso of sucoossive generations, lUora 
and more diffcrence to the adult. 1'bus tho embryo 
comes to be left as a 80rt of picture, preserved by 
nature, of the ancient and less modified condition of 
the animal. This ,-iew may be trno, all(l yet may lleyer 
bo capable ef full proof. Seeing, for instance, that 
the oldest knowIl m.nmmals, reptiles, and fishes strictly 
bclong: to their proper classes, though lOme of theao old 
forms oro in a slight degree less distinct from each 
other than nre the typical members of the same groups 
at the prcscnt day, it would bo "ain to look for animals 
baying the common embryological character of the 
Vertebrata, until beds rich in f088ils are disco"ercd far 
bencuth tho lowest Silurian stratum-a disco"ery of 
wllich the chance is small. 

On. the Suct;t'JllIion of the lamtl Typs uithin.lh4 lei,"" 

Arem, du~in!l th~ laler Tertiary period&. 

Mr. Clift many years ago showed that tho fossil 
mummals from the Australian CUVC!I were closely allied 
to the living marsupials of that continent. In South 
America, a similar relationship is manifest, oven to an 
Imoouco.tcd oye, in tho gigantic pieces of armour, like 
those of tllO armadillo, found iu several parts of La. 
Plaia; and ProfCSllOr OweD. has &hown in the most 
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striking manncr thntmostoftlle fossil mammals, buried 
there in such numbers. are related to Soutb Amcrican 
types. This relationship is e ,·ell more clearly seen in 
the wonderful collection of fossil bones mado by Mi\L 
Lund and Clausell in the caves of Bro:l;il. I was so 
much imprt!:Sl!OO. with these facts that I strongly insi~ted, 
in 1830 and 1845, on this" law of tho sUCC<!8IIion of 
types,"-oll "this wonderful relationship in tho Slime 
continent betWCCIi tlledclld aO(I tllO living." Profe880r 
Owen lllUi subsClqucntly e.xtended the 8Ilme genernl.i.M
lion to tho mammals of tho Old World. We see the 
II/lme Inw in this author's restorotions of the extinct IUld 
giguntic birds of New Zealand Wo 800 it also in the 
uirds of tho awes of Brozil. iUr. Woodward hM ShOWD 
that the sarno law holcls good ·with sca..shells, bnt, from 
the wido distribution of most genem of molluscs, it is 
1I0t well displayed by them. Other caBeS could be 
ndded,1\8 tho relation between tho extinct nnd living 
laud-sllClls of Mndoim; nnd betwcen tho cxtinct and 
living brnckisll-water shells of the Arolo-CaslJinn Sea. 

Now wllnt docs this remarkablo law of tho succession 
of tho 8Ilmo types within the snmo ar<!ns mean? He 
would be a hold man, wllo, after comparing the present 
elimato ·of Australia and of parts of South America 
under tho l!Il.mo latitude, would attempt to account, 011 

tho ono hand, by dissimilar physical conditiollS, for tho 
dissimilarity of tho inhabitants of these tll"O continents, 
and, on tho other hand, by lrimilarity of conditiollS, for 
the nniformity of the snme types ill each during tho 
lawr tertiary periods. Nor can it be prewnded that it 
is an immutable law that marsupials IIhould ha"o been 
chicflyor solely produced in Austral ia; or that Edcntata. 
and other American types should ha,·o been solely pro
duced in South America. For we know that Europe 
in ancient timcs was peopled by numcroUlJ marsnpials; 
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and I bal'C @bown in the publications 11.00'·0 alluded to, 
that in .\nlerica the law of distribution of terrestrial 
mammals lH18 formerly different from whnt it !lOW is. 
Xortlt America formerly pilrtook strongly of the present 
ellll.ro.cter ofthe80lIthern half of the continent; and tho 
southem half was formerly more closely allied, thaD it 
is fit present, to tho northern half. III a similar lOaDner 
11'0 know, from Jtlliconer and Cautloy's disco\·eries, that 
Northern India wna formerly more closely related in its 
mammals to A.frica than it is at tlu~ prescnt time. 
AnalogoUB fnets could be gi,·en in relation to tho distri
blltion of marino animala. 

On tho theory of descent witl. modificatioll, tho great 
law of the long cnduring, but not immutable, suCOOS!ion 
of the same types within the same areas. is at onoo 
explained j for tho inhabitants of each quarter of the 
world will obviously tend to lea,·c in that quarter, 
during tho nextsuceooding period of time, closely allied 
though in SOlllO dcgree modifiod doscendanta. Ii the 
inhabitants of ono continent formerly differed greatly 
from th08e of another continent, 80 will their modified 
descenoont.s st ill differ in nearly tho same manner and 
degree. But after \'ery long intena ls of time, and 
after great geographical changes, penuitting mueh 

... inter-migration, tbe feebler will yield to tbe more 
dominant forms, and tbere will be nothing immutable 
in the lawl of past Ilnd present distribution. 

It lOlly be asked in ridicule, whether I 8111)1>0010 'that 
the mcgathorillm nnd other nHied hugo monsters. which 
formerly Ih'cd in Sontll Amerien, have loftbellind them 
the sloth, armadillo, nnd anteater, as their degenerate 
descendal\ts. This cannot for an instnnt be admitted, 
'fbcse huge nnimo.ls hnve become wbolly extinct, nnd 
hll.\·e left no progeny. But in the alYes of Bmzil. thcre 
tire mllny extinct species which are closely allied in 
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si:.:o and in all other charncters to tlU) spl!'Cies still 
Jiving in South America; and BOmo of theBO fONils may 
be tho actual Ilrogenitors of living speeies. It must 
Dot be forgotten that, on our thoory, all tho species of 
tho sarno genus are the descendants of BOmo ono species; 
80 that, if six genera, each hn'"ing eight SP(X:iC8, be 
found in ono geological fonnation, and in l\ succeeding 
formatioll tllcro be six other allied or rCllrcscntatiYe 
genern ench with the same number of 81>ecieB, then we 
mny concludo tbnt generally only one species of encil of 
tho oldor genera haa loft modi fled desccndanll!, which 
oonstitnUl tho sc'l'"eml species of tho now genera; the 
other so,'on I!pecies of each old genua haying died out 
ancl left 110 progeny. Or, and this probably will be a 
far commoner ease, two or three species ill two or three 
alone of the aix older genern will be tho parents of the 
new genora.: the other species and the other whole 
genora. haying becomo utterly extinct. In failing 
orders, with tllO genera and species dccreasing ill 
llllDlbcrs, flJJ is the easo with tlu) Edentatn. of South 
Americl\, still fower genera. and species willlcfn'o modi· 
iied blood·descendants. 

8umm~r!l of tM pruedin!J and preasnt Olapler. 

I ha,'O attempted to show that the geological record is 
ertremely imperfcct; that only a small portion of tho 
globe haa been geologically {,:'I:plorcd with care; that 
only t'!crtaiu cll\SS(lS of organic beings havo been largely 
prefJOm)(1 in l\ f~il state; that tho number both of 
specimens l\n<i of species, prescr.'cd in our museums, is 
absolutely iI.B Ilothing compared with the number of 
gencrations wllicli must have IlIlS8Cd l\way c,-cn duriug 
a single fonnation; that, oll'ing to subsidenoo being 
almost nCCCll8llry for the accumulation of deposits rich 

.2 • 
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in r088il 8p<'Ciee or very many kintb nOli thick enough t~ 
resist ruturo degmdation, great inwn'a18 or timo must. 
ho.,'o clajl9l'(l between most or our IU0ces8h'o formations j 
that there hM probably boon mom extinction during 
tho periods of subsidence, and more variation during 
tho period~ of elevation, ami during tho llltter tho record 
will hlll'e been least perfectly kept; that each singlo 
ronnntion hfll not been continuou81y depositod ; thllt 
tho duration of caell rormation is, probnbly, Ahort com
pared with tho Il,'crego dumtion of specific forms j that 
migmtion hns plllYod nn importnnt pnrt in the first ap
pearance of lIew forms in filly ono area ami formntion ; 
that widely ronging spocies are thoee "r!lieh IIIn-o varied 
moat frequently, I1Dd bl1" o o!\cucst givell rise to DOW 

spcciCII; that ,'arietice havo fit first beeu locnl; find 
lastly, although cach .species must hal'e 1)M8('(1 t111'ough 
numerou8 tmu!itiOIlM sta.,"CB, it is probable thnt the 
pcrio<l~, during which each underwcnt modification, 
though many and long as measmed by yenrs, 1111" 0 been 
short in comparison with the peri()(b dllring- wllieh each 
remaiued in all unclmngcd condition, These cuuscll, 
taken oonjointly, will to a largo extent explain why_ 
though 11'6 do find many links-wo do not fiml intcr
minable Yflnetics, connecting together all utiuct aud 
existing fomls by the finest grndllstOO 8tept'. It should 
MIlO be constantly borne ia minet that nny linking 
"arieties between two or more rorm8, whidl might be 
rouud, 1I"01i ld be ranked, unless tho whole cJlain t:onld 
be perf~t!r restored, as I!() many lIew nn,l distinct 
spceies; for it is not pretended that we h8\'0 any 
SIITO criteriOIl by which specics and ,'urietics can be 
discrinlillatc<1. 

He who rcjeets tllCse views on the impcrfcetion of tbe 
geological ret'On:i, will righlly rt'ject the whole tboolT_ 
}'or he lIlay ask in vain where arc the numberless 
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transitional links which mU8t formerly have connected 
the c10ecly nllied or representative species, found in the 
8Uet'es8il'c stnges of the same great formation? He 
may disbelievo in tbe immense intervals of time whieh 
ha,'c elnpBed between our consecutive formatioU8; he 
mny overlook how important a part migrotion has 
played, when the formations of nny one grout region 
nlolle, lUI that of Europe, nre considered; IIC may urge 
the apparent, but often falsely apllUrcnt, suddon coming 
in, of wholo groups of species, Ho mny ask where arc 
the remains of those infinitely numerous organisms 
which must. hn,'c existed long before the Cambrian 
system WIIS deposited? ,re now know thnt at least 
une animal did then exist; but I can all8wer the abo.e 
question only by BU(lposiug that where our ocellns now 
extend thoy II/1\'O extended for all enormous period, and 
where our oscillating cOlltiuents now stnnd they have 
stood since the commencoment of tllO Cambriall system; 
but tilRt, long before that epoch, tho world Pl'ClICuted a 
widely different aspect j and thnt the older continents, 
formed of formations older than any known to us, nist 
now only IlS remnants in a metamorphosed condition, 
or lie sHU buried under tllC orean. 

PllSfling from these difficulties, the other great lend
ing facts ill pollOOntology seem to mo sim))ly to follow 
on tho theory of descent with modification through 
nntuml selection. We can thUil undel'lltond how it is 
thnt now species come in slowly and succcssi,'ely; 1I0w 
species of different classes do not necessarily, change 
togethcr, or at IlJe SIlme rate, or in tho flRmo degree; 
yet in tllO IOllg rUll that nil uudcrgo modification to 
BOme extent. 'l'ho extinction of old forma iii the nlmost 
iuevitablo conscqut'DCO of the production of new forms. 
'\'0 can understond wby \\hcn n specie! has onoo 
disappeared it no,'er reallpcrutl, Groupe of species 

2>2 
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inl'l'('fISQ in numbers slowly, and enduro for unequal 
periods of time j for the proecee of modification is 
nCCClllflrily Ilow, aud depends Oil many complex con
t ingendl'L 1'ho dominant species belonging to large 
and dominant gronps tend to leavo many modified 
dcsccndauts, wllich form new sub-groups and groups, 
As thcso are formed , the species of tho less yigorollB 
groups, from their inferiority inherited from 0. oommon 
progeniklr, tend to becomo extinct together, and kl 
leavo no ulodified off,:;pring on tho filCO of the earth. 
But tho utter extinction of 8 wholo STOuP of lpooies 
has 80metimcs been 8 slow Proce88, from tho survil'al of 
a few descendants, lingering in protected and isolated 
situations. "'hen a group has onoo wholly disappeared, 
it does not reappear; for tho link of generation htlS 
been broken. 

Wo 001\ understand how tho dominant fonns which 
sprcn.d widolyoml yield the greateRt number of m rictics 
wiU tend to peoplo tho world with aUied, but modifiod, 
dcscendants j nnd these will gencmlly SIlC('(lC(i in Ju.. 
placing t ho grotq18 which aro their inferiors in tho 
strugglo for existence. Hence, after long illterl'als of 
time, tho llrOOuctions of tho world all pear kl ha\'o 
c.hanged simultaneously. 

Wo co.n IInderstand how it il that all tho forms of 
life, nndent onel recE'nt, make togctller 8 few gmnd 
cll1S8C8 j rorall are at loosttbus far connected bygencm. 
tion. '" c can nnderstand, fronl the continued tendency 
to dil'crgcnce of chamcter, why tho more ancient Il form 
is, tho more it genr>rnlly diffel1l from thoeo nOlv Ih'ing j 
why aJlei(lnt and e,'l:.tinet forms often telld to fill up 
gaps betwoon existing forms, sometimc8 blending two 
groups, previously classed as distinct, into 0110; but 
morc colDlilonly bringing them only n. littlo closer 
together. 'l'he more ancient a form ii, tho moro often 
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it BlandB in 80me dcgree intcnnediate between groupE! 
now distinct; for the more ancient a form L;o, the more 
nearly it will be related to, and consequently resemble, 
the common Ilrogenitor of groups, silloo become widely 
divergent. Extinct forms are seldom directly inter
mediate between existing forms; but arc intermediate 
ouly by (\ long and circuitous eourso through other 
extinct and different forms. We can dearly see why 
the organic remaill.lj of closely consecutive formations 
aro clOBCly allied; for they are clOBCly linked together 
by generation. We can clearly 800 why tho rcmll.i.ru of 
lUI. intermediate formation are intenucditlte iu charncter. 

The inhabitants of eneh 8ucce8!Oin~ period in the 
world's hi"tory must have benten thcir predecessors in 
tho moo for life, and are, iu 80 far, higher in the scale 
of nature, and their structnre has generally become 
more specilll iscd; and this may account for tbe common 
belief held by 80 mnny p<llreontologisf.il, that orgallisntion 
on tbe whole hag progrellSCd. }:xtinct and IIncient 
animals resemble to a certain extent the embr-yos of tbo 
more recent animals belonging to the IlAme classes, and 
thi ... wonderful factrcceive8 a simple exl)lauation accord
ing to Ollr ,·iewa. 'fhe suceC88ion of Ole Mme types of 
structure within tho same arcIUJ during the later geolo
gical periods ceases to be mysterioll.lj, and is intelligible 
ou tile princillie of inberitance. 

If then the geological record be lUI imperfect 1\8 many 
believe, find it may at least be W!8Crted that the record 
cannot be pro"ed to be much more perfect, tho main 
objeetions to the theory of nntunli selection are greatly 
diminished or disappear. On tbe other hand, all the 
chief laws of palreouiology plainly proclaim, 1\1 it seems 
to me, that species hM'O been produt'Cd by ordinary 
generation: old forms baYing been supplanted by new 
and improved forms of life, the produets of Variation 
and the Sur"jva! of tho Fittest.. 
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CHAPTER XI. 

GmollAFnICAL Dl8TRlnUTIOlf. 

Pre.ent d!.tribution cannot beacoountcd for by <lifferonccs in ph,.
lieal oouditioo,- l mporl&llOl! of banie,.-Affioityof tbe pro
ductio", of the IalllIl eontinellt_Ceotrel of ctNtion-Mearr! 
ofdilperal byehangelof clim.l.eandof tbe IeYdof the land, 
and byOOC:NionaI mea.a-Dilpent.1 dllring tbeGlacwlllriod 
-AIttrn&teGlacialperi<.dainlheNorthUldSoutb. 

IN cons.idering the distribution of organic beinSll O'fer 
the fnce of the globe, the first great fact which strikes 
U8 is. that Ileither the similarity lIor the dissimilarity 
of tho inhabitants of "arious regions cnll be aceoullted 
for by their climatalnnd other physica.l conditions. Of 
Into, almost every nuthor who has studied tho subject 
hlUl como to this conclusion. Tho ca.se of America 
wono would almost 8uffice to 11f(),'O ita truth: for if wo 
oxcludo tho northern parts wllere tho circumpolar land 
is alm08t continuous, all authors agree thnt one of tho 
most fundnmental di"isions in googmpbical distribu
tioll is that between the New and Old Worlds; yet 
if we tm\'el o,'cr the 'fast Amcrican continent, from 
tho central parts of the United States to its extreme 
IIOOtllCrn point, we meet with the most dh'ersified con. 
ditions; humid districts, arid deacrts, lony mOlllJtaius, 
grnssy Illnins, forests, marshes, lakes, and grent rivers, 
under nlmost c,'er), temperature. Thero is Illlnlly 
a climnte or condition in tbe Old World which cannot 
be paralleled in thc New-at ICMt lUI cl08cly 0Jj: tho 
same 8pecice gcncmlly require. No doubt small aI'C1UI 
can be pointed out in the Old World hotter than any 
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in the New World, hut these are not inhabited by a 
fauna diffcrent from that of the surrounding districts; 
ror it is "cry rore to find a group of organi!IIlS confined 
to a smnll nrca, i18,·jng conditions pecnliar in olily a 
!llight degree. Notwithstanding this geno.rnl Jmrallel
ism in the conditious of tho Old aud Now Worlds, 
llOW widely different are thcir lh·ing productions! 

In the BOutllcrn hemisphere, if we oom))ure large tracts 
of Illnd in Australia, Sonth Arrica, and westCTlI South 
Americll, bctwC<!n latitudes 25° ami 35°, we shall find 
Imm extremely !limilar in all tIlcir conditions, yct it 
wonld 1I0t be possible to point out throo rmllllUlaud Horns 
-nlore IIttcrly dissimilar. Or again, we may compare 
-tho p..oou('tiolls or Sonth America south of lat. 35° with 
those north or 25°, which consequeutly are seporatcd by 
·8 SpAce of ~n degrees of latitude and are exposed to 
oollsiderobly different conditions, yet they are incom
pambJy more closely related to each other tll{lll thoy 
are to tile productions of Australia or Africa under 
.ncarly the snme clima~. Analogous facts could be 
given willi respect to the inhabitants of the sea. 

A sccolld great fact which strikes us in our general 
:rm'iew' is, that barriers of flny kind, or obstacles to free 
migrotioll, are related in a close and important manner 
to the dilTerenC(!s between the prodnctions of "ariollS 
J'Cgions. We see this in the great difference of nearly 
all the ~rrestrial productions o( tlle New and Old 
Worlds, cxC(!pting in the northem parts. where the 
land almost .bins, and where, under a IIlightly differ. 
(lnt climate, thero might have been (roo migration for 
ille llorthern temperate forms, 88 there 11011' is for tlle 
strictly aretic productions. We see the SIIDle fact in 
the great difference between the inhabitants of Aus
tralia, Africa, and South America undcr the rome lati-
1nde; (or thcso countries are almost 1I8 much iaolatcd 
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from each other as is pos:;iblc. On ooch continent, 
also, we see the same fact; for on the opposite sides 
of lony and continUOIlS mountain·mnges, of great 
deN'rt8, nnd Cl"CU of large ril'crs, we find different pro
ductions; though as mounta.in-.chnin8, deserts, &0., are 
not n.s impaasnble, or likely to hlln~ endured 80 loug, 88-

tho OC(!allS scpnmting continents, tho differences are 
very inferior ill degree to thoeo c1I1l,ractcristio of dig.. 
tinct continents. 

Turning to tho sea, we find tho same law. The 
marino inhabitants of the eastern and western shoreB of 
South America are very distinct, with extremely few 
fishes, shells, or crabe in common; hut Dr. Giinther 
has rooently shown that on opposite sides of tho isth
mus of Panama, aoout thirty per cent. of the fishcs are 
tho same; and this fact lIas led naturalistll to beheve 
that the btlunWi was formerly open. WCfltwani of the 
slloros of America, a wide space of opcn ooonn extends, 
'with not :Ut island as a Imlting-plaoe for emigrants; 
llere we have a ixlrrier of another kind, and 89 BOOn as 
this is ,mseed we meet in die cfliltern islands of the 
Pacific with another and totally distinct fanna. So tllat 
three marine fannas ronge far northward and south. 
ward in pemUel lines not fnr from each other. under 
corresponding climates; but from being separated from 
each other by impossnble barriers, either of land or 
open &en, they are almost wholly distinct. On tile 
other hand, pl'OCt'eding stili farther westward from the 
eastern islands of tbe tropical pmts of the Pacific, 
wo encounter 110 impassable oorriers, and we hal'o innu. 
mernblo isilluds liS halting-places, or coutinuous coosts, 
until after trfll'elling o,'er a hemisphere we COllie to tho 
shores of Africa; and o\'er this "ust apace \\'e llloot with 
no well-defined and distinct marino fauuas. Although 
SO few sheila, crabs, or fishca are common to the aoom-
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named three approuIllIlw fa.unas of Eastern and Western 
America and the eastern Pacific island .. yet many fish 
mngo from the Pacific into tbe Indian Occnn, and many 
sbells are common to tbe ea.rtern islands of the Pacific 
/lnd the eastern shores of Africa, on almost euctly 
oppoeito meridians of longitude. . 

A third great fact, partly included in 1110 foregoing 
statement, is the affinity of tbe llroductions of the same 
continent or of the sume sea, thongh tho species them. 
seh-C3 nro distinct at different points and statiOIlll. It 
is a law of the widest genemlity, and erery continent 
o(l"ers innumemblo illlliances. Ne\·ertbeIC!>il tho natu. 
mlist, in tmn:!lling, for instance, (rom north to south, 
no\·er fai.ls to be struck by tho manner in ",hich sue
ce8I!i\·e groupe of beings, specifically distinct, nearly 
related, replace each otber. lie hears (rom clcselr 
allied, yet diijtiuct kinds of birds, notes nearly similar, 
lind 8008 their nests similarly collstrueted, but not quite 
alike, with eggs coloured in nenrly tho SIlme mauner. 'fhe 
plaill.llnear the Straits of Magellan are illlJRbited by one 
species of Hhen (American ostrich), and nortllll-ard the 
plains of La. Plata by another species of tho 8ilmo geuus; 
and not hy a true ostrich or emu, like thoee inhabiting 
.ifriea and Australia under the llame latitude. On 
theee llame I)lains of La Plata, wo 800 tlie agouti and 
bizcacha, animals haying nearly the same habits 88 our 
hlllCl and rabbits Rnd belonging to the 8tlrue order of 
Uodeuts, hut Ihey plainly display an American type 
of .structure. We ascend the lolty peaks of t110 Cordillera, 
and we find an alpiuo species ofbizcaeha; we look to 
tho wnters, nnd wo do llet find the ooaYl!r or musk.rat, 
bnt tho eoypu and capybora, rodents of the S. American 
type. Innumeroble other illlltnllees could be gi,·en. 
If wo look to tbe islands off tho American shore, how. 
ever much they may differ in geological structure, the 
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inhnbi14nts are essentially American, though they may 
be all peculiar speciCli. We lOllY look back to past 
ages, M ,holl'n in the IlJ.'jt chapler, and we fiud Arne
ricnn tYllCll then prevailing on the American continent 
and in the American scas. We 800 in the~ facts some 
dOOjl organic bond, throughout spuco Rnd time, o\'er tho 
Mine areM of land lind water, and independent of pily. 
sical conditions. 'l'ho naturalist must bo dull, wllo js 
not led to inquire what this bond is. 

The bond is simply inheritance, that cause which 
alone, M far as we positively know, producee organisms 
quite like each other, or, as we soo in tho case of 
varietice, nearly alike. The dissimilarity of the inha. 
bitant! or different regions may be attributed to modifi. 
cation through natural selection, and in a subordinate 
degree to tho definite infiuence of difTtlI'Cnt Jlhys.ical 
conditions. Tho degree of dissimilarity will depend Oil 

tho migratiou of tho moro dominflDt forms of lifo from 
ouo region into another haying been prevented moro or 
less effoctually, at periods more or leM remote ;-Q1l 

tho nature and number of the former immigmntIJ ;-llud 
on tho action of the iuhabitantIJ on each other in leading 
to tho I1TCServatioll of different modifications i the rcla.. 
tion of organism to organitim in tho stnlggle for lifo 
being, lUI I ha\'o already often remarked, the most im. 
portant of all relations. Thus tbo high importaneo 
of borriers comCll into Illay by checking migration; as 
dOOB timo for Ole &Jow proccas of modification through 
natnral Bclection. Widely-rung-ing 8p<!CiC8, abounding 
in indil'idll:lls, whicll havo already triumphed Ol'er lUany 
compctitortl ill their own widely·extended homes. will 
IHH'o tho b&t chalice of seizing on 1IC1I' places. wheu 
thoy spread into !lOW countries. In their now homes 
they will be exposed to new condition@, and 11 ill fre. 
qucntly undergo further modificntion and iDlllrQ\'ement i 
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nnd thus they will become still further "ictcriom, nnd 
will produce groups of modified dcacendaDta. On this 
principle of illheritance with modi6.cation, we caD under
stand IIOW it is that sections of genera, whole genorn, 
and even fam ilies nrc confined to tllC sarno areas, as is 
80 commonly and llotorioualy the c~. 

I beliove, nB '\V8.!I remarked in tho last chapter, in no 
law of nccC88ary dc\'ciopment. As tho variability of each 
species is nn independent property, and will be taken 
ndvantuge of by natural selection, ouly 80 fa r lUI it profits 
each indh'idual in its complex struggle for life, 80 the 
amonnt of modification in different spocies will be no 
unifonn quantity. If 8 number of species, after baving 
long oompetcd witb eacb other ill their old home, were 
to migrato in II. body into a new and afterwards isolated 
country, they would be littlo liable to modification; for 
neither migration nor isolation ill thcmselnlll enn effect 
anything. These IJrinciples como into piny only by 
bringing organisms into new relations with each otber, 
and ill a lesser degree with tho surrounding IJhysical 
conditions. As wo have seen il) tho last chapter that 
somo forms have retained 1I0arly tho sarno chantetcr 
from nn enormously remote geological period, 80 certain 
speci08 hn'l'e migrated o'l'cr ,'ast spRCCfI, and ha'l'o not 
becomo greatly or 8t all modified. 

Accordillg to these Yiewa, it is ob\'ious that the severnl 
species of the sarno genus, though inhabiting the most 
dilltaut quarters of tbe world, must originally ha'l'e pro
ceeded from tbe snme source, 8.!1 tlleY arc descended 
from the snlUO progenitor. In tho CIl80 of thOBO spccies, 
"'hiell llavo Wldcrgouo during wholo goologiCilI periods 
but littlo modification, there" 1I0t much difficulty in 
beli.wing that tbey may haye migrated from tho same 
regioll; for during the vast goographicnl and dimntnl 
changes which hayO supeneued sinoo aucient times, 
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alm06t nny amount of mignttion is poB8ible. But in 
many other cases, in which wo havo fClI80n to beliov 
that tho 8pCCi£'8 of a genw havo been produced within 
compomth'ely I'OOCnt times, there is grt"at difficulty on 
this head. It is al!lO obvious that the individuals of tho 
SIImo species, tbough now inhabiting distant and isolated 
regions, must have proceeded from one spot, where their 
parents wero first produced: for, IlS oxplainc<t in tho last 
enallter, it is incredible that indh'iduals i(lentically tho 
same should hlwe been produced from parents spc<:ifieally 
distinct 

Singl~ CenJm of '"pp6I«l Creo1km.-We are thus 
brought to the question which baa been Inrgcly dis
cu8!lCd by naturnlists, namely, whether species hnvo 
been created. at ono or more points of tho carth's surfi!.ce. 
Undoubtedly there are mnny CIlSCII of extremo difficulty 
in umlerstaJlding how the same epccies could possibly 
havo migrated from some ono poiut to the 8Cveral 
distant and isolated points, where now found. Never
theless tho simplicity of tho view that each species WIlS 
first produced within a single region cnptimtes tho mind. 
He \Iho rejooLs it, rejects tho t'eTa cau.aa of ordinary 
generation \Iith sull6equcnt migration, and calls in tllO 
agellcy of a miracle. It is nnh·cl8Il.lly admittoo, that 
in most cases tho area inhabited by a 'pccics is con
tinuons; and that when a plant or animal inhabits tll"O 
points 80 distant from each other, or wilh an intenal of 
sllch a nature, that the spaoo could not be easily passed 
O,'Cf by migration, the filct is given fill 80mething re
markRble and exceptional. 'fhe ineapl\City of migmting 
aCf088 a. wide sen is more clcar in the CfiIIe of terrestrial 
mammals, than perhaps with Rny othcr organic beings; 
and, accordingly, wo find no incl:plicable instances of 
the SIllUe mammals inhabiting distant llOillts of tllo 
world. No geologist foola any difficulty in Great 
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Britain po8fIC88ing the same quadnlpcds with the rest 
of Europe, for they were no doubt onoo IlIUted. But 
if the some speeies enD be Ilroduood at two 8eparato 
points, why do we not find a single mammal common 
to Europe and AlIlitrnlia or South America? The con
ditions of lifo arc nearly the same, ao tllat a lDultitude 
of European animals and 1'11\1\18 Inwo becomo Daturalised 
in America o.nd Austrnlio.; nnd some of tho aborigiual 
]llRllfB are ideotically the Mme at theoo distant points 
of the northenl and southern h('mispllef'Cil? Tho no-
811cr, IJ.8 I oolic\'e, is, that malnmalll haro not been ablo 
to migrate, whereas some plants. from their "aned 
m('tllll of dispersal, ha"e migrated acl'088 the wide and 
broken intel'llpaOOll. The great and striking influence 
of oornel'll of all kinds, is intelligiblo Duly on the view 
that tho great majority of species havo OOcn produced 
00 0110 aide, alld havo not been able to migmto to tbe 
opposite aide. Somo few fllmili()!l, Illany sub-fllmilieo, 
"ery many gcn(!rn, and aatill greater number of IM'lCtions 
of g<lll(!rn, ara confined to a s.ingle region; nnd it Ims 
b..."'C1I obecm:!d by I!Cveral naturalists, that tho most 
natuml genom, or thOl!6 genera in wilich the 8pecies are 
mo .• t clO8Cly related to each other, arc generally oonfined 
to tho SIl.me country, or if they have a wido lange that 
their range is oontinuoUll. What a strange anomaly 
it would be, if a directly opposite rule were to pn:rmil, 
when we go down one step lower in tilo 8Criee, namely, 
to t:le indh'iduals or the Mme species, nnd these had not 
bcc>1l, at lenst at first, confined to some one region ! 

llrnoo it eocms to me, ns it has to mnny otller 
nntllralists, that tho view or each ape<:ics having b<xJn 
produoo(l in one aroo ruone, and bM'ing subsequently 
migmtoo from tbat area as far 118 its powers of migration 
tIIl<\ sub&istenoo under past and prescnt oonditions per
mitted. it tbo most probable. Undoubtedly many cases 
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occur, in which wo cannot explain how the SlImo species 
could havo 1:oassOO. from on~ point to the other. But 
tho geogrnpllical and clirnatal changes. which have cer· 
tainly occurred within recent geological timee, must 
IlIn'e rendered di!lOOntinuoU3 the formerly continuous 
runge of many species. So that we nrc reduced to 
consider whether tbo exceptiOIl.!l to continuity of mnge 
nre 80 numerous and of IJO grave a nntnre, thnt we 
ought to give up the belief, rendenxl proboble by 
general considerations, that each speeiflS has been pro
duced within one ar('fl, and has migrated thenoo Il.!I far 
as it could. It would be hopelessly tedious to discuss all 
the exceptional Cll308 of the same species, now lh'ing 
at distant and sepamted pointa j nor do I for a moment 
preteml that nny explauntioll could be offered of many 
instnnce&. But after IOmo proliminfLfy remnrks, I will 
discuss a fow of the most striking classes of fucta; 
namely, the existence of the snme SpooiCSl on tho sum
mits of distant mountain-ranges, and at distant points 
iu the urctie anrl antnrctic regiou& j and secoudly (ill 
the following clutptcr), tho wide distribution of fresh
watcr llroductioIilJ; anel thirdly, the occurrence of the 
sa.me terTCStrial species on islands nnd 011 tho mainland, 
thougll separated by hnlldrodll of miles of open sea. If 
the exisumco of the MUle spocies nt distant Rnd isolated 
points of tho earth's surface, can in many instances be 
explained on the ,'iew of each species having migrated 
from a single birthplace j then, considering our ignor-
anee with respect to former climntnl nnd geogrnphical 
changes and to tho various occasional mean~ of trans
port, the beliefthat a single birthplace is tho law, lOOms 
to me incomparably the l!8fest. 

In discussing this eubject, we shall be enabled nt tlle 
same time to rons.iucr 0. point equnlly important for us, 
namely, whether tll0 several 81lCCies of a genus, "hich 
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must on the theory all be descended from 0. common 
progt'nitor, eo.lI ho.\'e migrated, undergoing modificntion 
during their nlig-ration, from somo ona area. \Yben 
111Olitof til!' lipc<'ies inhabiting OlIO region are different 
from thOllC of another region, bllt o.ro closely allied or 
belong to tho samo genora, if in 0.11 such Cn.<JCS it can be 
shown that thero probably IIIUl been nt somo former 
period migfl'ltion from the one regioll to the other, our 
general viow will be much strengthened j for tho eXIJJa
nation is ob"ions 011 the principle of dC8CCnt with modi
fieo.tion. A yolcunic island, for instance, UI)llcuved and 
formcd at tllO di:itance of a fell' hundreds of miles front 
a contincnt, would probaLly receive from it in tho course 
of time a fow colonists, and their descendants, tbough 
1l1odificd, would stili be relaterl by inllcrilnncc 10 tho 
inhnbitnuta of that continent. CI\SC8 of this nature are 
common, and IU"C, IUl we sho'!l Ilcrenftcr ace, inexplicable 
on the thoory of independent creation. This view of 
the relation of tho specics of 0110 region to those of an
other, dOCB not differ much from that ad"lmced by Mr. 
\Ynllacc, who concludes that" every spocie8 IiIUl come 
into existence coincident both in space and time with 0. 

p~xillting closely allied species." And I now know 
thnt he attributes tllis coincidence to dC8Cent lI·ith mo
dificntion. 

The discussion on "single nnd multiple ocntres of 
creation" does not directly bear on another allied quos
tian,-namely, whether all the indiyidllrus of tho snme 
Fpccie8 arc dC!JC(!nded from a single pair, or single 
hermaplll'IXlite, or whether, Btl fIOmo authors 811pposc, 
from many individuuls simultaneously created. With 
organic beings which ne,'er intel'Cro'J8, if such exist, 
eacll spedl'!l must be descended. from a Buccession of 
modifl(·d "arietics, which have supplanted each other, 
but which have ne,"er blended with other individuals 
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or varieties of the enlllo species; 80 that, at cllch SIIO
eeosivo sta~ of modifiootion lind improvement, nil tbe 
indh-idnaIs of the Mmo ,-arict)' will be dCS("ended from 
a single parent. But in the grrot majority of cases, 
namely, with all organisms which habitulIlly unite for 
each birth, or which OCCMionally intercross, the indi
"idurus of the same species inlmbiting the IIIIomo area 
wiJl be kept nearly uniform by intcrt'l'Of!8ing; 80 that 
many indh' iduals will go on simultanoously changing, 
and tIm wholo amount of modification at each stnge 
will not be 1\110 to descent from Q. single parent. To 
illustrate what I mean: our Engli;lh rnce-ho~ differ 
from the hol'8C6 of every other breed; hut they do not 
owo their llilrerenoo and superiority to descent from 
nny singlo pair, but to ooutinued caro ill tho IICleeting 
and training of mnny illdil'idw:J8 duriug each gene
ration. 

Before discussing: tho three cln1!8C8 of fuels, which I 
111wo sel<!Cte<i rus presenting the grcat~ amount of diffi
culty on the tlleory of "Biugle centre!! of creation," I 
mllst say 0. few words on tho means of dispersal 

Mean. 01 Dilpenal. 

Sir Co Lrell and other authon! ho.\Oe ably treated this 
subjecl I ffllI give hero only the briefest abstrnct of 
tbo more importallt farts. Change of climate must 
have hlld a Jlowerful influence on migrntion; lin imlmss
able region when its climate was different from what it 
now is, may lUll"e be<>n a big-II rood for migration; I 
shall, Jlowcvcr, presently hare to discuss this brandl of 
tllO subjoct in some detail. Changes of le\Oel in the 
land must also lltl.\"o been big-Illy infhlCntilli: II. narrow 
isthmus n(lw separatcs two marino faunM; submerge it, 
or let it formerly ha\"c been submerged, and the tw(l 
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faunas "'ill now blend or may formerly havo blended: 
where the sea now e::dends, land may at former periods 
lla,'o connected islands or po;;:sibly e\'en continents to
gether. and thug havo allowed tecrestrinl productions to 
pas8 from one to the other. No geologist will dispute 
thot grent mutations of le,'el have occurred within tho 
period of existing organisms. Edward Forbes insisted 
tJmt all tho w/lllds in tho Atlantic IUugt Imve boon 
r(Xlently connected with Europe or Africm, and Europe 
likewise with America. Other autllOr1Ilm\'e thus hypo. 
thetically bridged o\'cr every ocean, ami united almost 
o\'ery Wand to some mainland. If indeed tho argo
menu u9(od hy }'orhes are to be tnl,.ted. it must be 
admitted that Belll'eely a single islaud exi~ta which has 
not recently been united to some eontillCnt. 'l'his \'jew 
cula the Gordian knot of the dispersal of thu lIIlille 
species to tho most distl\nt points, and removcs many 
8 difficulty:: but to the best of my judgmflDt we are not 
authori7.cd iu admitting such enormous googrnpllical 
changel within the period of existing species. 1t scems 
to mo dInt wo have abundant cvidence of great oscilla
tionl in the level of the land or fICa j hnt 1I0t of such 
vast changes in tho position and extensiou of our con
tinents, fI8 to haye united them withill tho recent period 
to each other and to tho severnl intervening oceanic 
islands. I freely admit the former existence or llLany 
islands, now buried beneath the sea, whieh may ba\'e 
served 88 halting-plf1Ce8 for plants and for IIlllnyanimals 
dnring their mi&rrntion. In tho coral-producing oceans 
such sunken islands aro now marked by rings of cornl 
or atolls standing o\'er them. Whencver it is fnlly 
admitted, 88 110 doubt it will somo day be, thnt each 
species has llroocedcd from a singlo birthplace. and 
",hell in tho COUf'80 or time we know something definite 
about the meaWl of distribution, we shall be enabled to 

2, 



131 XE.A!'I-S OF DISPERBAL. 

speculnte with security on the former extenlion of tho 
land. But I do not believe that it will ever be proved 
tllnt \\"ithin the recent period mOllt of onr continents 
which now stand quite separate, have been continuously. 
or almoat continuously, united with ench otllcr, and with 
the many existing oceanic isilln{ls. Severnl facts in 
distriblllion,-such a3 tllO great difference in tile manne 
{aUIlII8 on the opposite sides of almost evory contincnt,
tho 01080 relntioll of t110 tertiary inlmbitants of 8C\'eral 
lands and even seas to their Ilrcscnt inhabitantB,-the 
degroo of affinity bet\\"ccn the mammals inhabiting 
wanda with th080 of the nearest continent, being in 
part determined (as we shall hereafter 800) by the 
depth of the intc-r.cning ()C('8n,-theao and olher such 
fact. seem to me opposed to the admission of such 
prodigious geographical revolutions within the recent 
period, I\Il are nccessnry 011 the \'iew adl"nnccd by 
Forbee and admitted by his many followcrs. 'l'he nature 
and relativo proportior.s of the inhabitants of ocennic 
islanda likowise 8O(!m to me opposed to the bi.>lief of 
tlleir former continuity with continents. Ner does the 
almost univcrsally ml=ic oompol!lition of slIch islands 
fa"onr the admi<Jsion that they nrc the \\"rccks of sunken 
continents i-if they had originally existed ns conti· 
nental mountain·ranges. some nt lcnst of tho islolldg 
wolliel ha"o been formed, like oUler mountoilloStllnmits, 
of granite, metamorphic achistB, old f08Siliferol13 and 
other rocks. instcnd of consisting of more Ililes of "01· 
canieDlotter. 

I mllst now SRY 0 fell' worda on what aro called aed· 
dental menns, but which moro properly SllOUld be called 
occa~iona.l mcans of distribution. I almll bero confine 
myself to plnnts. In botanical works, this or thnt plaut 
is stated to be ill adnpted for wide disseminotion; Lut 
for transport across the !!Ca, the greater or less facilities 
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may be enid to be almost wholly unknown. Until I 
1ried, with Mr. llerkcley's aid, a few c.lPf'riments, it 
was nol c,"cn kuol\"o how far seed. could resist the inju
riOUI action of llC8-watcr. To my surprise I fOllnd that 
out of 87 kinds, 64 genninated after an immersion of 
28 daYB. nnd a few 8t1n-i"l'"ed an immersion of 137 daY8. 
It dC!8CrvC8 notice that certain orders were far more 
injured than others: nine Legumillosoo wero trioo, and, 
with one exception, they resisted the sa.lt·wn1er oo.dly ; 
8e'"cn bpociell of the allied orders, llydrophyllncero and 
Polcmollin~, were all killed by 1\ month'a immersion. 
For oollvcuicnee' sake I chiefly tried small &eed~ without 
the cnpsule or fruit; and as all of thceo IIIlJlk in n few 
days. they could not have been floated 8Crosa wide spaces 
of the sea, whether or not they wero injured by the salt
""ntcr. Afterwards I tried IIOme larger fruits, capsules, 
&c., and somo of these Hoated for 6 long time. It is 
well known what a difference there is in tbe buoyancy 
of grc<ln and 8OOSOned timber; and it occurred to me 
that f100d.8 might wash clown plants or branches, and 
that theae might be dried on tho banks, and then by a 
fresh rise in the stream be wasbed into the see. lIenee 
I was led to dry stems IUld bronches of {II plallti with 
ripe f"lit, and to IJlsce them on sea-water. The ma
jority 8O.nk quickly, but some, which whilst green floated 
for a vcry short time, when dried fl06ted much longer; 
for insta~, ripe hnzel-nulB 88Ilk immediately, but when 
dried they floated for 00 days, and afterwards when 
plrmted they germinated; an asparagus-plant with ripe 
berries floated for 23 days, when dried it flooted tor 
S':; {lays, and the seeds afterwards grnuinated; the 
ripe seeds of licioeciadium sank iu two days, wben dried 
they floolcd for aoo.o 00 days, and al\cnmrds germi
nated. Altogether,out of tl10 94 driod plants, 18 floated 
for aoo\'o 28 dnya, and some of tho 18 1106100 for a 
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very mueh longer period. So that 88 £~ eeOOs genni
nated aftcr an immersion of 28 days; and as~: plants 
with ripe fruit (but IIOt all the 8tlme species as in thc 
foregoing experiment) Hoated, after being dried, for 
abovo 28 days, lL9 far lL9 we may infer anytbing from 
thcac Betlnty facts, we may conclude that dIe seeds or 
,10'*0 plants of ally country might be floated by sea
currents during 28 days, and wonle! retnin tlleir power 
of gcnnillation. In Johnston's Physical Atll\B, the ave
rage rato of tho BCveral Atlantic currents is 33 miles per 
diem (some currents running at the rate of 60 miles 
per diom); 011 this average, the seeds of rJrs plants 
belonging to one country might be floatoo acf088 92 ~ 
miles of 8CQ to another conntry; and when strauded, if 
blown to a favourable !>pOt by an inland gale, ther 
wonld genninate. 

Subsequently to my experiments, M. lTartena tried 
similar ones, but in a much better manner, for he 
placed tho seeds in 0. box in the actual sea, 80 that they 
wero alternaroly wet and exposed to the air like really 
floating llianta. lie tried 98 IleCds, mostly diff"erent 
from mine; but he chose many large fruit8 and likewise 
seeds from lliants which live near the sea; and this 
would ha\'O f(woured the average length of their flota
tion and of their resistance to the injurious action of the 
salt-water. On the other Iland, he did not previonsly 
dry the JlIIUlt8 or branch~ l\-ith the fruit; and this, as 
11"0 have seeD, would have caused 80mc of them to hare 
floated much longer. The result WlL9 that U t>£ his 
seeds floated for 42 dnys, nnd were thell capable of ger
minntion. TIut I do not doubt that plnnt8 exposed to 
the waV(!$ would float for n 1C!18 time tban thOl!O pro
tccted from violent movement lL9 in onr expcriruent8. 
'l'hereforo it would perhaps be BIlfer to 8Mume that the 
seeds of noout r'()~ plnnts of a flora, artcr baving been. 

ConL!kt W rk Ch -n rv.~() ..... n .. 



lLEA..,S 01' DISPERSAL. 137 

dried, couJd be flooted across a spnoo of sea 900 miles 
in width, nnd would then germinate. The fnet of the 
larger fruits often floating longer than tho small, is 
interctlting; as plants with larg.., seeds or fruit could 
hardly be tronsported by any other DlCall8j and Alph. 
de Candolle lIas showll that such plants gcncrolly run-e 
restrk1ed muges. 

But secUs may bo occasionally transported in another 
lI.lfLnner. Drift. timber is thrown up on most islands, 
e\'e1l on tboac in the midst of the widest oceans; and 
the nath'es of tho coral·islands in the J>aciSe procure 
stone8 for tJleir tools, solely from the roots of drifted 
trees, these stones being a nluablo royal w. I find 
Oil examination, that .. ·ben irregularly slJ8.pcd stones 
are embedded in tho roots of treo!, small pBrcels of 
earth are \'ery frequently encloeed in their interstices 
and behind thcm,-so perfectly that not f\ particle 
.eQuid be washed away in the longest transport: out of 
.olIO small portion of earth thus compldely enclosed. by 
wood in flU oak about 50 years old, three dieotyledo-
110US IIIant8 germinated: I am cariai)1 of the accuracy 
.of t!ti8 obsen'stion. Again, I call SIIOW that tho car
Cft8C8 of birds. wben floating on tho seA, 8OmeumC6 
.<!I!C8Jle being immediately deroured ; and seeds of many 
kinds in tho CfOII6 of floating birds long retain their 
\'ilality: peas and \'etehes, for instance, are killed by 
6\'en a few days' immmion in 1lC8-\\"atcr j but some 
taken ont of the crop of II, pigeon, which had floated on 
artificial saltwater for 30 days. to my surprise nearly 
nil gcnninated. 

Living birds eRn hardly fail to be highly cfi'ecth'o 
agcnt8 iu tllO trallSl)Qrtatioll of seeds. I could give 
IIlflny filets showing how frequently binla of many kiuda 
llro blowlI by gales to \'ast distances tlCl'OI!8 tho ocean, 
lYe may sarely assume that uuder such circumstances 
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their rate of flight would often be 35 miles an hour; 
and some authors have given a far higher estimate. I 
have never seen an instance of nutritious aeOOs passing 
through the intestines of a bird; but hard acedl of fmit 
1)1l88 uninjured through even the digcetiv6 OrgnIlll of a 
turkey. In tho courso of t\'iO months, I picked up in 
my garden 12 kinds of seeds, out of the excrement 
of swall birds, and these seemed perfcct., nnd somo of 
them, which wero triod, germinated. Bnt tho following 
fact is more imporlnnt: the crops of birds do not 8CCretc 
gastric juice, Illld do noi; as 1 know by trial, injure 
in tho loost the germinntion of seed.; now, after fI. bird 
has found and devoured a largo IUpI)!" of food, it is 
posithoely asserted that all the graius do not piUI8 into 
the giu.nrd for twelvo or oven eighteen hours. A bird 
in thill interval might easily be blown to tho distance 
or 500 miles, and hllwks are knoll-n to look Ollt for tired 
bird"" and tho contents of their torn crops might thus 
readily get scattered. Some llO.wks nnd owls bolt their 
prey ",11010, and, after nn interval of from twelvo to 
twonty hours, disgorgo pelle19, which, as I know from 
experiments mado iu the Zoological Gnmens, include 
soeds capable of gennination. Some seeds of the oat, 
wheat., millet., canary, hemp, c!o,'er, ami beet germi
nated aftor having been from twch'o to twenty-one 
hours in the stomachs of different birds of llrey; and 
two seeds of beet grew after lun-iug bciJu thus retained 
for two days and fourteen houTS. Fresh·water fish, I 
find, oat seeds of many Innd and water plants: fish are 
frequently dovoured by birds, and thus tho 80Cds might 
be trnnspOl"ted from place to pIaOf.', I forool mauy 
"kinds of seeds into the swmachs of dead fish, aud then 
gavo thoir bodies to fishing-eagles, storks, and pclico.ns; 
these bird ... after an interyal of many hours, either re
jected the socda in pellets or passed them in their oxcre-
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ment; and &c.eral of thC90 IICCds retained the power 
of germination. Certain seeds. bowever, were alll'aY8 
killed by this process. 

Locusts are somotimes blown to great distances from 
the land; I myself cnught ono 370 miles from tho coast 
of Africn, and have heard of othcrs caught at greater 
distaneee. Tho Rev. It T. Lowe informs Sir C. Lyell 
that in No"emoor lSU SWllrllll of locusts "isited the 
island of Madei~ They were in countless numbers, 
as thick as the flukes of mow in tho hea"iest SUOIVstonn, 
and cxtended upwards lUI far as could be seen with a. 
telescope. During two or three days thoy slowly 
careered round in tho air in an immenso ellilJ8C, at 
least fh'o or six miles in diameter, aud at night 
alighted on the taller trees wllieh wero completely coated 
with them. '1'hoy then disappeared Ol'er the lKla, as 
suddenly as iliey had appeared, and have not sineo 
,'isited tho island. NolV, in parts of Natal it is be
liel'cd by IIOme of the farmcrs, though on quito in· 
sufficient (widencc, that injnrious seeds are introduced 
into their grass-land in tho dung lett by the great 
nights of locusts which often visit that country. In 
conscquenco of t!Jis belief ]\[r. Wealo &Cnt me in a letter 
a !mJall packet of the dried pellets, out of which I 
cxtraeted under tho miCl'08OOpo 80veral seeds, and raised 
from them !!even grass plants, belonging to two species, 
in two genera. Henco a swann of locusts, Bueh as that 
which "isited Madeira, might rcndily be the mCllIl8 of 
introducing !!everal kinds or planta into an island lying 
far from the mainland. 

Allhough the beaks and foot of birds are generally 
clean, cMlh 80mctimee adheres to them: in one Cf\!lO I 
removed siJ.ty-one grains, and in another case twenty
two graill8 of dry argillaceous earth from ono foot of a 
l>llrtridge, nnd in the earth there WIIS a pebble lIS large 
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as the seed of a 'retch. Here is a better C1180: the leg 
of a woodcock WIlIJ sent to Ole by 8 friend, with a little 
cake of dry earth attached to the shank, l1'eighing only 
nine grnins; and this contained a flOOd of the toad-rush 
(JUllCUS bufonius) wbich germinated alld flowered. :MallY 
fnets could be given ahowing J)OW the llOiI is almost 
f'vcrywhere charged with seeds. l!~or instnnce, l)rof. 
Nc"-ton flCnt me the leg of a red-legged partridge (Cae
oobis mfa) wh ich had been wounded and could not fly, 
with a hall of hard earth adhering to it, and weighing 
si.x and" half ounces. The eartll had been kept for 
throo yCflnl, but when broken, watered lind 1)laced under 
a bell glass. no less than 82 pl/Ulu spnmg from it: 
th(.'f16 oonsisted of 12 monocotyledons, including the 
colUmon oot, and at least one kind of gnuJ.<l. and of 70 
dicotyledons, which consisted, judging from the young 
lea\·cs, of at least three distinct s~ies. With such 
facta beforo us, ca.n we donbt that tho many birds which 
aro RnUUA.lIy blown by gales across great SI~8 of ocean, 
nnd which annually migrato---for instanCi', tho millions 
of quails across tho MeditermnQan-must occasionally 
transport a fow seed8 embedded in dirt adhering 10 
their feet or beaks? But I shall ha,·o to recur to this 
subject. 

As icebergs are known to be 8Qmetim(>8 loaded with 
oorth and 810nes, and h8\·o oven carried bruslnmod, 
banee, and tho !lest of a. land-bird, it can hnnlly be 
doubted that they must occasionally, lUI suggested by 
Lyell, have transported seeds from one part to another 
of the arctic and antarctic regions; alld during the 
Glacinl period from one part of tho !lOW temperate 
regions to another. In tho Azores, from tho largo 
!lumber of planta common to Europe, in comparison 
with tho species in the other islands of the Atlantic, 
which stand nearer to the mainlnnd, and (11.8 remarked 
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by lIr. IT. C. Watson) from their somewhat northern 
character in comparison with the latitude, I suspected 
that thC1iO islands had been partly stocked by ice-borne 
ROOds, during the Glacial cpoch. At my request Sir 
C. Lyell wrote to M. Hartung to inquire willltJlcr he 
had observed ermtic boulders on these islands, and he 
answered thnt be bad found largo fmgments of grollite 
and other rocks, which do not occur in the archipelago. 
lienee 11'0 maysnfely infer thnt icebergs formerly landed 
their rocky burthens on tbe shores of tbcso mid-ocean 
islands, aud it is at least possible tlmt thoy may ha"o 
brought thither the &eeds of northern plant&. 

Qmsidering that these BCTeral means of transport, 
and that other means, which without doubt remain to 
be discovenxl, have been in action yenr after year, 
for tens of thousands of yctU'S, it would I think be a 
JIlnrvcllOU8 fact if many plantB lind !lot tlma become 
widely tmnsported. 'l'hl'SC mealls of transport are some
timca called accidental, but this is not strictly correct; 
the current8 of the sea are notnccidental,nor is the 
direction of prevalent gales of wind. It should be ob
sen'ed that scarcely any me:lll8 of transport would can:" 
~s for "ery great distances: for aeeds do not retain 
their vitality wilen e,;posed for a great length of time 
to the action of aen-water; nor could they be long 
eamed ill tile crops Or iutcstinC'S of binls, '1'he86 mealil!, 
hOW6\'Cr, would 8uffico for occasional trausport across 
tmeta of sea somo hundred miles in breadth, or from 
island to island, or from a continent to 0. neighbouring 
island, but not from one distant continent to another, 
1'ho florns of distant continents would not by such 
means becomo mingled; but would remain as distinct 
as thoy now arc. Tho onrrcllLo, from their course, 
would 116\'cr bring seOOa: from Korth America to Britain, 
though thoy might and do bring seeds from tho West 
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Indies to our western shores, wliero, if not killed by 
their very long immersion in salt water, they conld 
not enduro our climate. Almost every year, one or 
two land·birds are blowD across dlo whole Atlantic 
Ocean, from North Ameriea to tho western sliores ot 
Ireland and England; bnt seeds conld be transported 
by tliese raro wanderen only by ono· means. namely. by 
dirt adhering to their feet or beaks, which is in itself 
a rare accident. Even in this case, how small the 
chance would be of a seed falling on favourablo .IIOiI, 
and coming to maturity! But it wouM be a great error 
to argue that because a well-stocked island, like Great 
Uritain, has not, as far as is kno~11 (and it would be 
yery difficult to provo this), received witllin tho Ill.q' 
few centuries, through occasional meuru of transport, 
inunignmts from Europe or any other continent, that 
a poorly-stocked island, though standing more remote 
from the mainland. would not receive colonists by 
similar meRns- Out of a hundred seeds or animals 
transporte<i to an island, e\·en if tar less well-stoc-ked 
than Britain, perhape not more than one would be 80 

well Htted to its new home. as to booome natumiised. 
But this, as it IJOCms to me, is no valid argument 
against wlmt would be effected by occasional meallS of 
tronsport, during tho long lapse of geological time, 
whilst tlio uland wall being upheaved, and before it 
had becomo fully stocked with inlu\bit.tluts. 011 almost 
bare land, with few or no destructh'e insects or birds 
living there, nearly every seed whic.h clmnced to arrive, 
if fitted for tho climate, would germinate and snrvi\'e. 

Duperltll during tM GlacUtl Period. 

'rhe identity of many I)lants and animals, on moun· 
taiu..wwmits, separated from each other by hundreds 
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of lllilCII of lowlands,. where Alpino species could not 
possiblyelist, is ono of the m()8t striking cases known 
of Iho 8Clmo species living at di.;;tant points, without the 
apparent possibility of their lun-ing migmted from one 
point to the other. It is indeed a remarkable fact 
to sec 80 many ph"Ults of tho snmo species living on 
tho snowy regions of tho Alps or Pyrencell, and in tho 
extremo northern parts of Europe; but it is flit moro 
remarkable, tlLat the plants on tho "'hito Mountnins, 
in tho United States of Amerien, are all tho sarno with 
thOBO of Lo.bmdor, and nearly all the same, 83 we llear 
from Asa Gray, with those on tho loftiest mountains 
of Eurol'c. Even n.s long ago fI5 17-17,8ucll facts led 
Gmelin to conclude that tho wmo Bpocica must. have 
been independently Cleated at severol distinct points ; 
and we might have remained ill this I!fImo belief, had not 
Agn&;;i;-; aud otheJ'8 called vivid attention to tho Glacial 
period, which, n.s we shall immediately Bee, affords a. 
simp10 explunation of these f8('ts. Wo ]la\'e evidence 
ofahnoBt c"cryoonceivable kiud, orgnuio alld inorganic, 
tbat., within a very recent geological period, control 
Europe and North America 81lfl'ered under an arctic 
climate. The ruins of a hollSO burnt by fire do not 
tell tlleir tale more plainly tilan do the mountains of 
Scotland and Wales, witb their scored flanks, polished 
8urfaces, and perched boulders. of the icy stn.'ftlD.S with 
which their "alleys were lately filled. So greatly has 
tho climate of Europe ehangod, that ill Northern I taly, 
gigantio momines, left by old glaciers, nrc now clothed 
by tho vine and maize. 'rhrollghollt f\ largo part of the 
United States, erratic boulders and scored rocks plninly 
reveal a former cold period. 

Tho former influcnce of the glacial climate on the 
distribution of the inhabitants of Europe, 118 explained by 
Echvard l'orbcs, is substantially 113 follClra. But we shall 
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follow the changes more readily, by auppoEIing a now 
g lacial period slowly to come on, find tben J)M8 a .... ay, as 
foml(~_rly occurred. As the cold came 011, and 63 each 
more southern zone became fitted for the inhabitants of 
the north, they would take tllo pInceR of tho former iuha
bitallUl of tho temperate regions. The latter, at the sarno 
time, would iflwcl furtber and further southward, unless 
thoy were stopped by harriers, ill whicl\ Cil8C thoy would 
perish. Tho mountains would become oo\·crod \lith 
suowand icc, and their fonner Alpino inhabitants would 
dCIICCml to tho plains. By the timo tbat tho cold had 
reached il. mu: imum, we should ha\-o an arctic (anna 
and flom, covering the centrol perts of Europe, as far 
BOuth as the Alps and Pyrenees, nnd even stretching 
into Spain. The now tcmperote regiOIlS of tho United 
Statca would likewise be co"crcd by arctic plants fLnd 
animals, and thl!Se would be nearly the snille with those 
of }~ut'ope; for the present circumpolar iullll.bitrults, 
which we 8uPl108C to ha\'e everywhere lro"clled south
wa.m, are rcmarkahly unifonn ronnd tho world. 

AI tho warmth returned, tho arctic forms would re
trent northward, closely followed UI) in thcir retreat by 
tlu, productions of the more tellll)Crote regions- And 
as the snow melted from the bases of tho mOllnt.o.ins, 
the arctic forms would seize on the cloored and thawed 
ground, nJwa)'s aacenwng. as tho W&nIltb increl\8l!d BDd 
tho SliOW still further disappeared. higller and higher, 
whilst their brethren were pursuing their northern 
journey. lienee. when the wClrmth lilld fully returned, 
the snllle species, which had lntely lircd together in a 
body on tho Europeall and Korth Amcricau lowlands, 
would again be found in the arctic region.s of the Old 
aod New Worlds, and on mallY isolutcd lIlountnin
summits far distant from cach other. 

Thus we can understand the identity of many plants 
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at poinUl fie) immense1y remote as on tho mountains of 
tho United States and of Europ!'. We CtlD tbUll also 
ullderstand the fact that tile Alpine plants of C1Ich 
mountain·runge are more especially relutcd to the arctic 
forms living duo llorth or nrorly duo north of them ; 
for tho firat migration wheu tho cold enmo on, aud tiiO 
rc·migrntion on tho returning warmth, would ~nerally 
ha\'o been duo south and north, 'i'he Alpino phmts, for 
example, of Srotland, as remarked by Mr. n, C. Watson, 
and tboee of tho PyrcnOO!>, WI remarked by Ramond, 
aro moro eapecinlly allied to tllo Illsilts of nortilern 
ScalldiuM'iai those of tho United States to Labrador; 
thoee of the mountains of Siberia to tho arctic regions 
of tlllit coulltry. These ,-iells, grounded as they are on 
tho perfectly well·ascertained occurrence of a former 
Glacial period, seem to mo to explnin in so !atimactory 
a mapner the llresent distribution of tho AIllino and 
Aretic produetions of Europe amI America, that when 
in othor regions we find tho AAmo species ou distant 
1II0untaill-8Ulllmits, we may almO!it conclude, without 
other cvidcnce, th:lt a colder climate formerly permitted 
their migration acI'06iJ tho intervening lowlands, now 
become too wann for their cxistence. 

A. the arctic forms moved firat 80uthwanl and 
afterwards bockwanls to the north, ill unison with the 
changing climate, they will not hayc been exposed 
duri!lg thcir long migrations to any great difersity of 
temperature; and as they all migrated in a body to
gether, their mlltual relations will !lot haYc boon much 
disturbed. Hence, in accordanoo with the principles 
inculOilted ill this ,-olllmo, theso form. will not havo 
been liablo to much modification, But with the Alpine 
llroduclions, left i!lOlated from tho momellt of tho re
turning warmth, first at tho bases and ultimately on 
tho .uwruit8 or the mountairu, the case will ha\'e been 
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8Omcwhatdiffercnt; for it is not likely that all tho 88me 
arctic species Ifill ha:l"o been left on mountain·mnges 
for distant from each other, amI hal'O 8unh'ed there 
ever aiDeo; they will, also, in all probability, 111"-0 be
come mingled with ancient Alpine "pecica, which must 
have existed on the mountains before the commence
mont or the Olacial epoch, and whiel. during ita coldest 
period will havo been tcmporu.rily driven down to tho 
Illnin!; tllor will, also, hin'O been exposed to somewhat 
different cl imntal influences. Their mutual relations will 
thll.8 have been in IIOme degroo dillturbed; oonACqucllt1y 
they will have been liable to modillentioll; and this we 
filld has been tho case; for if we oompare tho present 
AlpillCll'ianta and animalsof the 5el'era.! grcatEuropean 
mountain.mnges ono with another, though many of the 
'!"peciCf!l remain identically tIm anme, 80[110 eJ:is~ as .a. 
rietics, some IlS doubtful forms or l!Ub-epeciCfl, and lOme 
as certainly distinct ~'et closely allied species repre
senting each other on the se\'crnl ranges. 

In tho foregoing illustration I hlwo I18SUlllOO that at 
tho collllllenccnu:mt of our imag1l1Rry Glaeial period, 
the arctic productions were as uniform round the )Xllar 
regions as they are at the present (lay. But it is ncce&
sory a11lo to indnde mallY Bub-arctic and some few 
temperate tonos, for some of these are tbo sume on the 
lower mountflin-1l10pes and on the plaill!! of North 
,America nnel Europe; and it may be IUlkcd how I 
t1CCOllnt for this degree or uuirormity in the sub-arctic 
and tempemte tonus round the world, at the commence
ment of the renl Glneial period. At tho pl'()SCnt day. 
the sub-arctic and northern tempemte productic.ns of 
tlw Old Rnd New Worlds al'O 8el'nmtccl from each other 
by tho whole At\M1tie Ocean ami by the northeM[ pnrt 
of the Pl1l'ific. During: the Glacial period, when the 
inhabitants of the Old and Ncw Worlda li\'(~i farther 
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southwards than they do at pl'e&ellt, they must. ha"e 
beeD still more comilletely BCp8rntcd from each othel' 
by lI'ider spaces of ocean; so that it may well be W!ked 
how the same species could hanl entered the two con" 
tinents then 80 widcly separated. The explanation, I 
belie\'e, lie! in the nature of the climate before the 
commencemcnt of the Glacial period. At this, 1110 newer 
Pliocene period, thn lIlajority of tho inll8bitant!l of tho 
worhl wcre epccifically the same as noll', and \\'0 hare 
good reasou to belie"o that 1110 climate Wag wanncr 
than at the Pn!8Cllt day. Hence we may SUPI)()86 that 
tho organisms which noll' li,'o under latitude 00", li'l'oo 
during the Pliocene period farther north under tho 
Polar Circle, in la.titude 66"-67'; and that the present 
ar~tic productioll8 then lived on the broken land still 
lloorer to tho pole. Now, if wo look at n terrestrial 
globe, \\'0 8CO under the Polar Circle that there is almOlit 
continUOIl8 land from western Europe, through Siberia, 
to eastenl America. And this continuity of tho circuUl' 
1}OIar land, with the consequent freedom under n more 
(,,,"ourabl/) climato for intermigration, will account for 
the SUllpoacd uniformityofthe sub-arctic ulld temperato 
productioil8 of tho Old and ~'ew Worlds, at a period 
anterior to tllo Glacial epcx:ll. 

Believing, from reasons before alluded 10, that our 
conlineuts IUl';'6 long remained in nearly the IIIlmo 
rclnth'e position, tbough subjected to large, but pnrtiul 
oscillations of level, I am strongly inclined to extend 
tbo above ,·jew, and to infer that during some still 
earlier and still warmer period, such as tho older Illio
celIO period, a. largo number of the S(UIIO Illana nnd 
animals inllll.bited the almost continuous cireulllpolul' 
land; and tbnt these plants and animals, both ill the 
Old and New Worlds, began slowly to migrato south
wards as the climate became less warm, long before the 
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commencement of the Glacial period. Wo now 800,!18 
I beliove, their dcscendant.:;, mostly ill" modified con
dition, in the central parts or Europo and the United 
States. On thjg view we can uliderstand tho relation
ship, with rery little identity, bet""oon the productions 
of North America and Europe,-n relntionsiJip which is 
highly remarkable, considering the distance of the two 
arens, aud their separation by tho whole Atlantic Ocean. 
Wo can further understand the singular fact remarked 
011 by scveral obeen'ers, that the productions of Europe 
and Amerim during the later tertiary 8t.n.goa were more 
closely related to each other than they are at the IJm
sent time; for dnring theso wnnuer perioda tho northern 
pnrts of the Old and New Worlds will have been almost 
continuously united by land, aerl·ing lUI a bridge, sinee 
rendered irnptulllllble by cold, for the intermigration of 
their inhabitallts. 

During the slowly decre!l8illg warmth of the Pliocene 
period, lUI BOOIl IlS tho specics ill common, which inha
biU!d tIlO New aud Old Worlds, migrated !IOuth of the 
Polar Circle, they would bo cornlliewly cut off from 
each other. 'l'hi!! separation, as far Il!J tllO more tem
perato produetiou!! are concerned, must haro taken 
pineo long ages a.,,'"'O. As the plants and animali:l mi
grated 8Ontilward, they would become mingled in the 
one great region with the native Am(!rieall productions, 
and would have had to compete \ViOl them; and in the 
oth(!r great region, with those of tho Old World. Con
sequently we III\\"e here ererything favourable for much 
modifieation,-for fa.r more modification tha.n with the 
Alpine productions, left isolated, within a much moro 
recent period, on the scI'erol mountain-rouges and on 
the arctic lauds of Europe and N . ..lm(!riea. Hence it 
11!18 come, that when w(! eompnTO the now living pro
ductioWi of the tempernte regions of the New and Old 
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Worlds, we find yery few identical speciefl (though .Asn 
Gray has latdy shol'ln tbat more plallts &ro identical 
dum W!\S fonnerly "Ullposed), but we lind in c\'ery great 
c1a88 many forUlll, I'Ihich some natumli,;U!: mnk a~ goo
graphiral race,., and others 11.8 di..;tillct species; aud a 
host of elOt!ely allied or rcpresentatil'o forms which are 
ranked by allllaturali~ts us specifiClilly distinct . 

.As 011 the laud, flO ill tho waters of tho 800, II. slow 
90uthem migration of II. marine fnunll, which, during 
tho l'Jioocme or nen II. somewhat eftrlier period, was 
nearly uniform along tho continuous shortil of the rolar 
Cirele. will f\CCOuut, on the theory of modification, for 
many clo..ely alli~'{), forms now Ih'ing in marine areas 
comIlle'tely 8undered, 'l'hus, I think, lie call understand 
the pres.·nce of BOrne still existing and of soUle tertiary 
closely allied fonus on tbe eastern and westenl shores 
of temperate "North America; and the still more striking 
fact of many closely allied cnl~ta(:enns (as described ill 
Dana's admirable work), of somo fish and other manne 
animals, in tho Mediterraneau and in tile seas of Japan, 
-these tllO arens being now completely separated by 
the breadth of a 11 hole continent and by a wide space 
of ocean. 

'l'heao cases of elOllO reLnionship in sl)OCiee either DOli' 

or fonnerly inllabiting the seas Oil UIO oosterll and 
western shores of Xorth America, the Mediterranean 
ami Japan, aOil the temperate lands of North America 
and £nrojK', are inexplicable 011 the thoory of creation. 
' Ve canootlllaintaill that snch specieslla\'o been created 
"like, in oom.'~llOnrlcllce lIith the nearly silnilur Ilbysical 
cOllditionsofthearea.s; for if wo compnro, for instance, 
certa.in 1l&rt8 of South America with pal'ts of South 
Afri<:a or Austrnliu, we see countries closely similar in 
all their physical conditions, but with inhabita.nts utterly 
dissimilar. 
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~ternat" Glacial Period. of the Norlh and South. 

But we must return to our more immediate 8ubject. 
I am oon\'inCt'd that Forbes'8 "jew may be largely ex
tended. In Europe we meet with tbo l)lawCllt e"idence 
of tlie Gitlcial period, from the western shores of Britain 
to the Dural range, and I!Otlthwnrd to the Pyrenees. 
We Dlay infer from the frozen mammals and nature 
of the mouutain "egctation, that Siberia. wns similarly 
affected. In the Lebanon. aooordiug to Dr. Ilooker, 
perpetual 8now fonnerly covered the central a.xiB, and 
fed glaciers which rolIed 4000 foet dowu its yalleys. 
Along the Himalaya. nt l)Oillts 900 miles apart. glaciers 
hayc lcft the marks of their former low descent; and 
in Sikkim, Dr. Hooker BlLW mair.o growing on gigRntic 
ancient lUoraines, Southward of the Asiatic continent, 
on the opposite side of the equntor, we now know, from 
tlle excellent researches of Dr. J,lIaast aud Dr. Hector, 
that immellBC glaciers formerly descended to a low level 
in New Zealand; o.nd the same plants found by Dr, 
R ooker on widely separoted mountains ill this island 
tell the same story of a former cold period. From facts 
communicated to me by the HC\'. W. n. Qlarke, it 
appoors al!j(l that thero arc traces of fonner glacial 
action on tho mountain8 of the 8Outh-castern corner of 
Anstralia. 

Looking to Amerieo.; in tho northern half, ieo.borne 
fmgment.:l of rook 111""0 been ob8en'oo on the eastern 
side of the continent, I'Ll far BOuth as lat. 30"-37", and on 
the shorc& of the Pacific, where the climate is now 80 
different, tl8 far 80uth as lat. 400. Erratic boulders 
Imve. nlilO, been noticed on tho.Rocky Mountains. In 
the Cordillem of South America, llearly uuder the 
equator, glaciers once extended far below their Ilrer;ellt 
level. In Centrol Chile I cxamincU a vast mound of 
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detritus with great boulders, CI'06Sing the Portillo YRlIey, 
whieh there can hanlly be a doubt onoo formed a hugo 
moraine; and )Jr. D. Forbes inCorme me thnt he found 
in various parts of the Cordillera, from lat. I s<' to 300 S .• 
nt uoout the height of 12,000 feet, dooply-furrowed 
rociuJ, rcsemLlmg those with whieh he \I'M familiar in 
Norll'uy, aud likewise great mMIICS of detritus, including 
grocwed pebbles. Along this whole 8fJ1lCO of tho Cor
dillera. tnw glaciers do not nowexisteveu at much more 
col\:;idenlule Ileig:hts. Farther 8OUOI 011 both sides of 
the ClOntim'nt, from lat. -110 to the 8OutheMllD08t 
extremity, wo haye the cleare.;t ovidence of former 
glacial action, ill numerous immeu!16 bouJders trans
ported far from their parent source. 

}~rom these several faw, lIaulely from the glacial 
action having extended all round the northern and 
BOuOlcrn hemispheres-from the period having been in 
a geological BCnse recent in both hemiepllefC8-from its 
lllll'ing lasted in both during 0. great leugtll of time, 
88 may be infCTJ'(,'d from the amount of work efft.'eted
(lnd lastly frow glaciers ha"ing recently deeccndcd to a 
low IC"cl along the whole lino of tile Con1illcra, it 
formerly appeared to me thnt W6 could not a"oid the 
oonriusiun that the temperature of the whole world had 
been simultanooWlly lowered during tho GlaciallJCriod. 
But now ~[r. Croll, in a scries of admirablo memoirs, haa 
IIttemllted to 1111011' that a glacial ooudition of climate 
is the n'/mh of mrious physical causes, brought into 
ol)(:ratiol\ by an increase ill tiLe excclltricity of the 
earth'lI orbit. All these cauSClI tend towame the BaIllO 

end; but the most powerful appears to be the influcnco 
of the el:ccntricity of tho orbit upou OOOR.l1ic currents. 
It fol1ol\s from Mr. Croll's rescarches, that cold periods 
regularly recur c\,(:ry ten or fifteen thoU8(lnd years; 
Lut that at much longer inten'ais the cold. owing to 
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certain contingenciCll, is extf'Cmely &Overe. and lasts for 
a great length of time. l lr. Croll belial'os that lh& 
lnst great Glacial period occurred about 240.000 years 
ago, nlld endured with slight alteratioull of climato for 
about 100,000 years. With respect to more ancient 
GlaciallK!:riods, 8C\'ernl geologilltll are cou\inced from 
direct (l\'idence that such occun:OO during tho ~[jo

ceDO and Eocene formations, 110t to mention ~till more 
ancient formationll. But in relation to our present 
subject., the n10st important result arrived at by lLr. Croll 
is, thM lI'hcne"er the northenl hemisphere passes Ihrouglt 
a cold lK!:riod, tho temperature of the southem hemi
sphere is actually raised, with the winters renderoll much 
milder. chiefly through changes in the direction of the 
occalloCurrcllts. So ronverscly it is with tile nortlleru 
hemisphere, when tllo southern pa.sse8 through a glacial 
period. 'fhese oonclU!iODS have, fI.8 we shall imme
diately 8Ct', a m08t important bearing Oil geographical 
distribution j hut. I \\ill first gi,'o tho facta, which 
demand an explanation. 

In South Americu, Dr. Hooker has shown that besides 
many c1011Cly allied sp6Cics, betwccn forty Ilnd fifty of the 
flowe ring plants of T ierra de l liut'go, forming 110 inron
sideroble part of its 8CIl.nty flora, are roDlmon to North 
America and Europe, enormoUllly remote as these IlrellB 
in opposite homisphel'Cll aro fronl each other. On tho 
lofty mountains of cqulltorifil America II. llost of pecu
liar 8poo.ies belonging to European geuem occur. On 
the Organ mountains of Brazil, IIOme few temperate 
European, some Antarctic, and IIOme Andean geuera 
were found by Gnrdner, which do not oxist in tllo low 
intervening hot countries. On tho Silla of Caraccas 
tho illU!trious Humboldt long ago found species belong
ing to genera c1IClracteristic of tho Cordillera. 

In Afriea, scyoral forms eharocteri8tio of Europo and 

© The Comclete Work of Charles Darwm Orb 



IN THE NORTU AND SOUTll. 453 

iKlmc few ft'IJn.'tIentatin·!I of tho flora of the Cape of 
Good lIope occur on the mountains of AbpMioia. At 
Ihe Capo of Good ilope a very few Europeall gpecies, 
bclien!<l oot to have been introduced by mall, and on 
the moun1..ailll 8C\·eral representati\·e Europc!an {orma 
are fouod, \\hich have IIOt been discovered in the inter
tropical pRrt. of Africa. Dr. Hooker ILIIs also lately 
showll that IilCveral of the IJlants livillg 011 the upper 
parts of the lofty ialand of }~erJlando 1'0 and on the 
neighbouring CalDeroon mountain., in the Gulf of 
Guinea, are cloeeh' related to thOllC on the mountains 
of AhY88iDia, and iikewisc to those of tempel1l1e Europe. 
It n01f abo aIJpeatl', as 1 hear from Dr. Hooker, lilat 
IIOmo of the.Kl I18lDe temperato plants have been dis
co\·ered bytbe lIeI'. R T. Lowe on tho mOI.IUtainll of Ihe 
Co.pe de Verdo islands. This extension of the I18me 
tem):I('Tato fomls, almost under the equator, acl'OIIS the 
wllolo contiuent of Africa and to tho mountains of the 
Cape do V<!rdo nrcilipelago, is one of tho Ul08t natonish. 
ing {arts ovcr recorded in the distribution of plants. 

011 tho Jlimalaya, and on tllO isolntcd mountain. 
fnllSE'* of tho penin.sula of India, on the hcights of 
Ceylon, aud on the \"olc.anie cones of Jaya, mauy IJlauta 
O("f'Ur, eitllcr idcntically the Bame or representing each 
oth'·r, and at the SlIme time rcpreecnting Illnnts of 
Europe', 1I0t fouud in the inton-elling hot lowlands. A 
Ibt of the gencm of Jllants collected 01\ tbe loftier pew 
of Jam rni.;.·~ a IJicture of a colleetion lIIado on a 
hillock in Europe! Still more striking is the fact that 
peculiar southem Australiau furms are rCllfCSClltcd by 
certain 111ants growing Oil the sllll1mit.;; of the mountains 
of Borneo. &mo of these Allstrnlillll forma, as 1 hcar 
from lit. Hooker, ('Xlcud aloug the hcights of the 
l"lellillsula of 3.falw-ea, and are thinly 8C&.ttcrod 011 the 
olle hand orer India, alld Oil the other hand aa fnr north 
as Japan. 
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On the lJOnthern mountaius of Australia, Dr. F. 
i'Iliiller has di8co'l"cred se'l"crnl European species; other 
specirs. not introduced by man, occnr on the lowlands; 
Rnd R long list can be given, tLS I am informed by Dr. 
Hooker, of European genera, fonnd in Australia, bnt 
lIot in the intenuediate torrid regiolls. In tIle ndmirablo 
'Introduction to the Flora of New Zealand: by Dr. 
Hooker, analog-olls Ilnd striking fnets aregi,'en in reganl 
to the plllJlts of that largo island. Bence we 800 that 
e()rtain plllilts growing on the moro lofty mountains of 
tJle tropics ill 1111 parts of tile world, nud on tJH~ tem
perate plnil\sof tbe Ilortll and !lOuth, aro either the sarno 
identical species or varieties of Ule 81'11110 species. It 
should, however, be obscr'l"ed that thCfle plants lire not 
strictly Arctio forms; for, 88 :Mr. ll. C. Wat80n has 
remarked, "in receding from polar towards equatorial 
latitudes. the Alpine or mountain floras really becomo 
lcsallnd less Arctic." Besides thCllO identicnl rllld closely 
nllic.l forme, milIly epecies inlll\biting tho snllle widely 
sundered 1lretU!, beleng to genern 1I0t now fouud ill the 
intennodiato tropical lowlands. 

'l'h(:so brief remarks apply to IlJants nlone; but BOIllO 
fow analogous facts could be ghen in rcgnrd to ter
restrial animala. In marino productions, similar cases 
likewi:lO occurj 88 an example, I mnyquoto a statement 
by tbe highest authority, l>rof. Dnnn, that "it is cer
tainly 11 wonderful fact that )/"ew Zealand ehould ha"e 
a c10eer I'C8Cm blnnce in its crustacea to Great :Britain,. 
its antipod<" than to any other part oC tho world." Sir 
J. Uichnrd9011, also, speaks of tho reappcamnce on the 
shores of New Zerufll'd, 'ra:;mnnia, &c., of uortllCru 
fornla of fish. Dr. Booker informs me that twenty-five 
species of AJgro are common to New l'.cfilalld and to 
J::uropc, but have not been foum! ill tho intermediate 
tropiealacas. 
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:from the foregoing facts, namely tho presence of 
temperate forml on the highlandl &Cr088 the whole 
of Cf'jUlltorial Africa, and along the Peninsula of India 
to Ceylon and the Malay archipelago. nud if I n less 
w('ll ·mark ... .J manner across the wido expanse of tropical 
South Americ3, i~ lI)lllears almost cerlain that lit some 
fOrDl('r period, no doubt dnrillg tho most 8CVCro part of 
tho Glacial pcriod, the lowlands of tl1880 grC:at continents 
were e"cr)'\lhcro tenauted uudor the (!(Junior by 0. con· 
sillerablo numhcr of tempemte forms. At this period 
the equatorial l'iimate at the le"el of the sen WM lltO
OObly ahont Lhe 8I1me with that now cxperienord at the 
I~ight of from fh'e to.six thou8llnd feet und..,r the same 
latitudCl\ or perhaps even mther cooler, During this, 
the ooldl'lIt period, the lowlandSllnder the !'quater must. 
hll'-e hccn l'iothed with a mingled tropil"fll and tell1-
pernto vegetation, like that described by Hooker as 
gro"ing luxuriantly at the height of from four to 11\'0 
thousand fcct on tho lower slopes of the liimnlayn, but 
\l ith perhaps n atill grenter prepondcranee of temperute 
fomls, So again, on the mountainous island of }'ernando 
Po. in tho Gulf of Guinea, iUT, lIrann found tewpernto 
European (onna beginning 10 appear fit tho height of 
about fi\'c thousalld fcct, 011 tho mountnins of !'unuma, 
at tile height of only two thousand feel, Dr, Seemanu 
found the ,'eg(>tlltion like dlut or :Uexieo, "\1"ith forms 
of the torri.l zouo harDloniollSiy bi(>ll<ied with those of 
thetemJX'mte," 

NOll let us 8CO whetll<:r :Mr, Croll's conl'iusion tbat 
when the north(>rn hemisphero sufliJred from tho ex
tremo cold of tllo great Glacial period, tho southern 
hemisphere wa.~ actually waml<:r, throwd auy clear light 
on tho prer;eut apparently inexpliCllble di~trilmtion of 
YBrions organi~ms in the tempemlo parU! of both 11cmi· 
sphcres, flUd 011 mouutains of the tropiCfl, 'fho Glacial 
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period, lUI mcasured by yoors, lnust han' been "ery 
long; lind when 11'0 remember over what \'lUIt Bj)l\CeS IIOme 
nnturaJised plauts and Ullimais have spread within Ii 

few centuries, this period will lIMe been nmille for auy 
amount of migration. As the cold became more nnd 
more inten~, we know that Aretic fonns iJlvaded the 
temperate regiolls i and, from the facte just given, tllere 
('au hardly be a doubt that some of the more "igorous, 
dominant, and widcst.sprending temperate forllls sctunlly 
then in,-adClI the equatoriallowlsnds. The iul14hitallte 
of thC8e lowlsndswould at the Mme time migrate to the 
tropical and lIub-trollical regions of the lIOud!, for the 
lOuthern hemisphere WfI.S nt this period warmer. 011 

the dooline of the Glncial period, 0Jj botll hemis:pheres 
gradually l'eCO\'cred their fonner temperatures, tllc 
northern temperate forms lh'ing Oil the lowlands under 
the equator, would be dri"cn to dleir fornler homes or 
be destroyed, being replaced by the equatorial fonns 
returning from tIle !IOuth. Kome, however, of the 
northern tempernte fOfmswould nlmostc eMainly l1.8Celld 
any ndjoilling higll land, where, if sufficiently lofty, they 
would long sun'i,'c,like the Arctic fenns onthe mountains 
of Europe. 'rhey might sun-ire, cn'n if the climate 
was not perfectly filted (Of th~m, for thc ~hange of tern
pcrutU1"6 must h",'o been "cry slow, and plante 11ll

doubtedly 1>OMeIIIl a ccrtain cnpncity for aC()limntisn· 
tion, as shown by their transmitting to their offspring 
different constitutional powers of resisting heat and 
cold. 

In the regular course of c'-enla the southern hemi· 
IIphere would be subjected to a sovcre Glacial l)Criod, 
wi th the northorn hell1isph~re rendered warmer; and 
then the southern temperate forms 1I0uid in their turn 
inl'nde the cqulltorial lowlands. The northern forms 
which had before been left on the mountains \\ould now 
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<lerwend IUld mingle widl tho southern (orms. These 
latter, when thf' warmth returned, would return to their 
fonner hOllle~, ielH'ing some few "pccieson tho moulltains, 
aud l'tlrrying southl'l'aro with them BOllIoof tho northern 
temperate (onns which had dC!lCCllded (rom their 
mountain fastuf'SllC8,. 'rhus, wo should hln-e sollie few 
1Ipecica identically tho samc ill the northern iLlld southern 
temperate lOnes lind on the moulltllins or tho illti'rme
tlillte tropical regions. But tho speeiCil left during a 
long time on these mouutains or iu opposi te hemi
I!pheref!, would 00"0 to compete with many nell' fonns 
anti vrou\cl be exposed to BOmewlmt different physical 
conditions j hence they would be eminently liable to 
modification, and wouM generally now exist as varieties 
or ILl repre.!Cntatire species; and thill is the casco We 
mu~t, also, bear in mind the occurrence in both hemi
spherea of former G1ncial periods j for th08C will account, 
in accordance with tho same Ilriuc.iples, for tho many 
quite di~tillet species inhabiting tho SClIllO lIidc1y scpa
rntro Areas. anrl belonging to genera not llOW found in 
thl'l intermediate torrid r.oncs. 

It ill a remnrkable (act, strongly insisted on by 
Hook~'r in regan! to America, and by Alilh. do Candollo 
in regnrd to Australin, that lUauy more identical or 11011' 
slightly 1ll0difiM Hpecics 00"0 migmted from the lIorth 
to til(' south, than in a re,'crsOO. direction. We see, 
}Io\\,(:\'(:r, a ft,11' southern furms on the mouutllius of 
nonlCQ and Ab~·88ini(\. J suspect thllt this llrepon
d~'mnt mig-mtion from the north 10 tho 80uth is duo 
to tho grt=alcr extent of lnnd in tile north, nnd to 
the Ilorth('rn forms having existed ill their own homes 
in g-rcnkr numbers, and hnling collscquently been tld
'"tlneed through untnrol sek'Ction Ilnd competition to n 
highcr Btllgo of perfection, or (\omilllliing PO"W, than 
the 8OIIth('rll fOmls. And thus, when the two sets be-
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Cluno commingled in the equatorial regions, during tlie 
nlternationlof tile Ghlcial periods, the northern forms 
wcro the more powerful and wcre able to hoM tlicir 
}llace8 011 the mountains, anrl IIflerwnrds to migmte 
solllhward with the soutliern forms; but not so tho 
southen! in regard. to the northern forms. In tho 
SAIlIO nHllllH,'r wo see at tho present day, that very 
!nany European productions coI'er tho ground in La. 
Plata, New Zealand, and to !l lesser degreo in Aus
tralio,ll.lld IUl.\'e Ucatcnthcnutil'es; wl!erensextrcmclv 
fow aoutilern fonns have become IIntumliscd in any 
p.'lrt of tho northern hemisphere, though hidet', wool, 
anti other ot~ects likely to carry sceds ha'\"c been 
largely imported into Europe during the Inst two or 
three centuries from La Plaia, an.1 durillg the last thirty 
or forty years from .'.\ustralia. 'I'ho XeilglH.'rrio moun
tains in India, however. offer a partial exceptioll; for 
here. lUI I bear from Dr. Hooker, Australian forms are 
rapidly soIling themselves and becoming Ilaturnliscd. 
llcforo tho Inst great Glacial period, liO doubt tim 
illt.crtropical monlltains wero stockNi with elldemic 
AllJino forms; bntthese have alm08t everywhere yielded 
10 tho more dominant forms, gen{·rnh.oJ in the larger 
arcnil a.nd more efficient workshops of tho north. In 
many islands the native productions aM nearly equalled. 
or e\'en outnumbered, by those \\!Jieh 110'1'0 become 
Ilatumlise<i; and tbis is the first stago towards their 
e,;,tinction. Mountains arc islands on tho 1au<l, and 
their inlmbitanu haye yielded to thoee produced with
in tho larger arens of the north,just in tho same \\'a)' 
113 the inhabitants of real islanus havo overywhe.re 
yiclded and are still yielding to continental forms 1Il1tn
mlised. through man's agenc)'. 

1'ho III'LWO principles apply to tho distribution of 
terrestrial animals and of marine productions, in the 
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northern au(\ Southenl temperate :tones. and on tIlO in· 
tertropical mOlilltailll!. When duriug the height of tho 
Glacial period the occan+Currenfa were widely differellt 
to what thoy now are, some of the illhnbitnnls of the 
temperato fleas ruigh~ ha\'o reached the equator; of 
thclfO a few woul'\ perhaps at onoo be able to migrate 
sollthward, by kcepillg to the coolcr currents, whilst 
others might remain and survive in the cooler dClltlls, 
IIntil the klutllern llemisphero was in its turn subjected 
t(J n glacial clinll!.te ami pennitf.e(l of their further pro-
e:""'S; ill nearly tho samo manner as. according to 
Forlx>s, i""latcd sp.'lccs inhabited by Arctic productions 
exist to the preaeut dny in the deeper porta of tho tern
lM!nlto IICfI8. 

I am far from snpposing that all difficultics in regard 
to the distribntion and affinitics of tho identical and 
allied 8peciC!;!, which now ]il'e 80 widely aepnrnted in 
the north and south, and sometimC80n the inwrwcdinto 
mountain-ranges, nre remoycd on the views nb<we given. 
The exact lincs of migl1ltion cannot 00 indicnted. We 
cannot 8/l.y wIly oortain species nnd not olhers have 
migrated; why certain species have been modifieJ and 
II/we gi"en rillO to uew forlD!!, whilst otbcrB hRl'e re
JDained ull6ltered. We cannot hope to explain .such 
fnets, until we ron say \'I"hy one species and Ilot another 
beromC:II uRturalLsed by mau's a.,"'Cucy in a foreign laud; 
why ono lpecies ranges twice or thrioo Ill! far, aud is 
twice or thrioo as oommon, as another species "-ithin 
theirOllll homes. 

Vnriou~ special difficulties abo remain to be soh'cd; 
f0r instanoo, tho occurrence, lUI shown by Dr, Hooker, 
of tho same plants at point8 80 enonnoualy remote as 
Kerguelen Land, K ew Zenland, and I'uegia; bnt ice
bergs, 811 suggested by LyeU, may ha\'o been concenw,l 
in their di8pe~ 'fho existence, at thCliC aud other 
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distant points of the southern hemisphere, of SIM!Cies, 
whieh, tJlough distinct, belong to genera exclusively con
fined to the 8OUth, is a more remarkable case. Some 
of theiKl specie! are 80 distinct, that we tannotsupposc 
that there has been time sincotileoommencement of the 
last Glacial lleriod for thcir migration nll(l 8ubseqllent 
modifieation to the necessary degree. The filets seem 
to me to indicate that distinct species belonging to the 
SlIme gencra ha\'o migrated in radiating lines from Il 
oommon centre; Ilnd I am inelined to look ill the 
IIOllthcnl, 118 in thc northern hemisphcre, to II. foriller 
and warmer period, before the oommenoemeut of the 
Glacial period, when the A.ntarctic lands, now co,-ered 
II ith ice, supported a Ilighly JlCCuliar and i90lated flora. 
ft may he IUSpected that before this tlon~ W{l8 ertermi. 
llnted Juring tho Inst Glacial epoch, a few fOTlll8 had 
been already widely dispersed to "arious points of the 
southern hemisphere by oocnsion,,1 mcnns of transport, 
aod by tho aid, flS halting.places, of now 8unkCll islands. 
'rims tho 80uthcrn shores of AmC'rica, .\.ustralill, and 
::\'ew Zcnlnlld, might ha,-e becollle Illightly tinted by the 
Mille l«uliar forillsoflife. 

~ir C. Lyell in a striking passago 1Ul9 speculated, in 
Illngunge nhnOl!t identical with mille. on the effects of 
grent alwmntiOliS of climate throughout the world 011 
~~raphicnl distribution. And we hn\"C now seen 
that )Ir. Croll's conclu$ion tlmt succcss.h·e Ghlcial 
pcriods in tho olle hcmisllhere coincided with wamlcr 
periods ill the opposite hemisphere, together with the 
Mmiqion of tho slow modification of Bpeciel!, explnins 
n multillide of fnets in rhe distribution of the same and 
of the allied forlllS of life in nil parts of tho globe. 'J'he 
Jil'ing Ilawrs have flowed during C('rtaill periods from 
tho north and afterwards from the /lOuth, nud in both 
CMIC8 have rea~hed the equator; bllt tJIC stream of life 
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has flowod with greater force from tho north than in tho 
oppo:;ito direction, and brui consequently more freely 
iunndat(!(1 the south. As the tide ICB\'C8 ita drift in 
h(jrizontal line@, ri"ing higher on tho shon.'fl where tho 
tillo ri8('8 highest, so have the li\'ing waters left their 
liying drift on OUf mountain·summits, iu a lino gently 
ri~ing from tho Arctic low lauds ton great nltitudo nnder 
tho equator. ~rho mrious beings thus left etrlmdcd lIlny 
be oompnr(.>d with savn.,ff(J races of mnn, d.riven up and 
Hurvil-ing in th" mouutain·fastnesses of almost OYcry 
Innd, 'l\hicll S('T\-O as a record, full of interest to us, of 
tho fonner inhabitant8 of tho surrounding lowland!. 
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CliAPTEll XII. 

Gr.ooD..l.I'lIIc"'t.DJJITIIJBIJTJOx~li>llled, 

Didributlou of frcah·watcr producHOIJI_On tho inhabitantl of 
OOl'IUJic ia1.t.n<b-Abeence of lletrachiaulllnd of terreiltrial 
llammall_0n tho relation of the inhllbitlntl of il1.t.nd, to 
tl ... or lhen .... Teltmainland_Onooloul ... tlon rl'omtbenearest 
.. uree with IlJbMlqu~t modilicatioll--8ummary of the lut and 
~tebapw, 

FreM.-water P,,.oduetitnu, 

As lakes IUld riYel'-systems are 8CJlarntcd from cnch 
ollier by barriers of land, it might have beeD thought 
that fresh·water productions would not llll\'o ranged 
widely witllin tho samo oountry, und, lUI tho sea is 
appareutly u, still more formidable oonier, that they 
neWlr lI'ould ha\'e extended to distant countries. llut 
tho CIl./IO is exactly the ro\'eJ'SC, Not only hM'O many 
fresh ·water species, belonging to quito different classes, 
An enormous range, but allie<l speeiO:e )lre\'u,il in u, 
remarknblo manner throughout the world, I well re
member, when first rollccting in the fresh waters of 
Brazil, feeling much surprise at tho similarity or the 
freeh·water insect&, shells, &c., and at the dissimilarity 
of the surrounding terrestrial beings, oom)Jared. with 
thoeeofBritain, 

But tllis IKlwer in fresh·water Ilroductiolls of rnnging 
widely, though so unexpected, cun, 1 thillk, in most 
casca be explninoo by their llavillg become fitted, iu 
R mallner highly useful to them, for short and fre
quent migmtiolls from pond to lKlud, or from stream 
to stream; aud liability to wide dispersal would follow 
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from this OOI18cit.y as an almost llOOC8SOry colUlequencc. 
"'8 can hero consider ollly a few cases. In regard to 
Ibll, I beliel'e that the same speciCil nOl'er oocur in the 
fresh waw", of di.rta.nt continents. But 011 tho MUle 

continent the sl)('('ic;J often runge widely aud almost 
caprieiuu!l.ly; for two river-sYlStems will ha,'o somo flsh 
ill common and 80me different. A few fo.cls Seem to 
fill'our the poMibility of their OCClUIionnl trollsport by 
llC("idental mcans; like that of tllo lh'e fish not rnrely 
droppNi by wlliriwinds in India, and the vitAlity of their 
m'a when remow·d from the wak>r, But I am inclined 
to attribute tho di~f'('rsa1 of £resb-\\-ater H .... h mainly to 
chaugul in till."! lel'el of the land within the recent 
IlI·riod, having caused rivers to How into each other, 
IflIItanCCfl, alllO, oould be given or this haling occurred. 
(Inring floods, without any chango of level, The wide 
difference or tlJC fish on the oppoeito sides of continnous 
mountain-mnges, wllich from an early l)Criod must havo 
Nmplotely IJfCvented the inosculation of tlle rirer-
8y~tems, 8C<'ms to i('ad to tho SIlmo conclnsion. With 
reflpoct to aUied fresh·water £isll oo::urring at vcry distant 
points of tllo world, no doubt thoro oro Illany casea 
which caunot lit present. be explaiued: but 801M fresh
lIIak>r fish belong to very ancient forma, and in such 
~ thero will OO,oc been ample time for great goo
grallhical ehangO!, and consequently time find mcaWi 
for mueb migrntiou. In the 8CCOnd Illace, snlt·water fish 
can ltith caro be 810wly accustomoo to li,oo ill fresb 
water; an(l, nccordingto Valenciennes, there is llll.nlly 
a single grouJl of which all the members are confinoo 
exclusively to fresh water, so that a marino sJlcciee of 
a fresll-watcr group might travel far along tllO shores 
of the 8Ca, find subsequently ~ome modified and 
adapted to the f~h wnk>rs of a distant land, 

Some species of fresh-water shells have "cry wide 
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ronges, and allied species which, on our theory, are de
accndcd from a oommon parent, and mu,;t h(,,'o pro
ceeded from a single SOUl't'e, prel'ail througllout the 
world. Their distribution at first perplexed me much, 
as their ora are uot likely to be Imnsportcd by birds, 
lIud aro immediately kilh,>d by IICa-water, 1\8 are the 
adlills, I could not even understand how some natu
rn[illC<i species havo spread rapidly throughout Ille SiLIlle 
oount ry. But two facts, w\lieh I Iuwo obsened-aml 
no cloulot lIlany others remllin to be obscrroo-throw 
some light on this subject. When a duck suddenly 
emerges from a pond oo.crod with duck-weed, I have 
twice seen these little plants adhering to its back; and 
it has hallpeued to me, in removing a little duck_weed 
from ono aquarium to another, that I hanl quite unin
tentionally stocked the one with fresh·water shells from 
the other. But another ageney is llCrhnrlil more 
effectual: I suspended a duck's fcot in an aquarium. 
whcro many ova of fresh-wltt"r shells were hatching; 
and I fountl that Ilumbers of tho extrom<!ly minute and 
just-hatched shells crnwlcd on tho f~t, and <!lung to. 

them 80 firmly that when taken out of tIle witter they 
eQuid IIOt bo jarred off, though at a IIOlIlewhat more
admnecd age thoy wonld ,'ohmtarily drop off. These 
just-hotched mollu;;cs, though aqllatje in their nature, 
Wryi,'ed on the duck's feet, in damp [Iir, from twel.e to 
twenty hours; and in this leugth or time a duck or 
heron might fly at least six or lIElyen hundred miles,and 
if blown ncro&! tho sea to an oceanie island or to ally 
other distant IXlint would be sure to alight 011 [I pool or 
rivulet. Sir Chades Lyell informs 1110 tllnt a Dytiscus 
llns been caught witll all Aneyills (a fresh-water shell 
like a limlMlt) firmly adhering ro it; Itlld 1\ water-beetle 
of the SIImo fnmily, a Colymbetes, onco flow on board 
tbe 'llcaglc,' when Cony-fil'e miles distant from the 
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noot'{'llt land: how much farthcr it might Ila-re been 
blown with a fa\'ouring gale no one can tcll. 

With respect 10 plants. it h.as long been known what 
enonu"UI ranges many ffCsh-water. and e\'cn marsh
speeie8, have. both orer continents and to the most 
remote oceanic islands. '!'hi! is strikingly shown, us 
remarked by .\I(lh. de Candol1e, in largo groups of 
tem.nrilu plnUIiJ, whieh have only a very few aquatic 
m('mlK'rfI i for thcsewlter seem imruodio.tcly 10 acquire, 
as if in oon~'qncnce, a "ery wide range. I think favour
able means of dispersal explain this flU'l I luwe before 
mentioned that earth oceasionally, though rnrely. ad
heres in 80me quantity to the fel't and beaks of Lirds. 
Wading Lirds. which frequent the muddy edges of 
IlOnds, if@uddenly tlusJled, would be tile most likely to 
Il8ve muddy feet. Birds of this order, I can 81IOW, are 
tho greatest wanderers. and are occasionally fonnd on 
the mOlit remoto and oorrell islands in the open ocean i 
they would not 00 likely to alight on tho surface of tho 
~a, 80 that the d irt would not be washed off their feet; 
and when making land, they would be Bure to fly to 
their natural fresh-water haunts. 1 (10 not beHove dlat 
ootanoo are aware how charged tho mud of ponds is 
with &Oed!: I ha,'c tried severnllittle experiments, bnt 
will hero gi"e only tlle most striking ctUIO: I took in 
February three table-spoonfub of mud from three dif
ferent IlOintB, beneath water, on the edge of a little 
lIOnel: this mud when dry weighed only tit OUIiCes i I 
kept it CO\'ercd up in my dudy for six months, pUllillg 
up and counting each I)lant 88 it grow; tho plants were 
of many kinds, and wero altogether 537 in numOOr i 
anfl yet the viscid mud was all contlliued in a breakfast 
cup I Couwidcring these facLs, I think it would 00 an 
inexplicable cireufllStancc if water-birds did not trans
port the seeds ofthesam6 fresh-water 111an1.8 to unslocked 
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ponds and streams. situated at 'l"ery distant points. The 
same agency may have come into piny with the eggs of 
aome of the smaller fresh-water animnls. 

Other and uu\,.-nown agencies probably have also 
Jllayed a part. I ha\'e stated that fresh·water fish eat 
some kinde of seeds, though they reject many other 
kinds aftcr baving swallowed them j evcn ,mall fish 
swallow soods of moderato size, IllI of the yellow water· 
lily and Potmnogeton. Herons and other birds, century 
after century, have {,'One on daily devouring fish j tbey 
then take flight and go to other waters, or aro blown 
8CroM the IIE!t\ j aud we have seen tbat aeOOa retain tlleir 
po'lfer of germination, when rejected in pellets or in 
excrement, mauy holUS afterwards. When I saw the 
great lize of the seeds of that fine water-Wy, the 
Nelnmbium, and remembered Alph. de Candolle'. ~ 
markB on thie plaut, I thought that il!l distribution must 
remflin quito iucxplicable; but Audubon states that he 
foulld the seeds of tho great southern water-lily (tlfO
bo.bly,nccoming to Dr. Hooker, tho Nelumbium luteum) 
in a llcron', stomach j although I do not know tbe fact, 
yct analogy makes me believe that a heron Hying to 
another pond and getting a hearty meal of fish, would 
probably reject from its stomllCh a pellet containing 
tho seeds of the Nelumbinm undigested j or the seeds 
Blight be dropped by the bird whibi. feeding ita young. 
in tho same way as fish are known IIOmctimes to be 
droppoo. 

In considering these 86'1"crai means of distribution, 
it should be remembered that when a pond or stream 
is first formed, for instance,oll a rising islet, it will be 
unoccupied; and a single sood or egg will have a good 
eham'lO of succcoding. Although thero will always be a 
stnlggle for life between the inhabitants of the same 
pond, however few in kind,yetaatha number eren in a. 
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wcll·lIlocked lM>nd ill small in comparison with tlle 
nnmber of species inhabiting an equal arca of lund, tile 
compt'titioll will probably be Icssllever6bet ..... cenaquatie 
than between telTCl!trial species; consequeutly nn in
tnilier from tho ..... aters of a foreign country will lun-e n 
bet~r ~hance of seizing on a 110 ..... plnce, than in tho case 
of terrestrial colol\ists. Wo should also remember that 
many fre.;ch· ..... ater pnxluction.8 are low ill tho sco.lo 
of nature, and we have renson to believe that low 
beinge chango or become modified less quickly than the 
high; and thil' will pvo a longer timo thall thea,'crago 
for the migration of the samo aquatic species. "Te 
sbon!tl not forget the probability of many species 
having fonnerly ran~ as continnously ns fresh-water 
1)l'I)(luctions ever can range. O\'er immell80 area...a, and 
having slibaeqllcntly become extinct in intcnnediate 
regions. Dut the ..... idodistriblltion of frc~h· ..... atcr plants 
and of tho lower auimals, whether retaining tho 8amo 
identical form or in some degreo modified, I bclim'o 
mainly depends 011 the wido dispeml of their flOOds and 
eggs by animals, more especially by fresh-wawr birdlJ, 
which havo great 1M>'lrors of fiight, and naturally travel 
from olle piece of water to another. 

On tM lnAabihmL. of O«anj(J lllandA. 

We now come to the last of the three c1i1S8ef1 offacis, 
whi~h I have selected ilS presenting thegrcat(!St "mount 
of diffi~ulty, if \\"e accept the view that not only oJl the 
individual" of the same species, wherever found, have 
migrated from some one area, but that allicd species, 
although now inbabiting the most dilllllnt lM>inLB, hln'e 
Ilroceedod from a single area,-tho birtbplace of their 
early progenitor. I ha"e already statOO that I cauuot 
honestly admit Forbes's view on colltinental CIwnsions, 
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whidl, if legitimntely followed out, would lead to the 
belief thnt nil exi~til\g islands have been continuously 
or almost continuously joined to !JOme coutincnt withiu 
the recent period. This ,'lew would remo,'e lualn' diffi
culties, but it would not explain all the facts in ~gard 
to insular productions. In tho follo,,-ing remarks I shall 
not confine mysclf to the mere queatioll of dispefSlli; 
but shall considcr !JOme other fncts, which bear on the 
tnlth of the two theories of independent creation and of 
dcsccut with modification. 

The species of all kinds which inhabit oceanic islands 
are few in number compared with those Oil C(lual conti· 
Jlcntalareas: Alpll. de Caudollo admits this foqllants, 
and Wollaston for insects. New Zealand, for instance. 
witb its lofty mountains lIud di,'e~ifiedstations,extelld_ 
ing O\'er 780 miles of latitude, togetber with the outly
ing islands of Auckland, Campbell, and Chatham, eon
tain altogether only 960 kinds of flowering 1)lants; if 
wo !'.Ompnro tlli8 moderato Ilumber with tilo species 
which swann over equal aI'Ca.s in Sollth·'Vestern 
Australia or at tho Cape of Good Hope, wo I1II1St admit 
thatFOmctbiugquiteindcJl{·ndelltly of a difference in tbe 
physical oollditiollS bas caused 80 great II. differenco in 
number_ E,eu the ullifomi county of Cambridge bas 
847 plants, and tho little i ~lflnd of Anglesea 764, but a. 
fcw ferns and 0. feW introduced plants are included in 
tl1('8O llumbers, find the comparison in BOrne otller re
speets is not quite fair. We h.8\'e e,'idence that the 
barren islalld of Ascensioll aboriginally )Xl88C88ed less 
tbnn balf-n-dozeJl flowering plflnts; yet ffitlUY 1111.\'0 nOli" 
become naturalised 011 it, as thoy llave on ]I.'ew ZMlllntl 
and on e\'eryother ocennic islaud which call be named. I n 
St. Jfeleno. thero is reason to belic,-e that the nllturoliscd 
1)lants and animals ha.e nearly or quite cxtcnuinated 
Illllny nativo productioll& 110 WIIO admib the doctrine 
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of the creation of each separate species. will OOye to 
adm.it that a sufficiellt Illllliber of the oostndnpted Illant8 
and animaJ.i were Ilot created for oceauic islands; 
for mall bas unintentionally stocked them far more 
fully ami perfectly than did nnturc . 

. \ lthough iu oceanic islands the spedes llro few ill 
lIumi.M!r, the proportion of endemic kiuds (i. e. those 
found nOli hero else in tho world) is often extremely 
large. If '1'0 compare, for instance. tho numUcr of 
eudemie land-ehells ill Madf'ira, or of euuemil' birds ill 
thtl GaJall8gOlJ Archipelago, with the DUmber found Oil 
auy l'ontinent, aud then COUlpare tbo area of tho islalld 
witb that of tho continent, we shan see thai this is tnle. 
Thi8 fact might 00,'0 been theoreticnlly expected, for, 
811 already explained, species occagjonally arri"ing aner 
IOllg inteM"ab of time ill a new nlld i,;olated di~triet, and 
having to compete with lIew associates, woulll bo emi
nently liablo to modification, and would onen produce 
groullfl of modified dcscendanl9. But it by no means 
folloll\l Illat, becauso ill 1111 island near ly ali tho species 
of ono c1o.ss are peculiar, thOS(l of another CitUl8, or of 
,mother I'oCCtiou of tho same da.ss, Me peculiar; nud 
thill (lilfereuoo seems to depend parOy 011 tho ~peeies 
wili('h al'\' not modifie~l haying immigNited in a body, 
IK) that their mutual relations luwe not been much dis
turi.lt--d; nn,1 partly on the frequentarrivsl ofnDlnodified 
immigran~ from the llIother-couutry, with which the 
in:;lliar fornu hem: intercro.sed. It should bo bonle ill 
mimi that the olT~pring of such Cro8SC!! woulll alwost 
c"rl(l inly gllill ill ,-igour; so that C\'ell an occabional 
cro:lS "Quid produce Illorc elTect thllil might 1111\"0 ~n 
(IIIticipatc'l. I "ill giwl a few illu~trntions of the fore
guing rcmark8: ill the Gninpagoo hlalld~ lih)ro uro 20 
luud·bini:!; of these 21 (or perhap6 23) IIro peculiar, 
"berea! of tbo 11 marine birds only 2 are peculiar; lind 
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it is obvious that marine birds could arrive at these 
islands mnch more ensilyandfroquentlythan lanel-birds. 
Bermuda, on the other hand, which lies at about tho ISBme 
distance from North Amcrica. as the Galapagoa Islands 
do from &mth America, and which hM a ",'cry peculiar 
BOil, does not posseBII a lingle endemic land-hird; and 
we know from Mr. J. l\L Jonca's admirable aooount of 
:Bermuda, that "ery many North American birds occa
sionally or even freqnently visit lha island. Almost 
every yoor, tIS I am informed by Mr. E. V. l1aroourt, 
many European and African birds are blown to Undeira; 
this islaud is inhabited by 09 kinds, of which olle aloDO 
is peculiar, though very closely related to a European 
form; and three or four other species /U'6 confined to 
this island and to tho CIlnaries. So that the islands of 
:Bermuda and lLW.eim have been stocked from the 
neighbouring coutinents with birds. wllich (or long ages 
ha,'o struggled together, and beronlo mutually adapted; 
bonoo when settled iu their new homes, each kind 
would be kept by the others to its proper plaooand habits, 
Ilud would consequently be but little liable to modifica
tion. Any tendency to modification would aleo be 
checkcd by intcrclO£liug witb the uumodified immi
grants from the motliel'-COuntry. Madeira 8h'Rin is 
inhabited by a wonderfuillumber of peculiar land-ahclls, 
whereas not one I!j)edcs of sea·shell is peculiar to its 
shores: now, though we do not know how BCo.-allClls nro 
diapet'BCd, yet '1'0 can see that tlleir eggs or huvre, 
perhaps attached to BCIl.wood or flooting timber, or to 
the feet of wading·birds, might be transported across 
three or four hundred miles of open sea far more easily 
thlUl laud-shell!. The different orders of insootJ inhabit.. 
illg iUadcim present lIenrly similar cases. 

Occo.nic islands are sometimes deficieut in animals of 
certain whole classes, and their pla.ces are occupied by 
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oth"r c1a'G('!: thus in the Galapag08 Islands n!lltilee:, 
anJ in ~e\V Zea.lnnd gigantic winglCSil birds, take, 
or J"eC(·ntly took, the place ofmammaa. Althongh New 
ZooJanJ i1J h('re ~pokeD of as an oceanic island, it is ill 
some dl'A'f\.'e doubtful whether it should be 110 ranked; 
it ii o( 1u.'1:."O aize, aud is not separated from Australia by 
A Jltofoundly (lcep sea; from its geological eharncter 
And tho dircetion of its mountain-mngos. tho lWv. W. 
n. Clarko 11M lately maintained that this island, as well 
as NewCalMonia, should be considered 118 allpurteuallCCB 
of A\lJjlraiia. Turning to IJiants, Dr. Hooker liaa shown 
that in tho Galapagos Islands the proportionalliumbel'lJ 
of the dilFerent orl'lel"8 are \'erydifferent from what they 
are elsewhere. All RUch dilFerenCCll in number, and 
tho alMence o( ceriaiu wholo groups o( animals and 
rlani;! on i~lands, are generally aceounWd for by sup
~ diffe~uees in tlleir physical conditions; but this 
6planation is not !\ litUe doubtful. Facility of immi
f,"I'lltion 800mB to haye been fully as iwportunt as the 
nature of tho oonditiOllil. 

Many remarkable little faei;! oould he given witb 
l'('8pect to tho inhabitants of oceanic islands. }~or in
!!lallce, in certain islands 1I0t tcnanWd by a singlo mam
mal, IlOme of the endemic pIani;! htn'o beautifnlly hooked 
k .... -ds; !UJd few relatiOllil are more manifest th!UJ tllAt 

hooked ~ are adapted (or tl'tlll8portal in the \\'001 or 
fur of quadnlpOOs. But a hooked seed might be carried 
to !UJ hland by other mea.ns; llnd the plant then becom
jng modifioJ would form an endemic species, which 
miglit still retain the hooks, which would not form a 
more u~l(>!08 appendage than tho shrivelled wings under 
tho 80ldered clytra of mally insular bootIes. Again, 
islands oftell po8SCss trees or buslws belonging to ordel'8 
elsewhere including olily herbaccous species; nOll'troes, 
as Alph. de Ctlndolle has shown, generally have, what-
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e\'er the caU!6 may be, confined ronges. llellre trees 
would he little likely to reach distant OCffillic islands; 
and an ,herbaceous plnnt, which had no chance of suc
cessfully competing with the many fullydeveloped\trces 
growing 011 a continent., might, when cstablishod on o.n 
iilRud, gain an advalltAge by gro"'iog taller and tailer 
and o\'ertopping tho other hcrbe.ceous plauts. In th~ 
case, natuml seleclioll would tend to fldd to tho stature 
of tho rlsllt. to whate\'cr order it belonged, and t11Ui 

OOllycrt it first iuto II bush and then iuto a tree. 

Abse/1e6 of Batrac1lia)u and Terrestrial Mammals on 
Oeeanitl Island,. 

With respect to tho lIb8ence of whole orde1'8 of ani· 
mills on ooclUlie islands, Dory St. Vinccut long ago 
remarked that Batrnehituls (frogs, toods, newts) are 
!Ieyer found 011 any of the many i3luuds wilh which tlu~ 
gretlt oceaus are studded. I haye taken pains to "erify 
this !\38Crtion, aml havo foufl(l it strictly tnle, with tho 
exception of New 7..caI8n<l, of the Andalll8nlalands, and 
perhap!! of tho SnIOIllOIl biliuds. But limn.! already 
remflrked that it i'4 doubtful whcOlcr New ZeliJlUld 
ought to be classed ns lUi oceanic island; ami th~ is 
sti ll more doubtful witiL respect to tho 1.\.n!1811l8n and 
Salomon groups. Th~ general absenco of fro<~~, toads, 
and newts on so Dlon}, oceanic islands canuot he ae
conntrd for by their l)hysical <.'Onditions j indeed it 
seems that islands aro peculiarly well fitted fOf these 
auimals; for frogs 110."0 been introduced. into Madeira, 
tho Azores, and )lnuritjUij, IlIld ha"e multiplied 80 as 
to becomo a nuisance. Bllt 1\8 these animals IUltl their 
SI)811"11 are known to he illlmediately kill('(1 by SOil-water, 
there would be great difficulty ill their trnnsportalacross 
the 808, and therefore wo can see why they do llot 
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(·~i.;t on any oceanic island. nut IIhy, on tile theory 
of creation, tbey should not Ilfwo been created there, it 
would bo very dimcult to explain. 

MaulI.llaJ/j offer aootller anri similar case. I ha\·o 
carefully searched tho oldest ,·oyago!!, and liS yet I 
have IIOt found a single instance, freo from doubt, of a 
tcrrestrial mammal (excluding domesticated lluiwal,; 
kept by the nat ives) inhabiting all islnnd situatooabove 
300 miles from a continent or greut CQutincnlal island; 
atl(i mauy i&lallds situated at a lIluch 1C68 distanoo are 
equally bam:-n. 'fhe Falkland Islauds, which are inhn.
bite<! by a wolf-like fox, como nearest 10 an exception; 
but this gronp callnot be oollsidered M oceanic, as it 
lies OD a bUlk in connection with tho mainland nt the 
distance of about 280 miles; moroon'r, it.'obefgll for
merly brought boulders to its wc..lcm shore8, and they 
lIlay haro formerly transported fO~eiI, fI8 1I0W frequently 
happellll in tho arctic regioull. Yet it ('aDnot be &tid 
thut SOlan islands Ilill not support at leost smnll malU
mals, for they ocelli· in many parts of tho world Oil \·ery 
"llIall islands, wilen lying close to a conlineut; aud 
hardly Oli i~land can be namcd 011 which our smallcr 
quudrupedll ha\·o not become naturalised IUll1 greatly 
mnitiIlli.-d. It canuot be said, ou the ordinary ,·icw of 
creation, that th(-'re has not ~lltilDeforthecrcatioJl 
of mammals; mllny volcanic islands are sufficiently 
an,·icnt. IliI shown by the !tupendous degradation which 
Ill(;y have suffcn.-'d, and by their tertiary ~trata; thero 
IJn~ abo bc\:n limo for tllO production of endemic species 
belonging to other classes; and 011 contiueuts it is 
known that mammals appear Ilnd dislIppear at a quicker 
rate than other IIlId lower animals. Although terrcs. 
trial mnllulJalli do not OlOCUl' on oceallie islands, aerial 
mallllllalii do occur on almost m·ery island. Xow Zen
lami posses8es two bats fOWld liowhere else in tho 
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world: Sortolk Island, tbe Viti Arcbipemgo, the B:;min 
lsIands, the Caroline and Marianne Archipelagoes, and 
Mauritius, all JXI!IIII!8S their peculiar oots. Why. it may 
bo Mked, liM the supposed creatiwl force produced oots 
nnd no other mammals on remote islands? On my 
view this question can easily bo nnswered; for no ter
rcstrinl mammnl can be trnnsportcd MI'08II 0. wido spaco 
of sea, but bats can fly Mross. Bats hayo been seen 
wandering by day far oyer the Atlantic Oceall; and 
two North American species either regularly or occa
sionally "isit Bermuda, at the distance of 600 miles 
from tlle mainland. I hear from .Mr. Tomes, who has 
SlMlC.wly studied this family, that many slK!cies haye 
enormous ronges, and are found on continenta and on 
far distant islands. nence we have only to SUPIKl66th.at 
such wandoring species ha\'e been modified in their now 
homcs in relation to their new positiou, aud we roll under
Btand tho presence of endemic bll18 on oceanic islands, 
with tllO ab80noo of all other wrrestrial mammals. 

AllotllCr interesting relation exists, namely between 
the depth of tho sea IICparating islands from each other 
or frow tbo nearest continents. and tho degree of 
affinity of their mammalian inhabitants. :aLr. Windsor 
Ear) hns mado somo striking obsen'ations on this hood, 
since greatly extended by Mr, WaUnco's admirablo ro
scarclHl8, ill rego.rdtro the. great :naby Arcb.ipelago, 
which is tnweraitl..-ncar (Jelebes by a BpIl.Cl& of doop 
ocoon, and this 8Cparates two widely distinct mammalian 
faulUl& On either Kide tho islands stand 01\ Il mode
rately shallow submarino bank, and these ate inhabited 
by tIle same or by very closely allied quadmpods. I 
hlt\'e not ns yet had tilDe to follow up this subject in 
all quarters of tlio world; but as far as I hal'o gone, the 
relation generally holds good, For iustanoo, 13ritain is 
separated by It shallow c1lfl.nnel from Europe, and the 
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mammals are tile same 011 both sides; and 80 it ill with 
all tho islands Dcar the ShOTes of Australia. The Wcst 
J ndinn h lands, on tho other haDd, stand 011 a dceilly 
submerged kmk, ncarly 1000 filthoDlS in depth, and 
hero we find AmcriclUl forms, but the speciC!8 Ilnd e'·ell 
the genera are quite di..;linf't. .As the amount of modi
fication wllieh animals of all kinds twdergo, partly de
pends on the lapse of time, and tIS islands separated 
from each other or from the mainland by shallow chan
Dela arc more likdy to have been continnously ull itcd 
within n recent pc-riod thall islands scparntcd by dccper 
c1uulIlcls, we can und!'rslaJl(1 how it is tbat a relation 
exists between the dcpth of the sea liCparatilig two 
mammnliau faullll8, and tllo degree of their affinity,
a relation which is quite incxlllicnble 011 the tllCOry of 
illd!'llendclltacts ofcreo.tion. 

'rhe foregoing sMcmcnls in n>gnrd to tho inhabitants 
of occnnic islllnds,-namely, tho fel'ines8 of the spociC!!, 
with a large proportion con~isting of endemic forme-
the mcmbers of certain groups, and not of other groups 
in the same class, lJa\·illg been modified-tho absenoo 
of certain whole orders, as of batrnchians and of terres
trial mammals, notwitil.lItanding the pfUlCUOO of aiirial 
oots,-tlle singular proportions of eertaill orders of 
lllants,-herbnceoui! fonns huying beeu developed into 
tree .. &e.,---scem to me to Bt'OOrd better Witll tho belief 
in tho efficiency of occnsiOllnl means of tmllsport, curried 
on during II. long conroe of time, than with tlLo belicf ill 
tho former OODlloctioll of all oceanie islanda with the 
n('8rcst contillcot; for 011 th.is latter "iew it iii Ilrobable 
that the ,·arioUi.l Cla&cil would hayc immigrated more 
uniformly, and from tho species having ;entered in a 
body their mutual relations would not ha,·o been mueh 
disturbed, Ilnd con.sequently they would Iiayo hoen lUO
dified either not nt nil or in n lIloro equnl manner. 
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I do not deny that there are mall)' nnd /lerious dim· 
('lIltil."8 ill understanding how mony of the inhabitallts 
of the moro relDote islands, whether still rt!taining the 
same ~pecific fOfm or subsequently modified, hare 
rt!fIChed their present homes. nut the probability of 
i~lolldil Imving: existed as balting·places, of which not a 
wreck 1I0 W remains, must not be overlooked . r will 
specify ono slich tliffienlt case. Almost nil oceanic 
islauds, e\'en the most isolated and sillallest, are iliOO' 
bite<! by land~heJ l s, genernlly by endemic speeics, but 
8OmetimC8 by species foulld ellHlwhcro,-striking in
stances of which hal'e been gh'en by Dr. A. A. Gowd 
in relation to the Pacific. Now it is notorious that land
shells are ca:;ily killed by Bea·water; their eggs, at least 
such!L8 I hlwe trioo,sink in itand arc killed. l'ctthcre 
Illust be, according to our view, some unknown, bllt 
oecasionallycfficiellt nleallS for t\\('ir tnUlsportru.. Woult\ 
the just-llatched young sometimes odhere to tho feet of 
birds TOO~tillg on the brround, lUll! thus b'Ct IrnllslJOrted? 
It OCCllrrc<\ to me that land·shells. Ithen hybcmatillg 
ami IUll' ing a membranous diaphrngm OV('r the mouth 
of tho shell, might be Hooted in cilinksof drift(,,<\ timber 
across mooemtely \\ide finns uf tho 1ICa. And I found 
that scI'ernl spe-cies iu this stale \lith~tootlllllinjilred au 
immension ill /lell·water dnring sc .... n days: one sbell~ 
tho Jl elix pomalia, after hal-ing lx.1."n thus trooted 11lId 
agnin h~'bcrnatiug was put into !lI,;ll-llater for twenty day", 
!lml perfl.'Ctly I'~xn-en'<i. During this length of time 
tho sllellm ig-ht ho,-o been curried by 1\ marine CUIT('Ilt 
of !llerngo swiftness, to 0 distanoc of 060 googmphical 
miles. As tllisllclix JlIisa t],ickcnlcIlI'COUBopcrculullI, 
I remo\'ed it, and when it had fOl'llled a nell memo 
bmuous one, I ngu.ill immersed it for fourteen days in 
sen-water, and ngaju it recol-crod ami emwled au-ar. 
&l'On AUCIlllitaino has recently tried similar expcri-
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monts: he placed 100 land-shells, belonging to ton 
apecies, in ~ holt pierced with holes, and immersed it 
for A fortnight in the 1IC3. Out of the hwulred shells, 
twentY-8e\'en r"CeO\·ered. The presence of ali opercuillm 
St.'Cms to luwe been of importal\~, lUI out of twell'O 
specimens of Cyclostoma clcg~I\~, which is thus fur
nisluxl, clevon roviyed. It is remarkaLlc, BOOing how 
well with me tho Helix pomatia resistod tho MIt-water, 
that not ono of "ny-four specimens belollgillg to four 
speci<l8 of Holix tried by AUOO}lita.ine, recovered. It, is, 
howcn'r, Dot at all probe.blo that laud..flilelb have often 
~n thUll tmnllported; the feet of birds is u more pm
be.blo method. 

On lhe Relationl oj lhe Inhahilanl, oj Islal10lll to tlWM oj 
fhe neaJ"nt Mainland'. 

'rhe lDost striking and important fuet for us u the 
aOinity of th<.l species whiclt inhabit islands to thOllO 
of tho ncnrcst mainland, without being actually tho 
same. Numerous iustauce;l could be given. 'l'he Gula
pagos Ardlipelago, situated uuder the equator, lies at 
the di5iallOO of betweell 500 find 600 miles from the 
IIhoros of Routh America. liere almost m'ery product 
of the land and the water 0en1'1l the ulllui..slakooble 
stamp of the Americall continent. There are twenty
six Iand·birds, ~lld h.enty-oue,or, perhtlpB, twenty-thl'CE', 
of thC80 aro ranked tIS distinct spooiCfl, lIud ru-e MIIJlpose<l 
to ha\'e OOcn created here; yet the cJOIIO afiinity of most 
of these birds to American species in evory character, 
ill their habits, gestures, and tones ofvoioo, was mani
fest. So it is lI'ith the othcr animals, and with ~ large 
proportion of tho planliJ, a.s shown by Dr. Hooker in his 
rulmirnblo F lom of this archipelago. 'rho naturalist, 
~ooking tit tho inhabitllnts of these \'oloonie i$lands in 
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tile Pacific, distant severnl IInndred miles from tile con
tinent, yet foel.'! that ho is standing 011 American land. 
Why slloul(1 this be 80? wily should tho spcc.ie8 wllich 
are SIIIlI)l)8(ld to lull'o been created in the Galapagos 
Archipelago, and nowhere else, benr 90 plain 0. smmp 
of affinity to thORO created in .\mericll.? There is no
thing in tho conditions of lifo, in tho goologicaluaturo 
of the islands, ill their height or climaw, or ill the 
proportions in which the severnl c11lSSC8 are llS90Ciated 
together, which closely resemhles the conditions of the 
South American coost: in fact, thC'ro is Il considerable 
dillSimilarity in all the foregoing re81leCts.. On the 
other hand, there is a consi(lerable degree of resem
blanco in the volcanic Dature of the soil, in the elimate, 
height. and size of tho islands, betwccn the Galapagos 
and Capo de Verde Archipelagoes: bllt what an entire 
ami absolnte difference in their inhabitants! Tho inha
bitants of the Cape de Verde lslanca are related to 
those of Africn, like those of tho Ga1apogos to Amerioo.. 
Facts Slich ae th()8(>, admit'ofno sort of eXlllllllation 011 
the ordinary "jew of independent creat ion; whereas. 
on t110 "iew hore maintained, it. ill obviolls that the 
Galape.goe Islands would be likely to receive colonists, 
whether byoccasionnl means of transport or by formerly 
continuous land, rrom America; tho Cope de Verde 
Islonds from Arrica; and that such colonists ,,'ould be 
liablo to m«lification,- the principle of inheritance still 
betraying their eriginal birthplace, 

U any annlogous facts could be given: indeed it is nn 
almost Imi"orsal rule that tho endemic productions of 
i:;!nllds are relnted to those of the nearcst coutinent, or 
of tl le Ilearest island. The exceptions nre fow, aud most 
of them can be explained. 'rhus although Kerguelen 
lAnd stands Ilearer to Africa tlmn to America, the 
plants aro related, aud that "cry closely, os wo know 
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Cp.r. XII. ISLANDS TO THOSE OF THE ltAL,\"L..L"D. 479 

from Dr. Hooker's account, to UU:1Se of imerica: but 
on the view that this island has been mainly Btocked 
by soods brought with earth aud stonos on icebergs. 
drilled by tho premiling: currents, this anomaly dis· 
appears. New Zealand in its clldemic ]JIlluts is much 
more clO6Cly related to Austmlia, tho llelll'C8t mlliuland, 
tlUUl to lIny other region: lind this is what might hUl'o 
been expectc<l; but it is also plainly related to South 
America, which, although tho next nearest contiuent, 
is so enormously remote, tbat tho fllet becomes an 
anomllly. But tbis difficulty almost di..:sappcnrs ou tbo 
viellt' that New Zealand, South America, ami the other 
southern lands hare been partially stocked from a. 
nearly intermediate tllongh distant point, namely from 
the antarctic islands., ll'hen they were clothed with 
"('gelation, during a. warmer tertiary period, before the 
COmmoncement of tIle last Glacial period. The affinity. 
which, though feeble, I am assnred by Dr. llooker is 
real, between the florn of tho south·western corner of 
AlIslralin. and of the CIlPO of Good llopil, is a far more 
remarkable ease j but this affinity is confined to tbe 
plants, and will, no donbt, be /JOmo day explainL'd. 

Tho 8amo law which bas determined the relatioUllhip 
between the inhabitants of islands and tho nearest 
mainland, is 80metimes displayed on a small scale, but 
in a m06t interesting manner, within tho limits of the 
sarno 8rch.illOlagO. 'l'hll3 each aepBrote island of tlle 
GaJapng08 Archipelago is tenn.ntcd, and the fact is 8 

man'cllons one, by distinct gpooios; but thcso species 
are relatod in a very much closer mauner to encll other 
than to the inhabitants of any oilLOr quarter of the 
worlll. This is what might havo hc<!n expected, for 
isJandB sitnatro /JO near each other would almost neees-
8iU'i1y rcoeiyo immigrants from the SIlmo originn.l source, 
and from each other. But how is it toot wllny of the 
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immigrants have been differently modified, thougll only 
in Il s.mnll degree, in islands situuted within sight of 
each otiler, hning the same geological nature, the Nlme 
height, cl imate, &c. This long appeared to mo 0. great 
difficulty: but it arises in chief part from the decply
seated error of considering tho pby~ical conditionll of 0. 

country as the most important; wlH!rena it C(Lllnot be 
disputed that the nature of the olLer inllObitants with 
wllich {!ach has to compete, is at lCMt as important, 
and generally 0. far more important cl(:lIIeut of sucoe;;s. 
Xow jf we look to the species which inhabit the Gala
IXIgOi Archipelago and are likewise found in other porn 
of tJlO world, wo find that they difTer considerably in 
tho BOveral islands. This difference might indued ha\'e 
been expected if the islands ha,'o been stocked byocca
lional means of transport-a .sec<l, for instance, of one 
plant having beell brought to ono island, and that of 
anothor lll!Ult to another island, though all Ilroooeding 
frolll tho sume general sonrce. H ence, wh('l1 ill former 
tim(:s an immigrant first settled on ouo of the islauds, 
or when it subsequently spread from one to allOther, it 
would undoubtedly be expo5cd to different collditiona in 
tho different i.J.allds, for it would hnl! to compete witl l 
a d ifferent set of organisms: a plant, for in~t6nce, would 
find tho ground I.lcst fitted for it occupied hy 8Omell·llat 
different slleCies in the different island.!, nnd would be 
expollcd to the attacks of somewhat different enemies. 
If thon it mried, Illltural sel('(:tion would probnbly fal'our 
different \'aridic~ in the different i~lands. Some slleCics, 
llowl!\'er, might spread and yet retain tho Slune character 
tllrollghout the group, just Ill! we see some sllCCiCll spread
ing widely throughout a oontinent. lind remaining the 
same. 

'1'Lle really surprising fdet in this rose of the Gnln
P.-lgoB Archipelago, and in a iCiSCr degree in (lOme 
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analogous C88C8, is that each ncw ~peciC8 after being 
formed in anyone island, did 1I0t quickly lI]lrcad to the 
other island& Bnt tbe islands, thougla ill sight of each 
othcr, IU1lsclJamted by deep arms of the 8Cfl, in most ('ilI!eI! 

wider than the British Channel, and there is 110 rcason 
to BUJlpoilO that they h/n'e at any former period been 
contillllons.iy united. 'rhe currents of the IlCIl. nre rapid 
and swoop across tho archipelago, and brnles of wind 
are Cltmordinn.rily rare; 80 that the islands are far 
morl' effectually separated from each other than they 
nppcar 011 n map. Ne,-erthclcss some of tJu~ species, 
both thoee found in other po.rts of the worM and thOllO 
confined to the archipelago, are common to the 80Ternl 
islands; and we Dlay infer from their present manner of 
distribution, that they hll.\-e spre~l(1 from one idand to 
the otben. But we often take, I tlaink, au erroneous 
,'iew of tllO prooobility of closely-allied species invading 
eaeb other's territory, wllel\ put into froo intercom
nlullication. Undoubtedly, if ono speciea has ally 
adyantage over another, it will ill a "ory brief time 
wllOllyor ill part supplant it; but if both are equally 
wclliitted for their own places, both prooobly will hold 
their places and keep separato for nlm08t any longtll of 
time. Being familiar with tho fnet that wauy SIKlCies, 
natumlised through man's agency, have spread with 
astonishing rapidity over wide al'C88, we are apt to infer 
that m08t species would tbus spread; but we should 
remember that the species which becoll\e naturalised in 
new countriCfl are not generally closely allied to the 
aboriginal inhabitants, but are Yery distinct forms, 
oolonging in a largo proportion of ellllCfl, as shown by 
Alilh. de Cllndolle, to distinct genom. Iu tho Galapagos 
Archipelago, many c,'en of the binls, though 80 woll 
ndallted for flying from island to island, are distinct on 
each; tllUS there o.re three closely-allied SIKlCies of 
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mocking.thrush, caell confined to its OWll island. Now 
let U8 suppose the mocking thrush of Chatham Island 
to be blown to Chnrles Island, which has its own mock
ing.thnlsh j why should it sllcceed iu establishing itself 
there? We may wfely infer that Charles Island is 
well stocked with if..:!: 0\\'l1 specie~, for annually mom 
eggs aro laid and YOUllg birds hatched, than can pos· 
sibly be reared; nnd we mny infer that the mocking· 
thrush peculiar to Charles Island is at least as well 
fitted for ita home as is the species peculiar to Chatham 
Islam\. Sir C. Lyell and Ur. Wollll8ton have COIll' 

municated to mo a relllarkable: fact bearing on this 
subject; namely, that ~£adeira and tIle adjoining islet. 
of Porto Santo posse88 many distinct but representath'o 
species of land.shells, some of which li,'o in cril,-iccs of 
StoIlO; and although largo quantitiCil of stollO aro 
annllll.lly transported frolll Porto Santo to Madeira, yet 
this latter islaud hil8 not become coloniacd by the Porto 
Santo species: nevertllelC8B both islands ha,-o OOcn 
colonised by European land·shells, which no doubt hnd 
BOme s(h-antago over the indigenous species. From 
theso consi(lerntions 1 think we need not greatly man'cl 
at tho endemic all(l rcpresentati,-e species, which inhabit 
the 8Cveral islnnds of the Gala~"09 Archipelago, not 
having uuiversally spread from island to island. Pre
occupntion hM alao probably played an important part 
in checking tllQ commingling of the species whidl 
i nhllbi~ different districts with nearly tho Wille physiclll 
conditions on the snme continent. Thus. the !lOuth·east 
and BOuth-wost corners of AlI8tralia have nearly the 
Wille physical conditions, and are united by continllolls 
land, yet they arc inhabited by a vaet number of distinct 
mammals, bird!!, and planf& 

'fhe .8D.me principle which governs the general chao 
racter of the inhabitants of oceanic islands, namely, 

© The Co mplete Work of Charles Darwin Orilin 



CJI ... r. XU. 1SLA.'i'OS TO TUOSE DB TlIE llA..L'i'LANO. 483 

their relation to tho 80urce whenco colonists could ha,'o 
been most easily deri'l'"oo, together with their subllcquent 
modification, is of the widest application throughout 
nature. "te see this on m'C!")' mountain-summit, in 
every lake and morsh. }~or Alpine specie~ excepting 
in as fAr as the /lamo species 11IH'0 become widely spread 
during the recent Glacial cpoell, nro relnted to those of 
the surrounding low!andsj-thus 11'0 h(J,\'e ill South 
America, Alpine hummiug-birds, Alpine rodeuts, Alpine 
plants, &c., aU strictly belonging to American forms j 

an(1 it is obvious that a mOUlltain, as it becamo slowly 
upheaved, would be colouibed from tho surrounding 
10,,·lands. So it is witll the inhabitlillts of lakes and 
m8l'8hes, excepting in 80 far that great (llCility of tnms
port has allowed many of the sarno SIH.!Cie.l to premil 
through largo portious of tho world. Wo see this sarno 
princilJlo ill tho eharacter of most of tho blind animals 
inhabiting th(\ cal"Cf! of America and of l~uropc. Other 
llnalogeus fnets could be given. It will, I believe, 00 
lllliversnlly fOlllld true, that wherC\'cr in h-o regions, 
let them be (l\'er 80 distallt, many closely alliod or 
rcpresentati,'o species occur, thcre will likewise be found 
80lDO identical sJleciCll j and where"er many elosely. 
allied species occur, there will be found many (orms 
which somo naturalists rank as distinct species, and 
others as mero l'arieties j these doubtful (onus ghowing 
119 the steps in tbe progress of modification. 

The relation betWe<!D the power IIond extent of migra
tiou ill ocrtain species, either at the prcsont or at some 
fonner period, Rnd the existence IIot remote points of tho 
world of allied species, is shown in Qnother and moro 
geneml way. ]11', Gould rcmarked to IDe lOllS' ago, that 
in tllO&) gt!nem of birds which range o\'er tho world, 
mallY of the species hi\\'e very wide ranges. I can 
hardly doubt that this rule is generally tru<', though 
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it wOllld be tlifficult to prove it. Amonb"St mammals, 
we soo it strikingly displayed in Data, and in a lesser 
degree in tho l"elidro and Canidre. We see tlle salDe 
rule in the dilltribution of butterflies and beetles. So it 
is with most of the inhabitants of fresll lI"aler, for many 
of the genera in the mostdistiuct classes muge o,"cr the 
world, lind many of tl\{~ species ha'"e enormous mnges. 
It is uot meant that all, but tbat some of the species in 
tho genera which range very widely, hnve thcmselves 
'"Cry wide mnges. Nor is it mcant that the sjlCCies in 
snch genera have on an average Il very wide range; for 
tLis will largely depend on how far tJle procCS8 of 
modi6cation hilS gone; for iustnnee, two varieties of tile 
snme species inhabit Amcrica lind Europc, and thus the 
sllCCics has nil immCIJ80 range; but, if variation wcm to 
be cnrried a little fnrtllcr, tllo two mricties ,,"0111(1 be 
r,mked as distinct spocies. and the range would be 
greatly reduced. Still less it it meant, that species 
which have tbo capacity of crossing barricrs and mngiug 
wi(\eiyas in the case of certain powerflllly.wingcd birds, 
will necessarily range widely; for weshonld never forget 
that to rango widely implies not only tho power of 
cr088illg barricrs, but the more important power of being 
victorions in distant lands in the struggle for life with 
fOn:!ign associates. But aeconling to the view that all 
tIle species of tho wme genus, tllOugh 1I0W distrihuted 
lit the m08t remote points of the world, nrc descended 
from a single progenitor, we ought to 6nd, and I belie,·o 
ns a general rule we do 6nd, that some at least of tho 
species rango "ery widcly. 

We sbonld bear in mind ill relation to all organic 
beinga that mnny genera are of very ancient origin, and 
the species ill this CU80 will IJnve had alllple time for 
di8.]lCrsal and subsequent modi6cation. 'l'hero iii also 
reason to believe from geological evidence, tbat within 
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ewh grent clllS8 the lower organisms chango at a 110l\"er 
rato than tho higher; consequently they will ha\'c had 
1\ bettcr chanco of ranging widely and of lJtiU retaining 
tho 8Qruo "(X!Cific character. 'l'his foot, together with 
tho seeds and ~ of almost all lowly organised forms 
being \'ery minuto and better fitted for distant trnllS
portal, probnbly aCCQunts for n law which has long been 
observed, nnd which has lately been discussod by Alph. 
do Cn.ndolle in regard to plants, namely, that the lower 
any group of organisms stands, tho more widely it 
ranges. 

'l'ho relations just discussed,-nlllllcly, lowerorganisrns 
rauging more widely than tho higher,-Mrno of tho 
~-peciea of "Oidely-nmging genera themICh'CS ranging 
widcJy,-sueh fllCte, lUI alpine, Incustrine, all(l marsh 
prodnctioll8 being generally related to thOl>O which li n~ 
on tho surrounding low lamia and dry lands,-tho striking 
relationship between tho inhabitanta of islan<ia and tllOS(J 
of tho nearest mainland-the still closer relatioll!!hip of 
the distinct inhabitants of tho is.1ands in the siuno archi
pelago--nro incl:lllicablo on tho ordinary viow of the 
ind('pcndent creation of each species, bnt are eXlllicable 
if wo admit colonisation from tho nearest or readiest 
8Onrce, kJgether "-ith tho subsequent adaptation of the 
colonists to their now homes. 

Summary oj t~ lcut and prtM1tt Oh4ptero 

In these chapters I haye endeavoured to show, tllat 
it wo mako «lIO allowance for our iguoruncc of tho full 
effects of the changes of climate and of the level of the 
land, which ha,·o certainly occurred within tho recent 
period, and of other changes which have probably 
oocurrcd,-if wo remember how ignorant wo are with 
respect to tbo many curious mctUl8 of occasioaal trans-
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port.,-if wo bear in mind how ofteD a species may 
have range;1 oontinuollily over a wide area, and tben 
bare become extinct in the iut{'rm(.'(\iato lracts.-tbe 
difficulty is not insuperable in believing that all the 
individual.e of the same species, wherever found, are 
dCBCended from common parents. And we are led to 
t1lis conclusion, which has been arrived at by many 
Ilntumlisls under the designntioll of single centres of 
creation, by "flrion9 general considemtions, more espe
cially from the importance of oorriCI1I of all kinds, and 
from tIlO nnalogical distribution of sub-gcDcm, genera, 
nnd families. 

With respcctto distinctspecitl8belongillg to the snme 
genus, which on our theory must have BJ)read from one 
J'arent-soUl'COi if we make the snme nllowlUlOO as before 
for our ignorance, and remember thnt IlOme forms of 
lifo hln'o changOO very slowly, ellormaus periods of timo 
lIR"ing been thus granted for their migration, the diffi
cultieB £Ito fur from insuperable; though in this case, 
£Iud in thnt of tho individuals of tho MInO 8pccics, they 
nrooftcn great. 

A8 exemplifying the effects of elimatal change! on 
distribution, J have attempted to show IIOW importaut 
a part tho Glacial period h8B played, whil'll alfeeWd 
O\'en tho equatorinl regions, and which, during the
«Iternatiolls of tho cold in the north and 8Outll, allowed 
tho productiolUl of opposite hemispheres to mingle, and 
left eorno of them stranded ill all parts of the world 011 
the mountain-summit:!. All showing llOw diversified aro 
the menna of ocC88ional transport, I ]In'"e discussed at 
HOmo little length tho mcaus of dispersal of frOBh-wllter 
llroductions. 

If tho difficulties be Ilot ilUlupernblo in admitting that 
ill tho long course of time all the individuals of the 
MIlle species, and likewise of the 8O"eral 81)OC.ics belollg-
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ing to tllo sarno genus, III,,"e proceeded from some one 
source; then all tbogrand leading fncUlofgeogrophical 
di,;lribution are e:l1llicablo on tho theory of migration 
together with subsequent modification and the multipli. 
eution of DCIV forms. We can thus underSUl.lld the high 
importauce of barrier~. whether of land or water, in not 
only separat ing, but in apparently forming the IIOvcral 
zoological ami botanical provinces. Wo can thus 
understand the conccntrntion of related species within 
the sarno IlrellS; and how it is that under different 
ll.titudes, for instance in South America, the inhabitanta 
of Ihe plains and mountains, ofthe CorestB, mal'llhea, and 
deserts, are linked together in 80 mysterious a manner, 
and are likewise linkod to tIle extinct beings which 
formerly inhabited tllO sarno continent. .Bearing in 
min(that the mutual relation of organism to orgallism 
is of the highest importance, we can 800 why two areas 
IlaYing nearly the eame llhysieai conditions should often 
be inll8bited by very different forms of life; for accord· 
ing to the length of time which has elapsed sinllo the 
oolonists entered one of the regions, or both; according 
to tho nature of the communication which ullowoo cer· 
taill forms and not othors to enter, either in greater or 
lesscruuil.lbers; acoordingor not, as th()8(l which entered 
happened to come into more or less direct competition 
\lith each other and with the aborigines; and according 
as the immigmnta were capable of varying more or less 
n\pidly, there would ensue in the two or more regions, 
independently of their physical conditions, illtinitely 
direl'llified conditions of li fe,~there would be au almost 
elldless amount of organic action and rooction,-and we 
should find, as we do lind, 80me groups of beings grently, 
11IId somo only sligiltly modified,-fiOIUO de,·clopod in 
great force, 80me existing in scanty lIulnbers-in tho 
l:IC\"ernl groat geographical provillCCil of the world. 
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On thceo SIlme principles we can understand, as I 
hal'O cndcnvourod to show, why Ol"Cftnie islands should 
Imvo few inhnbitlluts, l'ut of these II great number should 
be endemic or peculiar j and why, in relation to the 
llIeans of migmtion, one group of beings, o,'ell within 
the IIIl.mo class, should have all its spadea peculiar, and 
another group sbould have all its sJXlCies tho same with 
thoae in other quarters of the world. We can see why 
whole groups of orgauisms. ruJ blltrachiuIl8 and terrestrial 
mammals, should be absent from OC(lftnie islands, whilst 
tho most iiJOlated islands shollM 1)()89C18 their own 
peculiar species of aerial mammals or bats. We call 
800 why titCro should be some relation between the pre
sence, in islands, of mammala, in a more or less modified 
condition, and tlle depth of tho 800 betwoen such islands 
and tho mainland. We can cloorly 8CO why all the 
illhabiulI\ts of an at'cllipciago, though IIpeciflCl'llly distinct 
on tho 8Cn~ral islets, sh()I1ld be closely related to each 
otller, nnd likowise be related, but leSli closely, to those 
of tho noorest continent or other BOUn'(! whcncc immi
grants migllt have been derived. \ Ve can 900 why ill 
two nrcns. hOlle'·er distant from ('Bell otber, where ,"ery 
clOl:lCly allied or represenlati\"6 species exist, there should 
almost always olist some identical species. 

As the Into Edward Forbes orren insisted, there is a 
striking punJlelism in tbe laws of life throughout time 
and 8pnoo: the laws go,·erning tho BllCCC88ion of fonus 
in past times being nearly the same with thoee governing 
at tho prescnt timo the differences in different arellS. 
Wo I:lOO this in many fuets. 'rhe endurance of each 
speciO/l and £TOuP of species is continuons in lilno; for 
tho exooptions to the rule are so fow, that thoy may 
fairly be attributed to our DOt ha"jng a8 yet disco"ered 
in an in1crmediate dCp06it certain forms which are 
absent in it, but which occur both aoo,'O and below: so 
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in llpace, it certainly is the general mle that the area 
inllfibited by Q. single species, or by a groUjJ of spceies, 
is continuous, and tlu.l exceptions, which arc not rore, 
may. Il.II I have attempted to show, be accounted for by 
former migrations under different circumstanCCl!, or 
through occasional meaU8 of transport, or by tile spedes 
hln-ing berome extinct in the intermediate tracts, .Both 
in time and space, speeies and groUp!! of species ha\'o 
their points of ma.ximum developmcnt. Groups of 
spccies, liviug during the same period of time, or li\'ing 
within the sanle arell, nre often characterised by trifling 
fcatures in commell, as of 8Clllpture or colour. In look· 
ing to the long succe88ion of l)aSt ages, B!I in now looking 
to distant pro\.JnCCH throughout the world, we Ilnd that 
species in certain c1e.ssce differ little from each otber, 
whil!t others in a diffen"nt class, or only in a different 
tamily of the same order, differ greatly from each other. 
In both time and space the lowly organised members of 
cnell class generally cllO,uge less than the Ilighly orgo,
nise<l; but there um in both cases marked exceptions 
to the rule, Acconiiug to our tll(}Qry theae Bel'eml 
relations throughout timo and space are inlclligible; 
for whether we look to the forms of life which ha\"e 
cbangOO during lIuccessivo ages, or to th060 which ha\'e 
changed aner having migrated into distant quartcl'll, in 
both cases the forms within each class are connccted 
by the same bond of ordiunry genemtion; and ill both 
CiUK'll the laws of va.riation have been the same, and 
mooificlltiolllJ have heen 8OCllmula.ted by the same means 
ofn.ntural selection, 
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CHAPTER XIII, 

MUTt/AL AI'I'INITIU OF OBG.!.NIO nr.:nms: lfom'II0UXlT : 

E)lnIlTOLOOT : RVOIIIY.STARY OIlGAlIS, 

CI .... t.srl'ICATro'<, groUpl ombordiuRte to gl'Ol1!" _ KMurtll 'Ylum 
Ilule..nd difficultie.inebssification,cxpl.inooontbothcoryof 
deeoent with modification -Clauificatioo 0( ,''';etiCl _ o.lICeflt 
.1 .... ylUM!dineJa.ificatioo-AllIII.ogicaloradal't;y~elwloete ... 
-"'ffiniti~gencnl,complex..ndr.di'~D'_.:"tinction 1IepI_ 

nlet.nd de6Detgroupi-lIOBPIIOLOOY,betwoen roemknoftb~ 
MIlle e ..... bet_fell plrtlIoi tbe.me indiridual-EIIIUOLOOY, 
I ..... o(.urhiu.ed by'-ariatiooaDOt.l1l'erfCoill~"tanetrl,. ... '"e. 

"nd beillg inherited.t. COI'YSpOIIding age-IlVDIIiDTAHY 
OIlOA!<I; thdrorigiuexplainoo_Summary, 

Olcmi.ficaiioll, 

Fllo:u a "cry rClllOte period in the history of tho world 
organic beings 11(n-6 resembled cach othcr in dCl!Cend
ing degr<!eS, 80 tlltlt they Ctlll be cltl8sod in groups 
unrler ;;roup:8. This clltBSilication is not arbitrary like 
tho grouping of tbo stars in coll8tdlations. 'I'be exist
ence of groups would have beeu of lIimlllo signification, 
if 0110 group had been a:clusircly fitted to inbabit the 
IlInd, nnd nnother tbe water; one to food on flesh, 
another on ,'cgetnblo matter, and 110 011; but the case 
is widely diffcrent iu nature; for it is notorious how 
commonly mcmbers of even the 81'11no sub-group have 
{liffcrent habits, In the second find fourth chapters, on 
VuriCllion and on Natural Selectioll, I hnve attempted 
to show thllt within each country it is the widely rallging. 
the mucll diffused and common, tlmt is tile dominant 
species belonging to the larger genera in each class, 
which vary most, The varieties, or incipient SI)C(; ies. 
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thus produced, ultimately beromo COII\·crted into new 
ftut! distinct species; and these, eu tho principle of in
heritance, tend to produce other ncw and deminaut 
species. Consequently tile groups which oro Iiew large. 
and which generally include JIIany deminaut spccies, 
tend to go en incrcasing in sizc. I further attempted 
te shew that from the varying desccndants ef cach 
species trying te occupy as many nnd as different plnces 
M pe88ible in the economyef nature, there is n con
stant tendency ill their characterll te diverge. 'fllis 
titter conclusien is IjUpported by cb:;crving the great 
diretsityef fcnus which, in any small area, come into 
the dose:.t coml)Ctitiell, and by certain facta in uatu
ndisatien. 

I attelll]lted also tc show that there is a censtant 
tendency in the ferms which oro incrcab-ing in number 
nud di\·erging in character, to supplant and exterminatc 
tlI6 preceding, less dirergcnt and less improyod ferms. 
I request tho reader to tllrn to the dingram illustrat
ing the fiction, as fermerly explained, ef thcso severnl 
principlcs; aud he will see tllflt the ineritable result 
is tlHlt tho modified descendanl8 llrocecding from one 
progenitor bocome broken up into ~roup8 subordinate 
to grouJlII. In the diagmm each Ictt~r cn tJle uppermOl!!. 
line may represent a geOIlS including several specics; 
ftnd the whele of the genera alcug tbis upper lino form 
together ene class, for aU are descended from cne 1\11_ 

cient parent and, consequently, hal·o inherited some
thing in eommell. But the three genera Oli the lell 
111\nd hnrc, ell tllis same princillle, mllcll ill commen, 
fllI\1 form l\ 8u!,family, distiuct from that including tho 
llCl:t twc genera eli the right hand, which diverged 
frorn II common pafCnt at the fifth BIngo of descent. 
'1'11I)8e fire genera have also much, though less, in 
commcn j and they form a family distinct from Olat 
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inclnding the three genem still farther to the right 
hand, which diverged at n. still earlier period. And 
all Ih<'80 genem, descended from (A), form an onler 
dititinct from the genem descended (rom (1). So that 
we hero ha,'o many species descended from a sing-Ie 
progenitor grouped into genera; and tho genem. ill 
sub-families, families, ami orders, all in one gt'(!at elMS. 
'I'hUB, tho gl"{llJd fnet of the nntural subordination of all 
organic beings in grOIlp!! under group!!, whkh, from its 
familiarity, does not always sufficiently strike us, is in 
my judgment eJ:plaiued. No doubt organic beings, like 
all other objects, cnn be elassed in many ways, either 
artificially by single characlen or more naturally by 
a number of characters. \Ve know, for iDstance, that 
minaMls nnel the elemental aubstanCC8 cun be thus 
arranged; in this case thero is of cour80 no relo.tioll to 
genealogical succession, aud no CfiU80 call at Ilrescllt be 
assigned for tlwir falling into groups. lint with organic 
beings the caso is different, II.nel the view aoonl given ex
plains their natnmlarrangement in group under group ; 
IUld no other e:<planation bas e,'er been attempted. 

Natumlists, as wo ha'l"6 acen, try to arrange the 
species, genera, and families in each class, on wbat is 
called the Natural System. But what is meant by this 
system? SomC' authors look at it merely as R BCheme 
for affllnging together thoso Jil'ing objeet.i which are 
lDost alike, and for separating thOBO which are most 
unliko; or as an artificial means for enunciating, as 
briefly lUI possiblc, general propositions,-that is, by ODO 
scntcnce to gi,'o the characters common, for instancc, to 
all mammals. by "nother those common to all carnivora, 
by another thOBO common to the dog-genu8, and theil, 
by adding a single sentcneC', a full description is giYen 
of each kind of dog. The ingenuity and utility of this 
system are indisputable. But many naturali:;ts tlJink 
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that fIOnJething more is meant. by the Natural System; 
they believe that it reveals the plan of tho Creator; 
but unlC8i! it. be specified whether order in time or 
spaoc, or both, or what else iii meant by the piau of 
the Creator, it !Klems to me that nothing is thus added 
to our knowledgo. Such o;o;pressiolls liS that famous 
one by LinllroulI, and wllich we orton meot with in II. 

more or 1088 concealed form, that tlle chnrnctcre do not 
make the genlls, but that the gOllus giv('S tho ellarnc
ters, seem to imply that something more is included in 
onrdassificatioll than merere!ICmblance. I belie,'o that 
something more is included, and that propinquity of 
dcecenl-tho only known cansa of the similarity of or
ganic beings-is the bond, hiddl1ll as it is by VlU"ious 
degrees of modification, which is partially revooled to 
liS by our c1nssi6cations. 

Let lIS now consider the rules followed in classifi
cation, nnd tho difficulties wllich are encountered. 011 

tho ,-iow IIUlt olassification either ginls SOlll0 unknown 
plrm of ereatioll, or is simply a schemo for ollllllciuting 
b'Cliernl propoe.itiolls and of plncing together Iha forms 
most liko each other. It might hnvo been thought (and 
was in flilcieut times thought) that thoeo parts of the 
structure which determined the habits of life, aud the 

• genera1lliaoe or each being in tho economy of natuTC, 
would be of "ery high importance in classification. 
Xotlling can be more false. No ono regards tho e;o;
tenlal similarity of a mouse to a shrew, of a dugolig 
to a whale, of a whale to a ruh, as of any importance. 
1'hese resemblances, though 80 intimately connected 
with tho wllOle lifo of the being, are ranked as meroly 
"adaptivo or allalogical characters;" but to tho con
sideration of thcso resemblances 11'0 shan recur. It 
limy o'·en be gi"en as a general rule, that tho lCflS nli)' 
part of tho organisation is concerned with special habits, 
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the more importllnt it becomes for classification. As an 
instance: Owen, in speaking of the dugong, MyS, U Tho 
gcncroti,·o organs, being those which are mOfrt remotely 
related to tho habits BDd food of an animal, I haH' 
a11l'sY8 n-gnrdcd fig affording ,-ory elmr indications of 
its tTlie affinities. We are least likely in the modifi
cations of these organs to mistake n merelyadapthoo 
for lUI essential character." With plnnts, how remark
able it is that tho organs of vegcrotion, 011 wlliclt their 
nutrition and lifo depend, arc of little signification; 
whorCtUI tho organs of reproduction, wilh their )Jroduct 
tllo l!e{l(i ami embryo, are of pammount importance! 
So again in formerly discussing mOflJhoiogicnl differences 
which nre not physiologically important., we ha,'c eeen 
that they aro oftcn of the highest service in classifica
tion. This depends on their constancy throughout m(I.Dy 
nllied groupe; (In(l the oonst.o.llcy depcnds chiefly on 
allY slight deYiations of structure in 811Ch parts not 
luwing been llrcserl'cd and nccllluulatoo by natural 
selcction, which acts only on useful chnracters. 

11mt the mcre Jlhysiologieal importanoo of an organ 
does not determine its classificatory value, is almost 
llro,'OO by the fact, that in n1liod groups, in which tho 
sarno organ, 89 \\'0 wH'e el'Cry reason to 8UPpollC, has 
nearly the snme Ilhysiological lllluc, its classificatory 
mlue is widelydifferelll Nonatumlist can have worked 
at any group without being struck with tllia faet; and 
it Iina OOcn fully acknowledged ill the writings of almost 
oyery author. It will suffice to quota tho highcst au
thority, Uobcrt Brown, who, ill speaking of certain 
organs in the Proteacere. says their generic importance, 
"lil.:o that of all tJleir parts, 1I0t only ill this, but, as 
I apprehend, ill eyery llatuml family, is very unequal, 
nud in aome cases seems to be entirely loot." Again, 
in lWothcr work he says, the genem of the Clnnaraccle 

The..;o pi t W f h"rI DArw 1 Onhn ... 



4[;5 

.. differ in having olle or more ovaria, in tho existence 
or absence of albumen, hI the imbricate o~ ,'ah'ular 
reslil'ntion, ~'uJ.y one of these1 characters singly is fre
quently of more tlum generic iUlportanC(', though here 
tl\'en when all taken together they IllJpear insufficient 
to separato Cne8tis from Connarll8." i'o giro an ex
ample amongst iusecta: in ono grei, t division of tho 
Hymenoptera, tho anlennre, Il8 Westwood hll8 remarked, 
aro mOllt COllstant in structure; ill allotllor division they 
differ much, and the differences are of quite subordi
nate ,'a1\1o in classification; yet no 0110 will my that 
the antennro in these t\\'O di"isions of tho sarno order are 
of nnequal physiological importance. Any number of 
instances could be given of the ... arying importance for 
c1aBi!ification of the same important organ within tho 
sarno group of beings. 

Again, no ono will say tllat rudimentary or atrophied 
organs nrc of higll physiological or "ital importance; 
yet, undoubtedly, organs ill tllis condition nre often of 
high ... alue in classification, No one will dispute that 
tho rudimeutary tooth in tho Ilpper jnws of young 
ruminants, and certain rudimentary bones of tllO leg, 
arc Ilighly 8Crviceable iu e,;hibiting the clOllO affinity 
between Huminants and Pachyderms. Robert Brown 
hn!! strongly insisted on the fact that the position or tho 
rudimentary florets is or the highest iUlportanoo in the 
classification of tho Grasses. 

Numerous iustances could be gil'en of characters 
derived from parts which muat bo comridercd of "cry 
t rilling physiological importance, but which arc uni rer
sally ndmittcd as highly serviceablo in tho definit ion of 
wholo group!!, For instance, whether or !lot thero is 
nn open Jlassage from the n06trils to tho mouth, the 
only character, according to Owell, whieh absolutely 
distinguishes fishes and reptiles-tho inflection of the 
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angle of the jaws in Marsupials-the manner in which 
tllo wings of ill8CC18 are folded-mero colour in cer
tain . .ugro-mcre pubescence on parts of tho Hower in 
gl'1l3SC8-the nature of the dermal covering, as hair or 
fCll.tilers, in the Vertebrata. If tho Ornithorhyncbus had 
been co\'crcd with feathers instead of hair, this external 
and trifling character would 1111.1'0 been oollsidcrod by 
naturalists fl8 an important aid in determining tho degree 
of affinity of this strange creature to birds. 

'l'ho importance, fOf classification, of trifling cllllmc~ 
ters, mainly depends on their being correlated with 
1IC\'crol other characters of more or 10M importance. 
1'110 value indeed of an aggregate of characters is vcry 
c\-idcnt in natural history. llenee, AS Iw oneil been 
remarked, a species may depart (rom its aUies in 8Cwral 
chal'oote.1'8, both of high physiological importanoo and 
of ulm08t universRi prc\'alencc, and yet lOMe us in no 
doubt wl!cra it Bhould be mnked. IIenee, also, it has 
been fouml that a e1nsai/icntion fouuded Oil any single 
cimrooter, however important that may be, has always 
failed; for no part of tho organill8tion is invarinblycon_ 
stant.. 'l'he importance of an aggregato of characters, 
even when nOIiO arc important, alone explains the 
nphorism by Linnrous, namely, that tho chnmeters do 
not givo tho genu!!, but the genus giv08 tho characters; 
for this seems founded on au appreciation of maliy 
triHing points of resemblance. too slight to be defined_ 
Certain IJlants. belonging to tho MolJlighiocero, bear 
perfect cmd degmded flowers; in tho latter, us A. de 
JU88icll hM remarked, "tho greater number of tho elm
meters proper to tlle species, to tho geulls, to the family, 
to lho cII\SIl, dillllppear, and thlls laugh at Olir e1nsaifi
ol,lion," But wilen .Aspicarpa llroduccd in :Francc, 
during severol years, only degraded flo"'ers, departing 
110 wonderfully in a number of the most important 
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p<lillbi of structure from the proper type of the onier, 
yct M. Richani sngnciously 8il.W, as Jussien observes, 
toot this genus should still bo retained amongst the 
Unlpighiacero. This case seems to me wcll to illustrate 
the spirit of our classifications. 

rracticnlly, when naturalists nre at work, they do 
not trouble tlleln.sclve8 about the pllysiologienl value 
of the cJUlnI('ters wlii('h they uS{! in defining a group 
or in allocating any particular species. If they find 
a character nenrly uuiform, and common to a. great 
number of forms, and not .common to others, thev 
use it Il8 one of high \'alue; if com ilion to BOrne lesse'r 
number, they use it 118 of subordinate value. This I,rill. 
ciple hIlS been broodly confessed hyaorne naturalists to 
be the true one; aud by none more clearly than by 
that excellent botanist, Aug. St. llilaire. If certain 
characters are always found correlated with othel1!, 
though no apparent bond of connection call be dis
covered bctwoon tllem, especial va.lue is set on them. 
As in most groups of animals. imporiilllt organs, such 
118 those for propelling the blood, or for aerating it, 
or those for propagnting the moe, are found nearly 
uniform, they are collsidered as highly serviceable ill 
c.Ill.88ifiention; but in BOrne groups of anima18 all these, 
the most important vital organs, are found to offer 
characters of quite Buboniinata value. 'l'huB, IlS l~rit7. 
MUlier has lately remarked, in the llama group of cms
taceans, Cypridina is furnished with IL henri, whi6t in 
t,,·o clO8Cly allied gcnern, namely Cypris and C.';tberell, 
there is 110 such organ; one species of Cypridina has 
well·developed brtlnchiOC', Wlli lst another spocies is desti
tute of them. 

"'0 can 800 why charncters derh'od from tho embryo 
should be of equal importance with those derived from 
the adult, for n llatural classification of course includes 
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nil ages. But it is by no mcnll8 obvious, 011 the ordinary 
"jew, WIly tho structure of tho embryo should be more 
import:mt for this purpose than tli/lt of tho adult, which 
alone playa it'\ full pun in the «ouomy ofnaturc. Yet 
it bas been strongly urged by thoeo great naturalists, 
M.iloo Edwarda and Agnaiz, that embryologicnl cha
racters are tho most important of all ; lind this doctrine 
hIlS very gencnllly been admitted as true. No,'cr{]lclcss 
their importance has sometimes been uaggoraled; in 
order to show tbis, Fritz Muller arranged by tho aid 
of Inch characters the greet class of crustaceans, and 
the arrnugt'mcllt did not Pf(WO a natural 0110. But 
tllore can be 110 doubt t1u~t charoctcrs derived from tho 
embryo are generally of tho highest "Rlue, 1I0t only 
with animal, but with plant&. ThUll tho two main 
divisiollJl of ftowering plants are founded on differences 
in the emhryo,-on the number and p<lf'ilion of tile coty. 
ladonll, aud on the mode of c!e\'clopmcnt of tho plumule 
find radicle. Wo shull immediately see why these ellS
racters posse88 80 high a value in classification, namely, 
from the natural system being genealogical in its ar
mngement. 

Our classificatioll!l are on~ plainly iuflnCluXld by 
chains of affinitiC8. Nothing ean be easier than to define 
" number of characters common to all birdll; but in 
tllO CNlC of cmstaceans, sucll definition baa hithcrto 
been found impoBSible. There are erustaceaM at the 
flpposite eoda of the aerie9, wMeh h"'I'"e bardly a cha
raetcr in ('Ommon; yet tho specics at both cnds, from 
being plainly allied to otheN, and these to others, and 
80 onwards, can be recognised lUI unequin)Cally belong
ing to this, and to no other class of the ArticulatiL 

Geographical distribution has often been used, thougb 
perhapa not quite logically, in elassification, more espe
cially ill vcry large group!II of closely allied forms. 
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T~mmil\ck insistB on the utility or even neccesity of 
thi$ practice in certain groups of hirda; and it has 
bt.,.·u followoo by II(weral cntomoiogillU and botanists. 

.Finally, with respect kI the compBrntiv6 value of the 
"nrioul grouptl of species, stich as orden, 8ub-<lroen, 
familiel, lIub-familiCl!, uod genem, thoy 800m to be, at 
]clUlt lit present, almost arbitrnry. 8m'eral of the 
bellt botanists, allch as Ur. Bentham (Iud others,lmve 
strongly ine:istcd 01\ their arbitrary nlue. Instance8 
could 00 given amongst plallla and insecta, of a group 
of Conul, first ranked by practised natnralisu as only a 
gcuue, and then raised to the mnk of a Bub-family or 
family; and IIli8 hM been done, not beeaUIIEI further 
research has detected important structural ditrcn!nce8, 
at fin' o\'criookcd, but becaU90 numerou. allied species, 
with slightly different grades of difference, 111""0 bcf>n 
lubseqllcntly discovered . 

. All the foregoing rules and aids and diflicultics in 
classification nre explaiued. if I do not greatly deceh'o 
myself. on tho view Umt tho Natural t::iysti!1ll is founded 
01) dClC(lnt with modification;-that tho c1mmeters 
which lll1tUrolistil consider as showing truo affinity be
t ween any two or more spades, aro thOle which ham 
been inherited from a common parent, aU true classifi
cation being genealogical ;-that community of descent 
i$ the hidden bond which naturalilrta have boon un
cunseiouilly BOOking. and not some unknown plan of 
creation, or tho enunciation of geneml IJfOl)()8itions, and 
the mero putting togethcr and IlCpnrating objoots more 
or less aliko, 

nllt I must explain my meaning more fnlly, I be
liel'o that the arran!7flment of the gronp. within each 
claas, in duo subordination and relation to each oUlcr, 
must 00 strictly gcneaiogicill in orucr to 00 natural; but 
that the a~n' of difference in the Il(wcrnl branches 
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Or groups, though allied in the samo degree in OIood to 
their common llrogcnitor, may differ greatly, being duo 
to thediffercnt degree! of modification which thoy ha'\"o 
undergone; and this is expI'CS8Cld by the (orms being 
milked under dilTerent genera, fam ilies, sections, or 
orders. Tho rei\dcr will best understand what is meant, 
if lIe will tllke tho trouble to refor to the diagrnm in 
tile fourth chapter. We will suppose the letters A to 
L to repreecnt during tho Sihirilll\ epoch allied genera, 
descended from somo still earlier fonns. In thrcc of 
these genem (A, F. and J) the epeciea IIBYO trnl1~mitted 
modified cleecendant8 to the present day, represented by 
the fifteen genem (al ' to:r;1<) on the uppermost horizontal 
line. Now 1111 these modified descendants from a single 
specie!!, 1\1'6 related in blood or descent to the &lme 
degree; they may metllilborically be called COUllin! to 
the samo millionth degree; yet thoy difTer v,idely and in 
different degrees from eneh other. The forms dcecemled 
from A, 110\' broken up into two or three families. con
stitute a distiuct order frOln those de8C(lndoo from I, 
also broken up into two families. Nor can the el:isting 
specie!, descended from A, be mnked in the same genus 
with the pnrent .A.; or th066 from I, with the porent 1. 
But the cl:isting ~nlls Fl' may be supposed to have 
been but sl ightly modified; and it will thOli rallk with 
the pnrent-~nU8 }'; just as some few still living organ
isms belong to Silurian genera. So that the amount 
or value of tho differellCCll betwccn these organic beings 
which are all related to eneh other in tho samc dcgrro 
in blood, bas como to be widelydiffercnt. Ne,'ertheleS:i 
their genealogical an-angwmuml remains 51rictly true, 
Dot only at the pte8Cllt time, but at eneh succCS8ive 
period of dCflCCnt. All the modifled descendants from 
A will have inherited something in common from their 
common po.rent. as will all the descendants from I; 80 

.IC) Th .. C(")mpiete WOI"k of Charles Darwin 0",," __ _ 
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llill it 00 with each IlUbordino.to branch of descendants, 
Rt each snccessi,-o stage. If, hOll'o,·cr, 11'0 snpJlO8O any 
desccndnnt of A or of I to have been 80 much modified 
Ill! to ha,'e l06t till traces of its parentage, ill thi! case, 
its place in the uatural system wiU likewise be 1061,
as aeems to havo occurred willi BOrne fow existing or
ganisms. AU tho descendants of the genus F, along 
its wholo line of descent, are supposed to have been but 
little modified, and they form 0. single gellllS. Bllt this 
genus. tllough milch isolated, will still occupy its proper 
intermedinte position. Tbis natnral arrallgement is 
sholl-n iu the diagram I1S far lUI is possible on paper,. bllt 
in mlleh too simple 0. manner. If a branching diagram 
hnd not been used, and only the names of tho groups 
lInd been written in u linear aeries, it would bave becn 
still less p<lIIIIiblo to have given 0. natural arrangement; 
and it is notoriollilly not p<lIIIIiblo to represent in 0. series, 
on a flat surface, tbo affinities which 11'0 discover in 
nature amongst tho beings of tllO sarno group. 'rhus, 
on tIle view which I hold, tho natural !ystcm is genea
logical in its arrangement, like a pedigroo; hut tho 
alDount of modification which tho different groups have 
undergone has to bo expressed by ranking them under 
differeut fIO.Cnlled genera, 8ul;familics, families, IIOOtiOns, 
orJel'll, and classes. 

It may be worth while to iIlustrato this viow of 
clfl8Bification, by taking tho case of languages. 1£ wo 
possessed a perfect pedigree or maukind, a genealogi
cal arrangement of tho races of man wonld afford the 
best classificatioll of tho l'arions language! now spoken 
throughout tho world; and if all extinct languagea, nud 
all interlllediate and slowly changing dialects, had to 
be included, IlUch au armngement would be the ollly 
possiblo one. Yet it Illig-lit be that sollie ancient Inn
guage! bnd altered "ery littlo and had gi ren rise to foil' 
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1I0W languages, whilst others had tUtored much owing 
to tIle !!prcading, i80lation and atale of cil'ilisation of 
the 8tn-ernl co-d~nded races, and had thus given rise 
to many now dialects and langunges. Tho mrious 
dcgrcce of difference between tho languages of tho salDO 

stock, woul(1 have to be cl:pressed by groups subordinote 
to groupe; but the proper or CVi!1l only possible arrange
ment would still be genealogical; and thi, would 
be strictly natural, as it woultl connect together all 
langnagcs, cxtinct and recent, by the cioaest affinities, 
sud would gi"o tho filiation and origin of each tongue. 

In confirmation of this view, let us glance at the 
cl8.S8ification of nlrieties, which arc belie\'ed or known 
to be descended from a single species. Theso are 
grouped uuder the species, with tbe sub-varieties under 
the varieties; and in some cases, 811 with domestic 
pigeons, 8C\"eral other grades of differeneo arc requisite. 
Nearly tIll) samo rules are followed 8Jl in elo.ssifyiDg 
BpC<!ies. Authors IUlVe insisted OD the necessity of 
arranging \'arieties on a natural instead of an artificial 
system; wc arC CIlutioned, for instance, not. to class two 
varieties of the lJine-apple together, merely because 
their fruit, though the most important part, happells to 
be nearly identical; no one puts the Swedillh and com
mon lUmilJil together, though the esculent and thickcned 
aroms are 80 similar. Whnte\"cr part. is found to be 
most. 'constant, is used in classing varieties: thus the 
great agriculturist Marshall says the horns arc \"C.ry 
useful for this purpose with catlle, because they are 
less variable than the shape or colour of tho body, &0, ; 
wher0n8 with IIhoop the horns afe much less serviceable, 
because less oonsta.nt·, I n classing varieties, I appre
hend that if we had a real pedigrce, a genealogical 
classification would be uDirersally prcferrod: and it Ims 
been attempted in some cases. }'orwe might feel sure, 
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wllether there had been more or le88 modification, 
the principle of inheritauce would keep the forms 
together which were allied in the greatest numJx.r 
of IJOints. LI tumbler pigeons, though somo of tho BUb
nricties diller in tho important eharacwr of having 
a longer beak, yet all are kept together from Ilavillg 
tho common Ilabit of tumbling j but the short-faced 
brood has nearly or quite lost this habit; ncvertheless, 
wi thout any thought on the subject, theso tumblcrs arc 
kept in the sarno group, becaU/lO nllied in blood and 
.alike in some other I'cspecl& 

With species in a state of nature, every natnralist. has 
in faet brought descent into his classification j for 110 
illcludes ill his lowest grade, tbat of tho species, tbo 
two 8CXesj and how euormously these sometimes differ 
in the most important characters, is known to every 
nnturt\list: llCarcely a single fact can be predicated 
in common of tIlO adult males and llemlaphrodiles of 
certain cirripcdcs, and yet no olle dI'Cllms of scflarnling 
them, .As soon as the three Orehidcan forlllil, Mona
chantlm8, Myo.nthu9, and Calasctum, which had pre
viollsly boon ranked as three distinct genem, were 
known to be 80metimes prodncOO: on the samo plant, 
they were immcdiatelyconsidered as ,'arieties; and IlOW 

I have been ablo to show that tbey are tho male, {emale, 
and hermaphrodite forms of tho samo species, Tho 
naturalist includes as one species the mrioua lnrl'a! 
stages of tho Ba.mo individual, howover much tlwy Illay 
differ from each other and from tho adult, as well as 
t ill' so'called o.llerno.to generations of Steell:;trup, which 
.call only ill a technical sense be considered as tho same 
indh<idual. Ho includes monsters and Ynrieties, not 
from their po.rtial rescmblanoo to the llarent-form, but 
because they are descended from it. 

As descent has unh'ersally been used in cla.ssing 
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to<.;ether the individuals of the fl8me specielJ, tllOugh the 
malea and remales and larvro are sometimes extremely 
different; and as it has been used in classing varieties 
which havo undergone a certain, and sometimes a con
e-iderable amount of modification, may not this fl8me 
clement of descent havo been unconsciously used in. 
grouping erodes uuder genem, and genera IInder higher 
groups, all under the so-called Datura! system ? I believe 
it has been unconsciously usOO; and thus only can 1 un
dcrstaml the several rules and guides which have been 
followed by our best systcmatist& We 1141"0 110 written 
pedigrees; wo have to make out community of descent 
by rellCmblancee of auy kind. Therefore we cllOO6e 
tllOBO characters which, as far as we can judge, are the 
leust likely to have been modified in relation to the 
conditiollS of life to Wllich each species has been recently 
exposc<1. l1udimentAry structures on tllis view are as 
good as, or o,'en sometimes better thrul, other parts of 
the organisation. 'Ve care not ho"" trifling a character 
may be-let it be the mere inflection of tho anglo of 
tho jaw, tho manner in which an iusoot'& wing is folded, 
whether tho akin be co,"erW by hair or feathers-if it 
j)r(wail tllrougllout many and differentapeciCil, especially 
thOlO luwing ,"ery different habita of life, it ll.!8umes 
high "1101110 i for we can accollnt fur ita presenoo in 
so many form8 with such different habits, ollly by 
inheritance from a common parent. Wo may err ill 
this respect iu regard to siugle pointa of structure, but 
when 8<lveml characters, let them be e,"er 80 trifling, 
COIlCllr througllOnt a largo group of bcillgs ha'"ing 
different habits, wo may feel almost sure, Oil tho theory 
of descent, thnt these charocters lln\"o been inherited 
from a common ancestor. And we know that such cor
relak'd or aggregated cbamctcrs ha\'e especinl YBlue in 
clnsaifiention. 



Wo can understand wily (1 species or 0 group of 
lI~ies may depllrl, in several of ita wost important 
characteristics, from ita allies, and yet be I18fdy classed 
with thcm, This may be I18fely donc,and ill often done, 
IlS long as a sufficient. number of characters, let them 
be e,'cr so nnimportant, betrllYs tllO hiddcn bond of com· 
H1nnity of dcaecllt, Let two forms liMO not a single 
chllrllctcr in common, yet if these cxtremc forms arc 
connected togcthcr by a chain of intermedillie grollpS 
wc way at onoo infcr their community of descent, and 
we put them all illtothesame cliLS!J, As we find organs 
of high phyaiological imponanoo-th08C which aer,-e to 
preaen-c life under the most dh-cnIC conditiona of e,;ist· 
encc-o.ro generally tho most constant, wo attach espe
cial valuc to them; but if these I18mc organa, in another 
group or section of a group, arc fouml to differ lUllCh, 
wo at oneo ,-aluo them less ill ollr clCI88ification, "'0 
~1j(\11 presently sco why embryological characters are 
of such Iligli classificatory importunee, Geographical 
distribution mlly sometimes be brought usefully iuto 
pilly in c1tl.8iJillg large genera, because nil the species 
of the aamo genus, inhabiting any didtillct alld isolated 
l1'gion, are ill all probability dcsceuded from tho same 
parents_ 

.AruJogical.Ruemblanees_-Wo can understand, on the 
0.00'-0 ,-jews. tho '-ery important di~tinction between 
rcnl affinities lind IInalogical or adapti,'e resemblances:_ 
L(uuo.rck fiNt clIlled attention to this distinction, o.nd 
he has OO<!n ably followed by )Jacleay and others. Tho 
resemblanco in the shape of tl10 bodyalld in tho fin-like 
nnterior limbs, betweeu the dllgong. which is a po.clly
dennntons IlniUlal, and the whllle, lind betWC('ll both 
thc~e mammals and fishes, is Iluo.logical. Amongst 
insects there are innumerable instancell: thus Linureus, 
rowed by external appearanCC$, actually classed lin 



bomolJwrous insect as 0. moth. ". e 800 something of 
the stune kind c,·cn in our domestic nrieties, fI8 in the 
thickened stems of tile COUlmon and SwC<iish turnip. 
The n!l<'mblance of tbe greyhound and ro.ccliorse is 
hardly moro fanciful than tho analogies which h/lYO 

been drawn by somc authol'll betwccn widely distinct 
animals. On my viow of clmmetcl'll being of real im
portance for classification, only in 80 far as tlley royeal 
deaceu!, wo can clearly understand why analogical or 
ooapti,·o characters, although of the utmost importance 
to the welfare of the being, are almost valuclea to the 
systematists.. :For anilnals, belonging to two most. dis
tinct lines of descent, may readily ha'·e become adapted 
to similar conditions, and thilll have assumed a close 
external resemblance; but such resemblances will llot 
revcal-will rather tend to conceal their blood· relation-
811ip. We cau thilll also understand tho apparent pam
dOI, that tho very same cllll.rnctcrs nre nnnlogical wilen 
ouo class or 0110 ordcr is compared with auotlwr, but 
give true allinities whell the mcmbers of tho same clllSS 
or order are compared together: thus, the shape of the 
body and fln·like limbs are ouly analogical when whales 
are compared with fishes, being adaptations in both 
classes for swimming through the water; but tbe 
shape of the body and fin-like limbs aen·e fI8 ella
meters exhibiting true affinity betwccn the severnl 
members of the whale family; for these cetaceans agree 
in &0 mnny characters, great and small, that we enuuot 
doubt that tbey llave inherited their general shape of 
body Ilnd structure of limhll from n common ancestor. 
So it is with fisha 

'l'ho Illost remarkable case of analogical r<'scmblanoo 
ever recorded, though lIOt dependcnt on adaptation to 
similar oonditious of lifc, is thatgil·cn by Mr. &tcswith 
respect to certain butterflies in tho Amazonian region 
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clO6ely mimicking other kiuds. This excellent obtlem'r 
8110"s that in a district wbere, for instance, an Ithomia 
abonuds in gaudy swarms, anotber butterfly, namely, n 
Lcpmlis, is often found mingled ill the &Ul1e flock, and 
1IO clO&Cly resembles the Ithomia in on~ry shade and 
stripe of colour and even in the sbape of its wings, tbat 
Mr. Bate8, with his eyes sharpened by collectiug during 
cleven years, was, though always on Ilis guard, coulillu~ 
ally decei\·cd. When the mockers and the mocked are 
caught and compared they are found to 00 totally 
different in essential structure, aud to belong uot olily 
to distinct genera, but often to distinct families. lind 
this mimicry occurred in only one or two instau~ 
it might ham been passOO. m·eraa a IJlrange coincidenC('. 
liut, if we proceed from a district where one Leptnlis 
imitates all Ithomia, another mocking and mocked 
species belongiug to the sarno genera., equally clO6C ill 
their resemblance, will be found. Altogether no lei'S 
tlum tell genem are enumerated, wllieh include species 
that imitate otber butterflies. The mockers and mocketL 
always inhabit tho same region; we ne\·cr find an imi. 
tator li,·illg remoto from the fonn which it imitates. 
The mockers are almost in\'ariably rare iU8eCts; the 
mocked in almost e,·ery case abound in R""anns. III 
the sarno district in which a species of Leptalis closdy 
imitates an Itbomia, there are lIOmelimes other Lepidop. 
tern mimicking the samo Ithomin; IJO that in the snmo 
place, species of three genem of butterflies and e\·en 
a moth are found all closely resembling a butterfly 00.. 
longing to a fourth genus. It deserves especial notiee 
thnt mnny of the mimicking forms of tho Leptalis, 
DlI well B8 of the mimicked forms, can be showll by 
Il. gmdunted aeries to be merely '·ll.ricu('8 of the same 
spc.:ies; whilst others are undoubtedly distinct species.. 
liut why, it may be DlIked, are certain fonnR treated nR 
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tho mimicked ftudotbers as the mimiekers? iUr. Bates 
Ilat~rllCtorily BIlSWCI'1I this question, by .howing tbat the 
form which i. imitated keeps the usual dress of tile 
group to which it belongs. whilst the countf!rfciters 
hp,yo changed their dress ami do not resemble their 
ncareetallics. 

We are next led to inquire wlmt rOMOlI can possibly 
be llSSiglloo for certain butterflies and moths so often 
lUIS"lun illg tho dress of Iluother aud quito distinct form; 
why, to the perplexity of naturalists, has nature conde
M!'Cndcd to tbo tricka of tho stage? Mr. Bates hllB, 
no doubt, ltit on the true uplsllstion. 1'he mocked 
(enllS, which nllmy! abound in Illimbel'l, must habitu
ally ClJC8llC destruction to a large CJ.:tCllt, otlJi,rwiso they 
could Ilot exist in such swurlllS; and ~lr. &tes Jl(J\'cr 
IlUW tllCm llreyed on by birds and certain largo insects 
which attack oUlor butterflies. He hn8 good reason to 
bclioyo tlillt tllis immunity is owing to II pooulillr ruJd 
ofrensiro odour which thoycmit, '1'ho mocking forms, 
on tbo otller hand, that inllllbit tho SIImo district, are 
compllrati,'cly rare, and belong to rare groupe; bellcc 
thoy mUst suffer hllbitually from some dllnger, for otber
wise, from the number of eggs lnid by all butterflies, 
they would in tbree or four gelwrations swarm o'l'"er tho 
wholo country. Now if a. member of ono of these per
f;(!Cuted and rare groups were to assumo a dress so like 
that of a well-proteeted species that it coutiuullily 
deceived tho IJractised eyes of all entomologist, it wonld 
often Gooeh'o predacious birds nnd insects, and thus 
esenpo much destruction. Ur. &t(,8 rnllY ahn08t be 
slIid to hlll-o actually witnessed tho proce8ll by which 
tho mimickel"8 han~ como 80 closely to resemblo the 
mimicked; for he found 111llt some of tho forms of 
Leptalis which mimic 80 many other butterfli~ varied 
in all c:s:treme degree_ In one district scl-eral mrieties 
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occurred, and of these one alone resembled to a ocrtain 
extent, the rommOIl Ithomia of the some district. I n 
another diiltriet there were t1l"0 or three varieties, one of 
which was much commoner than tho otherll, and this 
('Ioscly rn()('kcd another form of I{homin. }'rom facts 
of this nature, Mr. Bates concludes that the Leptnlis 
flrst varies; amI when a variety happells to resemble 
in some degreo any common butterfly inhabiting the 
Silmo district, this variety, from its resemblauco to 
a Houriahiug aud little-persecuted kind, 11M a better 
chanco of CllCaI)ing destruction from l)rodaciou8 birds 
and insects, and iil consequently oftener prcscr.ed;
"tho less perfect degrees of rescmblanoo being genera
tion after generation eliminated, and only the others 
left to propagate their kind." So that here we have an 
exoclieutiUu.stration ofuaturalselection. 

Ur, Wallaoo hM recently described aeveral equally 
striking CflS('S of mimicry in tho L>pidoptom of tho 
Aralay Archipelago, and other instances could be gi\'cn 
withotheronlers of insects. 11[r.WalIo.oohasaJsodc
scribed ono case of mimicry amongst binls, but we have 
no sueh eR80a with tho larger quadrupeds. The much 
greater frequoncy of mimicry with ill80Cts than with 
other anilnnls. is probably the oon8equenoo of their smaU 
si1,c; il180Cts cannot defend themselves, excepting indeed 
the kinds that sting, and I b!l.\"o nC\'er heard of an in
stance of those mocking other in~ts, t1lOugb they are 
m()('kcd; insects cannot escape by flight from the larger 
animals; henco they are reduced, liko most weak crea
tures, to trickery and dissimnlation. 

Bnt to return to more ordillaryea8Cs of nnalogical 
resemblallCO: as mcmbers of disiinct c1nssea havo oftell 
been adapted by suecessiyo slight modifications to li\'e 
under nearly similar circumstallccs.-to inhabit, for in
stanCt', tbo throo elements of land, air, and water,-we 
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can perhaps understand bow it is thnt a numerical paral
leligm has 8Omctime& been ob8en'ed bctwoon tiiO sub
groups in di.rtinct classes. A naturalist, struck by a 
parallelism of this nature in any ono clll88, by arbitrarily 
raising or sinking tbe ,'aille of tho groupe in other 
dasses (and all our experiencc SIIOWS that tlJ(~ir "nIDa
tion is. as yet arbitrary), could onsi!), extend tho paral
lelism OVOI:' a wide range; Ilnd thlls tho septenary. 
quinary, quawrnary, and t(lrnnry classificatiolls have 
probablyarisen. 

0,. th, Natur6 of 1M Affiniliet conn«ting Organic 
lkings._M tho modified descendAnts of dominant 
IIpecies, belonging to the larger genera, tend to inherit 
the advantages which made tho groupB to whidl they 
belong large and their parents dominant, they are 
almost sure to spread widely, and to ache 011 more and 
lUore places in the eccnomy of nature. 1'be larger and 
morc dominnnt groupe within each c1 C181!1 tlllls tend to go 
on increasing in Si7.(l; and they consequ!!ntly lIupplant 
many smaller and feebler groups. 1'hus wo enn account 
fur tIlO fact tlult aU organisms, TeC<:llt and extinct, are 
included under a few great orders, and under still fower 
c1a58C8. As dlowing how fe,,· tho higher groups are in 
number, and llow widely they are Iprood throughout 
tho world, tho fact is striking, that tllo w!IOO\'ery of 
Australia hall not added an inllCCt belonging to a new 
class; and that in the "egetablo kingdom, as I learn 
from Dr.l1ooker, it has added only two or three families 
ofsma118izo. 

In tho chapter on Geological SUOOC88ion I attemptoo 
to show, on tho prineilllo of eneh group having generally 
diverged much in charneter during tho long-continuoo 
llf0008S of modification, how it is that tho more ancient 
forms of lifo often present characten in IIOmo degree 
intermediate between existing groupe. Somo fow of 
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th('!10 old and intermediate (orms hoxing transmitted 
to tllc present day dtsOOndanls bnt littlc modified, con
stitute our so-ealled osculant or aberrant spe<:ies. The 
1Il0re aberrant any ronn is, the greater must be the 
number of connf'Cting forms which have been extermi
nntC(i and utterly 10111. And " '0 illl.'·o somo evidcnce of 
aberrant groups having suffcred 8c"crely (rom (!Xtinc
tiou, for they are almost always represented by ex
tremely few species j and such spccies as do occur are 
generally Yery distinct from cach other, which Il.a"tlin 
implies extinction. The genera Ornithorhynchus and 
Lcpidosiren, for example, would not Ililoro ~n leSll 
nUcrrant llad eaeh boon rcpreacnted by a dozen species 
instead of by a singlo one, or by onc or two. Wo Can, 
I think, account (or this fact only by looking at aber
mnt groupe Il.8 fonne which ha"O been conqucred by 
more successful competitors. with 1\ few members still 
I)reserved under uuu8unlly fa"ourablo conditions. 

Mr. Waterhouse hM remarked tliat, when a member 
belonging to ono group of animals exhibits an afliuity 
to a quite distinct group, this affinity in most CIl.gell is 
general and not special: thus, accordiug to Mr. " rater
house, of all Rodenls, the bizcachais moo nesrly related 
to Marsupials j hut ii, tho points in which it apllroocllt:'s 
thig order, ita relatiolls are general, and not to any ono 
lUnrsupial species morc than to another. AJJ tho points 
of affinity are believed to be real and not merely t\da~ 
live, they mugt be duo in accordance with our view 
to inheritance (rom 0. common progenitor. 'fherefore 
we must suppoao either that alllWdents, including tho 
bi~cacha. branched off (rom some ancieut Manillpial, 
wllich will naturally hl1\·o heen more or less intermediato 
in character with respect to all existing Marsupials j or 
that both Rodents and )Iarsupiaia brauched off from a 
common progenitor, and that both groups ha,'O since 
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undergone much modification in diwrgellt directions. 
On either "iell' we must suppose that tllO bizeacha IUlS 
retained, by inheritance, more of tho eharackr of its 
Illieicnt progenitor than have other Rodents; and 
therefore it lI'ilI not be specially related to anyone 
existing Unrsllpial, but indirectly to all jJr nearly all 
UIlr811pill.ls, from having parliallyretaincd tlU:l character 
of their common progenitor, or of some early mcmu.:,r 
of tho SWill). On the other haud, of all l'IIlll'8upials, as 
Mr. Waterhouse has remarked, tho Phnaooiomys re. 
sembles most nearly, 1I0t any ono species, Lut tho 
genoml order of Rodents. In tbis efI8C. howc'fcr, it 
mny be strongl:v suspected Illat the resemblance is only 
analogical, owing to the Phaaoolomys having berome 
8(lnptro to habita like those of a Rodent The elder 
Dc Candolla luUl made nearly similar observations on 
tho genoml nature of the affinities of distinct families 
ofpll\nill. 

On the I)rincillie of tho mnltiplication filld gradual 
divcrgence ill clmrncter of the species dcscended from 
a common progenitor, together with tlwir retention by 
inheritance of 80me characters in common, weeal! under-. 
Sland tho eXOC8iIh-ely comillex and radinting affinities 
by which nlI the members of tllO sarno family or higher 
group Me connected together_ For tho oommon pro
genitor of a whole family, now broken Ill' by cxtinction 
into distinct groups and IiUb-groUp8, "ill bare trans-
mitte<l 8Omo of its characters, modified in \'arious wars 
and dcgrocs, to all the species; and they will oons'c
qllcntly be reluted to each other by circuitous lines of 
affinity of varioulIlcngths (as may be seen in the diagram 
80 oftcu referred to), mounting up through Illany pre
dece8!lOnI. As it is difficult to !lbow tho blood·relation. 
sllip between the numerous kindred of any ancient and 
noble family even by tho aid of a genealogical tree, and 
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almost iml)()8Sible to do 110 without this aid, we can 
uoo('l1Itnnd the extraordinary difficultr which naturalists 
havo expericnced in describing. without tho aid of 
a dillo"l1l.n1, tho ,·mriollS uffinitics which they l)(leech·c 
betweeu tho many living :lUd extinct mcmbers of the 
samogTeatnaturalclass. 

Extilletion,M wo ha'·e seen ill tho fourth c1Jnlltcr, 
lU18 played all important part in defin ing aud widening 
tho interl'als betwccu the severol groups ill CIl.eh c11l.S8. 
"te IDay thUB accouut for tile distillctue8il of whole 
c1il.S1!e8 from each other-for instnn(l(', of birds from 
all other vertebrate animal&--by tho belicf that Illany 
anciellt forlll8 of life It/l''o been utterly 1081, through 
which the early Ilrogenitors of bird! wcro fonnerly cou
nected with tho early llrogenitors of the other and 
at that time lCM differentiated "ertebrato c111!SCS. 
'£here hll8 boon IClIS eempleto extinction of tho forms 
of lifo which onoo COlllle(.1cd fislle8 witll be.l rnchians. 
Thero hae been slill less ill IIOmo other classes, 118 with 
tho Cnlst4cca, for llero tho most wonderfully divcrse 
forms are still linked togelher by Il long and ollly par
tially broken ebain of affinities. Extinction has only 
separated tho groups: it hll8 by no IllCll.IlS made them; 
for if o\'ery form whieb has ever lived on this earth 
were mddenly to reappear, though it would be quitl" 
impossiblo to gi,'o definitions by which each group (.'oulJ 
be distinguished, still a natural cln.ss:ificatiou, or at ICMt 
a Ilaturnl arraugement, would be JlO8Sible, Wo shall 
see this by turning to tho diagram: the lotkrs, A to L, 
may represent eleven Silnrinn gcnenl. 801M of whicll 
ho.\'o llrodueed largo groups of modified descendauts, 
with o\'ery link ill each branch and BIlb-branch still 
ali\'o; aud tho links not greater than those between 
tho finest "arieti08. In this case it would be quite 
imp088iblo to give definitions by which tho se,'eml 
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mcmbel'1l of the Be\'eral groupe could be di.otinguished 
from their more immediate parents and dceoclidants. 
Yet tho arrangement in tho di"o"l'llm would still hold 
good and I,ould be natural; for, on the principle of 
inheritance, all the forms descended. for instance, from 
A. would ha\"c something in common. In II treo we 
cnn distiuguish this or that branch, though at tho Minai 
fork tllO two uuite and blend together. Wo could not, 
ns I lIMO said, defino tho 8C\"ernl groups; bUI we could 
pick out ty~, or fonns, representing moet of the ch.n
mown of each group, whether largo or small, and tllu3 
give a geneml idea of tho \'Uluo or the differelloetl be
twoon them. This is wh.nt we alionld be driven to, if 
wo were (Wer to l!Ueceed ill collecting all tho fomls in 
anyone eJWi8 which have lived throughout all lime aud 
space. Assuredly we shall nover suocood in makiug 80 
perfeet a collection: nevertheless, in ccrtain classes, we 
are tending towards this end; and l\[jJno Edwards has 
lately illsisted, in au able paper, Oil tllO high importanro 
of looking to typos, whether or not wo can acparate nnd 
define til(! groups to which such types belong. 

Finally, we IUl.\'e seen tlmt natural acleetion, which 
retllilts from tho struggle for existence, and wllicll almost 
inel'itnbly leads to extinction and di"ergenoo of chao 
racter in the descendants from onc domillant parent· 
species, aplains th.nt great and univCJ'SIII feature in the 
aI1initiCfl o£ all organic beings, namely, their suboniina· 
tion in group under group. We nse the element of 
descent in c11\8Bing tllo illdividuals o£ both sexes and 
or nil ages under ono species, although thoy may havo 
but fow chamctel'9 in commen; wo 11SO descent ill class· 
ing ncknowlooged Yarieties, bowever different they may 
be £rom their parent; and I believo thifl element of 
d~nt is the hidden bond of counexion which natu· 
ralistll ha\'e lIOught nnder the term o£ the Natural 

© The Comolete Work of Charles DoIIWlIl L.. ..e 



(;IW', xm, AFFl~'TIES COSNEt'TINO ORGANIC DEINGS. 515 

System, On this idea of the natural system being, in 
80 far lUI it bas boon perfected, genenlogienl in it!! 
arrangement, with the grades of difference exp~d 
by the wnns gcnem, families, orders, &c" we ean under
stand the niles wllicb we are comllCiled to follow in our 
classification. ,Ye can understAnd why we value ecrtain 
resemblances far more than others; why we use r\l(li· 
mentary and usele!18 organs, or others of trifling physio· 
logical importance; why, in finding the relations ~ 
tween 0110 group and another, wo summarily reject 
analogical or adaptive chamctcrs, and yet use the same 
characters within the limits of tho same group. W e can 
dearly see how it is that all living and extinct forills 
can be grollpe<\ together within a few great classes; and 
how the several members of each class lire connected 
together by the most complex and radiating lines of 
affinities. We sllllll never, pmoobly, disentanglo the 
inextricable web of the affinities between the members 
of any Olle class; but wben we have n. distinct object 
in 'dew, and do not look to seme unknown plan of crea
tion, we may hope to make sure but slow progress. 

Professor Hii.ckcl in his' Gcnerelle MorpllOlogie' and 
in sevoral other works. hlUl rcoolltly brought his great 
knowledge and abilities to bear on what he calla phy· 
logeny, or the lillcs of descent of all organic beingtt. 
In drawing up tha B(lvera.l series ho trusts chiefly to 
embryological characters, but dmwB aid from homo
logous and rudimentary organs, as well as from the 
suecessivo periods at which the "arious (onns of lifo 
first appeared in our geological lorruntions. Ho lIas 
thus bol(Uy made a great beginning, and shows U9 how 
dWficatiou will in tile futuro be treate<l 
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"to lun'c &Cen that the members of tho IInlnC class. 
independently of their hAbits of lire, n!@Cmbie each 
other in tho gencrnl plan of their organiSAtion. This 
resemblance is often c:I;pressed by tho term" unity of 
typo;" Or by sayiog that the severnl ports and organs 
in tho different species of tho class are llolnologous. 
Tho whole subjcct is included under the geneml term 
of Morphology. This is tho moet interesting depart
ment of natural ilistory. and may be said to be its "cry 
soul. What enn be more curiolls than tlillt tlle hand of 
a man, formed for grasping, that of n mole fOl'digging, 
tho leg of the hoJ'8e, the paddle of the porpoise, aJl(} 
the wing of the bot, should all be constnlcted Olt 
tho samo pottcm, lind should include similar bonos, 
in the snme relnti\'o positions? Gooffroy St. Hilaire 
lIl\8 insbted strongly on tho high importance of relativo 
position or cOlluexioll in 1lomoiogollS parts; they may 
diffcr to almost any extent ill form and siU', and yet 
will remain connected together ill tho samo invariable 
order. We newr tiud, for instance, Iho bonos of the 
arm and forearm, or of the thigh and leg, trnll!lposed. 
Henoo the same names can be gi"en to tIle homologous 
bones ill widely different animals. We 800 tllo same 
great law in the construction of the mouth. of insecta: 
whllt can be lUore different tOOn the immensely long 
8piral proboscis of a sphinx-moth, the cnrioll8 folded 
one of a bee or bug, and tho great jnws of Il beetlo?
yet nil these organs, sen-ing for such widely different 
11IJr}Xl6<'S, arc formed by infinitdy numerous modifica. 
tions of au upper lip, mandibles, and two pairs of 
mll.XilIro. The SIlme law gu\-erns tho collstruction of 
tho mouthB and limbs of crustaceans. So it is with the 
flowers of plants. 



Nothing call be more hopelcss than to altcJnpt to 
c.xplain thia similarity of pattern iu memberg of the 
same clll.8!J, by utility or by the doctrine of final Cil.\U1C8.. 

Tho hopelelJ8ness of the attempt h8.!l been aprcssly 
admitted by Owen in his most interesting work on the 
'Nature of Limbs.' On the ordinary view of the inde
pendent creation of each being, we can only My that 80 
it is j-tllat it has pleased the Creator to construct all 
the animaia and plall18 ill eacll great clllSil 011 II. uniform 
plnn; hut this is not 8. scientific explanation. 

~'he explanation is mnnifest. aooon1ing to the tllOOry 
of the aclcetion of sncceBSh'e slight mooiflcations,--cach 
modification being profitable in aome Wily to the modi
fied form, but often affecting by correlntion other parts 
of the organisation. In changes of thi.~ nature, there 
will be litt le or no tendency to alter tho original 
patteru, or to transpose the parts. The bones of a limb 
might be shortened and flattened to any extent, bocom
Ulg Ilt the same time enveloped in thick membrane, so 
as to servo as a fin; or II. webbed hand might hAvo 11.11 
jtJ! bonCfl, or certain ooue8, lengthened to any extent, 
with tile membrane connecting them incrooaed, /JO as to 
sen"o 88 a wing; yet all this modification would not tend 
to alter tho fnunework of the bones or tho relath"e con
ncxiOIl or the parts. 1£ we IlUpp08e that an early pro
genitor,-tho archetype as it may be called,---of all 
mammals, had its limbs constructed on tile cxisting 
general pattern, for whatever IJllrpose they acrved, we 
can at once perceive the plain signifiClitioll of the homo
lo<,,;'oull construction of the limbs throughout the closs. 
So with tho mouths of insects, we hM'e only to suppose 
that thcir common progenitor hnd nn upper lip. mnu
dibles, nnd two pair of mRxillre, thC86 parti! being per
hllps ,·cry simple in form j and then natuml selection 
will acoount for the infinite direr&ity in the IItructure 
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and functions of tho mouths of insecta. KClerthcless, 
it is oonccinhlo that tho gencral pattern of au organ 
might become 80 much obscured 88 to be finallyl09t, by 
the reduction and ultimatdy by tho complete abortion 
of certain parts, by the fusion of other parts, and by tho 
doubling or multiplication of otherg,-l'sriatioll9 which 
we l"1loW to be within the limiu of pOl8ibility. lIt tho 
paddles of the gigantic cxtinct sea-li:.mnls, and ill the 
mouths of certain mclorial crustaceans, the general 
pattern BeeItl.9 thus to ha,o boon partially obscured. 

Thero is another and equAlly eurioU9 branch of our 
present subject; namely, tho comparison not of tllo 
SlUUO parts or organs in different members of tho same 
class, but of the different purlI or organs in tho Bamo 
individual. MOI!t llbysiologists beliove that tho boues 
of tho Ilkull are homologous with-that ia. correspond 
in number sud ill relative couuexiou witb-the cle
mental parts of a certain lIumber of vcrtcbne. '1'11e 
anterior !lnd posterior limbR in all tho higher ,-ertobmte 
classes are plainly homologous. So it is with the won
derfully complex jaws and legs of crustaceans_ It is 
familiar to almost. overy oue, that in a flower tho rela
ti,-o poe.ition of the sepals, petals, stnmens, aud IJistiis, 
as well lUI their iutimate structure, nro intelligiblo on 
the vicw that thoy consist or metamoq)hosed let\vl'8, 
arranged in a spire. In monstrous plantll, we oncn get 
direct evidenoo of the poIlBibility of one organ being 
tmnsfonncd into another; and we can actually 800, during: 
the early or embryonic 61~<J(!fI of de,'elopmeut in flowers. 
88 well 88 in CrustaceaTUI acd many olllcr animals, that 
org-auB, which when mature become extremely different, 
arc at firstex.actly alike. 

How inexplicable are thcso facti 011 the ordinary 
view or creation I Why should the brain he enclosed 
in a box composed of such llumeroUfl and mch extrnor· 
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dinarily 8haped picces of bone? .As Oweu has re
markoo, the benefit deri\"ed from tho yielding of the 
separate ,pieces in the act of parturition of mammals, 
will by no mooIUI explain the same construction in the 
8kulls of birds and reptiles. Why should similar bones 
havo beeu created to form the wing and tho leg of a bat, 
used as they are for such totally different purposes? Why 
should ono crustacean, whichho.s an extremely complex 
mouth formed of Illany lJarts, consequently always hU\"e 
fewer legs; or conversely, those with many legs ha,'O 
simpler mouths? 'Yhy should tho sepals, petals, sla
mens, and llistib, in each flower, though fitted for 8nch 
widely different purposes, be all COllstructed on the sarno 
pattern? 

On the thcory ef natural selection, wo cou answer 
these qucstions. In the Yertebrata, we 8CO a series of 
internal \'ertcbno bearing certain pl"OCCSSC8; in the arti
culata, the body d iYidcd into a series of segments, bear
ing edemal appendages; and in flowering plants, spiral 
whorls of leavcs. An indefinite repetition of tho samo 
pan. or organ is the common characteristic, (L8 Owen 
hilS obaen"ed, of all low or little modified fOflIUl; tllerc
fore the lluknoWll llrogenitor of the "ertebrata no doubt 
llOil8Csscd many yertebrre; the unknown progenitor of 
lhe articulata, many segments; and tho unknown p~ 
genitor of flowering plants, many lea,·cs IllTUllgcd in 
one or more spires. ' Ve llaye fonnerly 8eem that llarts 
Illany tirnet! repeated are emincntly liablo to ,"ary in 
Ilumber And 8tructllre. Consequently auell pnrts being 
nlready JlN!8Cnt, nnd being higilly \"nriablc, would afford 
the matcriala for adaptation to lhe most difftlrent pur
)lOilCfl; and they would gencmlly rctnin through the 
force of inhcritanee pltdn traces of their orib';ual or fun. 
dalllcntall"CllCmblance. 

In the great class of molluscs, thougb it can eMily be 
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Bllo"-n Hlat tho parts in distiuet species nre homologous. 
but few IK!rinl homologies can be indicated; that is, we 
Ill'O Beldom enabled to say dint ono pnrt is homologoml 
with another part in the sarno individual. A __ ud we can 
uuderstand tllis fact; (or in mollll8C8, e\--en in tho lowost 
mombers of tile class, we do uot find nearly 80 much in· 
definite repetition of (llIyono part, as lI"e find in tllOother 
great ela8l!Cll of tho anima.! and vl'gctablo kingdoms. 

Xaturnlislll frcqueutly speak of the skull as formed of 
metamorphosed ,·ertebrro; tIle jaws of crnbs 1\8 meta· 
morpllosro 11'gB; the stamens and Ilistils in flowers 
os meuullorphORed leaves; but it weul(1 ill InOiit cases 
probably be more correct, as ProfC880r Huxley has 
remarked, to f!p6ak of both skull nnd vertebrre. both 
jaw1I1I1Id lega, &e., lIS baving been metamorphosed, not 
ono (rom the other. as they 1I0W exist, bllt from somo 
common and aiulpler element. Moat naturalists. how· 
(j'·cr, use such langnage only in a metaphorical sense; 
they Ilrc far from meaning that during a long course of 
descent, primordial orgaus of any kind-vertebrro in 
tho 0110 case and legs in tho other-ha,·o actually bccll 
ooll,'ertcd into skulls or jawli. Yet 80 strong is the ap
pearaneo of this having occnrred. that Ilatnmlista can 
hardly avoid employing language having this plain 
~j{;J\ifieation. According to the view! hero maintained, 
wch Illngllago may be used literally; aud tho wonderful 
fact. of tllo jaws, for instance. or a crab retaining lIume
rous characters, which they probably woulel IH\\--o ro. 
tained through inheritance, if they had really beeu 
luetamorph08Cd from true though extremely simplo 
legs, is explained. 

Det'elopmem alld EmbryoloflY. 

This is ouo of the most important subjects ill tho 
whole round of natural history. l'ho metamorphoses of 
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inMlCU, with which every ono is familiar, are generally 
efft:eted abruptly by a few sta..<>es; but the tmnsformn
tiOll5 ate in reality numerous and gradual, tl,ough con
cooled. A certain ephemeronll insect (ChI3eon) during 
ita dOI'olopmellt, moults. as shown by Sir J. Lubbock, 
nixwo twonty times, and each t imo undergoes a certain 
amount of change; Ilnd in this case wo 800 tho act of 
metamorphosis performed in Il primary nud gradual 
manner. jUany insecfg, and especially certain crusta
ceans, IIhow us what wonderfnl changes of structure cau 
be effceted during development. Such changes, how
ever, reach their climax in the so-called alternate genera
tions or 801110 of the lowor animal&. It is, ror instance. 
1m astonishing fact that a delicato branching coral
line, studded with polypi and attached to a submariue 
rock, should produce, first by budding and then 
by tranSVerse division, a host of huge flooting jelly
fishes; nnd that these should produce eggs, rrom 
wllicll are hntcll(.'(i swimming ll1limnlculcs, which attach 
thomscli'C8 to rocks and become deveioj)O(1 into branch
illg comlliuC8; aud 80 on in an endless cyclo. 'I'he 
belier in the C88Clltial identity of the process of alternate 
generation aud or ordinary metamorphosis has lM!en 
greatly strengthened by Wn.,"'1ler's discol'cry of tho Jarm 
or mllggot of a fly, namely the Cecidomyia, producing 
a..-e:s;ually other and similar lan-f('. 

It has already been stated that mrious parts nnd 
organs in tho &lmo individual aro exactly like each 
other dllring an early embryonic period, Lut in tho 
adult state OOcome widcly different and SCrl'O for widely 
different llurpoecs. So ngain it has been stated tJlnt tho 
embryos of tho most distinct species within tllo &lmo 
cllWl are generally closely similar, but become when 
fully dOl-eloped widely dissimilar. .A. better proof of 
this Inlier fuct cannot be gh'cn thnn that by Von &Or, 
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namely. that" tile embryos of mammalia, of birds. 
lizards, ami snakes. probably 11.00 of chelonitl, are in their 
oorlicst states exceedingly liko ouo another, OOU\ as a 
wholo and in tho mode of del'elollmont of their parts; 
80 much 80, ill fact, that we can orten distinguish tho 
embryOll only by their size. III my po88CS8ion are two 
little embryos in spirit, WhOBe names I l!fIve omitted to 
flttach, lIud at present I am quito unable to say to what. 
class they belong. They may be lizards or small birds. 
or "cry young mammalia, so complete is the similarity 
in the mode of formation of the hcad aud trunk ill thclI6 
/ULimals. 'l'he extremities, howovor, liro still absent in 
these embryos. But Ol'en if they had exi~ted in tho 
earliest stage of their do,'elopment wo sbould learn 
nothing, for tho feet of lizards and mammals, tho wiugs 
and feet of birds, no 1088 than tho IltUlds and feet of 
man, all arise from the same fundamental form." Tho 
vermifonn Inn'm of moths, flics, beetlee, &0" generally 
resemblo each otller much more closely thall do the 
mature insoots; but in these CI18C8 the cmbryos are 
ncti\'c, and from having been adallted for speeiallines 
of life sometimes differ much from each other. A tmoo 
of the law of embryonic resemblallCO OCCIlJIionally la:;ts 
till n mther Jate age: thus birds of the same genus, aud 
of c1o.;cly allied genera, often resemble each otJler in 
thcir illlmature lliumage; as we 800 in the 8potted 
feathers in the young of tho thrush group. lu the cat 
tribe, most of the species am striped or 8potted inlillei!; 
Ilnd Btripes or spots call be plainly distinguished ill the 
WllClp of the Iiolt Ilnd the puma, We occasionally 
though rarely see something of tlli.!! kind ill IJlo.nu>; 
thus the first leaves of the ulex or fu~, and the first 
lea.ves of the phyllodinoollil acacill8, are pinnate or 
divided like the ordinary lea\'es of the Ipgulllil108re, 

'rhe point3 of structure, in which the embryos of 
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lIidely different animab within the sarno c1088 reaemble 
l<ach other, often have no direct relation to their condi
tiODS of existence. We cannot, for iust/wee, aU]Jpose 

that in tho cmbryOH of the vertebrata tho peculiar loop
liko eourf1C8 or tho arteries near tho bronchial slits are 
rclnted to aimilnr conditions,-in tho young mnmmal 
which is uourished ill the womb of ita mother, ill the 
egg of tho bird which is hatched in a nest, and iu tho 
spnwn of a frog under water. " '0 IlaYO no moro reason 
to bdio\'o in sueh a relation, tllO.1} wo have to l>clic\·o 
that the similar bones in tho hand of a mau, wing of a 
hat. and fin ofa porpoise, are related to similar condiliolU 
of life. No one supposes that the stripes on the whelp 
of Il lion, or tliO spots on the yOllllgblackbird,areof use 
to these animals. 

Tho case, however, is different when an animal during 
nny part of ita embryonic career is active, and 11(1.8 t() 
llro\' ilie for itself. 'i'he period of actiyity may come on 
earlier or later ill lifo; but wheno\'er it oomcs on, tho 
ndnlllfltioll of tho larva to its conditions of lifo is just as 
pcrfoct and lUI beautiful as in tho adult animal. ln how 
imporlflnt a manner this haa acted, haa recently hoen 
well shown by Sir J . Lubbock in hill remarks on the 
dose similarity of the lar,w of BOmo insects belonging 
to very different orders, and on lhe dissimilarity of tho 
Inrvro of other iutlocta withiu tllo same order. acconling 
to their Imbita of life. }~rom slieh adaptations, cspeci
filly when thoy imply a di\<ision of it\l.x)Ur during the 
difFCJ'(!llt stages of de\·e]opment, as when tho samo Iflrm 
hM during OliO stage to BCarch for food, and has during 
allotller SIOgo to BCarch for a place of attuclLlllent, the 
lIimilnrity of the InTYre of allied allimab is aometimcs 
gready obacurcd; and cnses could be given of tho lame 
of two Bpecies, or of two groups of speciea, differing 
more {rom eacu other than do the adults. 1u most 
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cases, howevcr, tho larvre, tbough acli"e, still obey, more 
or lOil8 dOllCly, tho law of common embryonic resem
blance. Cirripedcs afford a good instance of thig: eveu 
tho ilIWitriol1ll Cuvier did not perceivo that a oomacle 
was a crustacean j but a glance at thlt larva shows this 
to be tnlo in !ill unmistukeablo mrlllncr. So again 
the two main divisions of eirrij.ooos, tho pedunculated 
and lICII8ile, tllOugh differing widely in external appear
ance, lta"o larvre in all their stages barely distinguish
able. 

1'he ombryo in the course of dO"elopment generally 
rises in organisation: I use this eJepl"C88ion, though I 
JUU Il.""are that it is hardly possible to define dearly 
what is meant by the organisation being higher or 
lo""er. But 110 oue probably will dispute that the but
terRy is higher than the caterpillar. In some cases, 
however, tbe mature animal must be considered Il.8lower 
in tho seale than the lan'a, as with certuin parasitic 
crustaceans. '1'0 refer once again to cirripcdes: tho 
Inrvre in tllO first stnge have throo pairs of lcgs, a "ery 
8iml)lo singlo eye, and a probosciformod mouth, with 
which thoy foed largely, for thoy increll.8e much in size. 
In tho aooond s~""('. answering to tho chrysalis stugc of 
buttcrRics, thoy have six pairs of bcautifullycoll8lructed 
natatory legs, a pair of magnificent compound eyes. and 
extremely complex antcnnooj but they baY6 a closed 
IIlld imperfoot month, and cannot feed: their function at 
this stage is, to search by their weH-doveloped. organs of 
sense, and to reach by their ucti,"e powen of 8"·imming. 
a proper place on whicl. to become attached and to un
dergo their linal metumorphosis. WIlen this is com· 
pleted they are fixed. for life: their legs are now con
verted. into prehenaile organa; they sgain obtuin a well· 
oonstnletoo mouth; but they lIa,'o no antennro, and 
their two eyes are now recom·crted into i\ minute, single, 
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and "ery simple eye-spot. In this IlUIt and complete 
state, eirripedee may beconsidered aseithcr more higlily 
Or more lowly organised. than they were in the lar\lll 
condition, Hut in some genera the lame become de
veloped either into henuaphrodit.es IUl.l' ing the ordinar)" 
structUI'C, or into what I havo called coml,lemclltal 
males, tmd in the latter, the ue,'elopment ho.a assuredly 
been retrograde; for the malo is fL meJ'() sack, which 
li"c8 for a short time, and is destitute of mouth, stomach, 
or other organs of importance, exccllting those for 
reproduction. 

'Ve are 60 much accustomed to IlOO a ditrercnce in 
structure between the embryo and the adult, that we 
are tempted to look at tbisdifferenooas in some manner 
neeessarily contingent on growth, But t!Jere is 110 

reason why, for instance, tho wings of a oot, or the fins 
of a porpoise. should not ha,'e been sketched out witll 
all their pam ill proper proportion, as 800n as any 
strnctnre became visible, In some whole groups of 
flnimals and in certain membcrg of other groups this 
is the CfI84>, and tho embryo does 110t at any period differ 
widely from the adult: thus Owen has remu.rked ill 
regard to cuttle-fish, .. there id no 1l1e~uu0'llhOllis; tllo 
cephalopodie character is manifested long before tile 
pam of the embryo arc completed." Laud·shells and 
fresh,water erustacean9 are born having thei r prol)(lr form, 
whilst the marine memberg of the same two great clnsses 
JliiS8 through considerable and often great ebanges during' 
their development. Spidcrs, again, barely undergo any 
Illctamo'llhOllis, '1'he lan're of most,inflCcta PIlSS througu 
l~ lI'orm-liko stage, whether they are activo ami adllpted 
to divernfied habits, or are iuacti,'o from being placed 
in the midst of proper nntriment or from beiug fed by 
their parents; bntinsome few eases. as in that of Aphis, 
if we look to the admirable drawings of the develol)went 
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of this insect, by Professor Huxley, wo see IlnrcUy any 
trace of tho vermifonn stnge. 

Sometimes it is only the earlicr developmental stages 
which fail. Thus Fritz Miiller haa made tho remark
able discovery that certain shrimp-like crustaceans 
(allied tol'enoous) firstnppenr uuder the simple nauplius
fonn,aud after pnMing through two or more zoea-tlU\gcs, 
and tllon through tho mysill-Btagc, finally aoquiro their 
mature structure: now in the wholo' grcnt malaoostracan 
class, to whioh these enistacenns belong, no other mem
ber is as yet known to be first developed under the 
naupliulI-form, though mauy appear aa zoeo.s; neverthe
less Muller assigns rco.so1\ll (or his belief that all these 
erustu.c<!nnswould have nppellrcd R8 nauplii, if there had 
been no suppression of development. 

lIow, then, can wo explain these several fucts ill om
bryology,-uamely, tho very general, though not U1U
.ersnl, difference in stnicture between tho embryo and 
tho adult ;-tho ,·arioUli parts in the same individual 
embryo, which ultimately becomo very unliko and 
ser\'o for di\'erse purpo8CI!, being at an early period of 
growth alike i-the ~neral, but uot inl"ariable, resem
blance betwoon tho embryos or larvm of tho most dis
tinct Speci08 in tho snmo clUS8 j-tho embryo retaining 
whilst witllin tho egg or womb. structures which aro of 
no service to it, eitber at that period or later in life; 
whillit embrY06 Ilt I\. laler period, or lame. which ha,·o 
to provido for their own want!!, are perfectly adapted 
to tllO surrounding conditionsj-alld lRStly tho fact of 
corWin larvle Btnnding higher in the 8C8le of orgnnisa
tion than tho mature animals into which they are 
del'e1oped? J believo that all tbceo facts call be ex
plained, 88 followa. 

It is commonly ll9Sumed, perllaps from monstroBitics 
Ilffecting tho embryo at a ,·ery early period, that slight 
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,'arialion! or individual differences ncee83Clrily appeaf 
at an <'quallycarly period. We have little evidence on 
this llead, but what we have certainly points the other 
way; for it is notoriOI19 that breeders of <:tittle, hol'!!Cll, 
and nrious fancy animal!!, cannot positi\'cly tell, Imtil 
some time after birth, wllat tho merits or form of their 
young animals will turn out. W o 8CO tbis plainly in 
our own children; wo cannot tell whether a. child will 
be tall or short, or what iill precise fcntures will be, 
Thc question is not, at what pcriod of lifo each \'ariatiou 
may ha\'e been Cftused, but at what pcriod the cfl'ecta 
are displayed, Tho cause may hayo acted, awl I be
lie\'e genemlly has acted, on one or both palUlts before 
reproduction, It desen'cs notice that it is of no impor
tance to a '-ery young animal, as long as it remains in its 
molber's womb or in thc egg, or liS long as it is nOUfished 
and !If'otected by ita parent, whether most of ita chil
racters are acquired a little earlier or mter in life, It 
would not signify, for instance, to a bird which obtained 
ita food by IHlving a much-cun"ed beak, whether or not 
whilst young it possessed a beak of this sllape, nil long 
us it was fed by ita parenta, 

I have stated in the £int chapter, that at whatever 
age a variation first appean in the parent, it tends to re
appear at a colTCsponding ago in the offsllring, Certain 
mri81ion8 can only appear at corresponding ages ; for in
stanco, pecnliarities in the caterpillar, cocoon, or imago 
states of tho silk-moth: or, again, in the full-grown 
horns of cattle, But variations, which, for nil that we 
can see wight Iliwe appeared either earlier or later in 
lire, likowiso tend to appear at a. corresponding age in 
the offspring and parent. I am far from meaning that 
this is inmriably the cn.sej lind I could gi,oe several e:z;
ceptional cases of variations (taking the word in tho 
llU],<est sense) whie11 hayo supen'ened at an cllrlier Rf,'6 
in the child than in the pan>nL 
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'l'hell6 tll"O principles, namely, that slight ,-ariations 
gcnemlly all»C1U" at a not ,-cry enrly period or life, alld 
are inherited at a corresponding not enrly period, ex
Illain, lUll belif'Te, all the above lIJ)Ccilled Imdiog racts 
in embryology. But Ilrst let ns look to a rcwall810guns 
{"allCll in our domestic varieties_ Some authors who han.' 
l\"fitten 011 Dogs, maintain that the greyhound and bull
dog, though allpearing so different, arc really closely 
IIllied "arieties, descended from the snma wild stock; 
hence 1 was curious to see how far tllcir puppies differed 
rrom each other: I was told by breeders that they 
differed just as mueh as their parenti!, and tllis, judging 
by the eye, seemed almost. to be tile CIl!O; but on 
actually measuring the old dogs nnd their IiI-days old 
puppiC!!', I found that the pUPllies had not acquired 
nf'lnly their rull amount of proportional differcuce_ So, 
IIgain, I was told that the roolll of cart and race-horses 
-breeds which havc been alm08t whoHy ronned by 
selection under domestication-differed as much as the 
rnll-grown Dnimllls; but having had ('areful measure
ments made of the dams and of threc-dnys' old colts of 
rnce-horses and heal)" cart-horses, I fiud that this is by 
IIOIII('o.ns thoco.se_ 

All we luwe conclusive evideuee that the bl"t"Cds or the 
Pigeon are descended from a siugle wild species, 1 com
pared the yonng within tweh-o hours after being 
hatched; J carefully measured in tho wild !l6rcnt-speeies. 
in pouters, fantails, runts, barbs, dragons, carriers, and 
tumblers, the proportions (but will not hero gi\"o the 
details) of the beak, width of month, length of nostril 
and of eyelid, size of reet and length of le-g_ Now solile 
of those birds, whell mature, diller in 80 eltrnordinnry 
a degrl'(l in the lengch and rorm or heak, and in other 
characters, that tlley would certaiuly be mnked as dis
t inct gencra if roul\d in a state of nature. But when 
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tho nestling birds of these Be,eral Lreeds wero placed il' 
n row, though m08t of them could just be distinguished, 
yet tho proportional differences in tho 11.\..0"0 specified 
poinla were inoollljNlmbly leBR thAn ill tbo full.grown 
bird.!!. SoUle chamcteristic points of diffeTCnce-for in
stance, that of the width of mouth-could hardly be 
deteCled in tlle young. But thero was ono remarkable 
txccptioll to this nile, for tho young of tile short· faced 
tumbler differed in all its proportions from tlu~ young of 
tllO wild rock-pigoou aud of tllO other breeds, almost 
emctly I\Il much 88 in tho adult stale. 

Tho noo,'O two principles explain tbose facta. }'nnciers 
select for breOOing their dogs, horses, pigeons, &c., when 
nearly grollli up: they are indifferent wl~(her tho 
desired qualities nre acquired earlier or Inter in life, if 
tho fnll-grown animal possesses them. And the cases 
jUlit given, more eS}>C(linlly that of pigeons, show that 
the cllll.racteristic differencca which giv~ ,-nine to 
tho breOO8 and which ha\'6 been accumulatoo by mun's 
~lection, JUl.ve IIOt generally appeared at a ,'cry early 
period of lil\:o, and have been inherited at a oorl'Cllpond
illg not early period. But tho ('880 of tho short-faced 
tumbler, which when twel,o hours old possessOO its pro
per ebarneters, proVClI that this is not tho universal rule; 
for hero tho ehatllCleristic differences must eitller hare 
nppeared at an earlier IJeriod thall usual, or, if not so, 
the differences mnst ha,o been iuherited, not at a cor. 
",sponding. but at an earlier age. 

Now let us apply these two princiJllCli to species ill I~ 
stAte of nature. Let U8 take a group of birds, descended 
from 801110 anciellt form and modified til rough Ilalural 
selection for differeut habits. '1'hen, from tho l!lauy 
sligilt 8uC('CS8ive variations haring ~ul)Cn'ene<l in the 
several species at a not early age', and harillg been iu· 
herited at a oortCilpouding age, the young will be left 
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but little modified and will resemblo each other much 
more cloeely than do the adulta,-juat as we have seen 
witb tho breeds of the pigeon. We may eJ:tend this 
view 10 widely distinct structUr(lfI and to whole classes. 
The fore-limbs, for instance, which once served fill lcJ.::'S 
to a remoto progenitor, may have bcoome. through 
Il. long course of modification, adapted in ouo dCSC<lndant 
to net fI8 hands. in another Il8 paddles, ill another 
as wings; hut 011 the above two principles t110 fore
limbs will not have been much modified in the embryos 
of these 86\'cral forms; although in each the embryonic 
fore-limb will differ greatly (rom that in tho adult. 
'Vhate,'cr inftucnce. mOI'C(wer, loug-oontinued use or 
dilluae may hfl,\'o had in modifying the limbs or other 
ports of animals, this will chielly or 801ely 111"'0 affected 
them when mature 8ud when thoy had to use tllcir 
full )lOwCrs togaill their oWllliviug; and tho effect thus 
produced will be tf1}.llsmitte(\ to tho offspring at 0. cor
responding mature age. Thus tho yonug will not be 
modified or will be modified ill a less degree. 

III other cases Buccessiye Yariatiolls may haro super
"eaed at a "ery early period of life, or the step!! rony 
havo been inherited at au earlier ago than that atwhicll 
they tirst occurred. In either co.I!C, 8.8 wo have seen 
with tho wort-faced tumbler. tho youog or embryo 
would cloacly resemble tho mature parent-form. And 
this is tho rulo of development in certaiu wholo groups 
or 8Ilb-groups, as with cultle-fi~h, lnnd-shells, fresh-water 
erustaocans, spiders, and 8Omo members of tho great 
e11l811 of insecta. With respect to tho fiunl eallllO of the 
young in these groups not passing through any meta. 
morphosis, wo can seo that this would follow from the 
following contingeucies; namely, from the young having 
to provido at a ycry early age for their OWll wauta, 
and from their following the sarno habits of lifo with 
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their porenl4; for in this en.se, it ",'ould be indispensablo 
for their existence that tllCY should be modified in the 
samo manuer as their parents, Again , with respect to 
tho singular foct of 80 JUally terrestrial and fresh-wate r 
animals not undergoing auy metamorph08is, whilst OlA

rine members of tIle so.mo groups pass through "arious 
transformations, Fritz MUller 1108 snggested that tho 
process of slowly modifying and adapting (Ill animal to 
li,'o on the land or in fresh water, instead. of in tho sea, 
would be greatly simplified by ita not IJassing through 
any larval stage; for it is 1I0t probable that plMes well 
adapted for botJl the lan'aJ and mature stages, ullder 
lIuch lIew and greatly changed habits of life, could 
be found ulJoccupied or ill-occullied by other organisuur, 
I n this case the gmdual acquirement at au earlier and 
earlier age of tho adult structure would be f8\'oured by 
uaturalsclectioll. and all trnces of fanner nletamorph06l'll 
would finally be lost, 

If. all the other hand, it llrofited tllO yonng of an 
animal to follow habits of lifo slightly different from 
those of tho llll.rent-fonn, and collllllqueutly to bo con
strncted ill a slightly different manner, or if it proflted 
1\ lam)' already widely different from its parent to 
change still further, theu. all the priucipla of inheritance 
at oorresponding ages, the young or the lar\'1ll lnight bo 
reudered by natural selection 1U0re and more different 
from their parents to any concoh'able exleut. Diffcr
enCe!! in the lame might, also, become correlated with 
successive singes of development; so that tIle lan'm, in 
the first singe, might come to differ greatly from tho 
larvle ill the secoud Singe, 119 is tho ease with many 
animals. 'Ihe adult lnight also becomo fitted for sites 
or J\8bita, ill whieh organs of locomotion or of tho 
senses. &c., would be useless j and in this el\St) the meta
DlOrph06il:l would be retrograde. 
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From tlil~ remarks just made wo can 800 IIOw by 
cbangt'8 of st nlcturo in the young. in oonformity witb 
('hlm~ed habit! of life. together with inheritanoo at cor
r<'sponding ages, animals in certain ('fI8(!8 might come 
to IlIlBS through stages of dm·clopment. perfectly distinct 
from their primordial. adult condition. Fritz 3,[filler. 
who has recently discussed this suuject with much ability. 
oolieves tho.t the progenitor of 0.11 insects resembled o.a 
o.dul t insect, and that the caterpillar or maggot stages, 
il8 well us tho cocoon or pupal slflorres, l1a,'o subsequently 
been acqu ired; but from this view many naturalists, 
{or instance Sir J, Lubbock, who IiI18 likewiso rcecDd~' 
discus8ed this subject, would, it i8 probo.ble, dissent. 
That certain unusual slagea in tho metrunorph08C8 of 
insects have been Required through adaptation to 
peculiar habits o{ life, thcre call hardly be a doubt; 
tlillB tho first larval form o{ a cortain beetle, the Sitaris, 
liS dcscrioocl by l\L Fabre, is an acti,'e, minuto insect, 
furnished witb six legs. tll'O long antenuIC, and four 
eyes. 'fhellO lar\'lll are lmtchcd in the Il(>f;ts of bees: 
and when tlle male-bees elUerge from their burrows 
in tho spring. which they do before the females, the 
larvro spring on them, and afterwards ('rawl on the 
femal('8 whilst paired with the mrucs. As 800n WI the 
females Jay their eggs on the surface of the honey stored 
in their cells, the larHe of the Sita:ris leap 011 the eggs 
tmd dovour them. Afterwards these larnu undergo II. 

l'Omplete chango; tlleir eyes disappear; their legs and 
tlll tennlC become rudimentary, aDd they feed on hODe),; 
so tlmt thoy 110W more closelyresemblo tho ordinary 
lnrvro of insects; ultimately they undergo n further 
trnns{orllliltioll, and finally emerge as the perfect beetle. 
~ow, if nn inllOCt, uudergoing tNIIIsfornlntions like thoee 
of tJl(~ SitAris, were to Lemmo tho llrogenitor of • 
wholo lIew class of insects, their COUI'8O of develop-
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ment would probably be widely different from what it 
now is; o.nd the lint IOrl'al stage certainly would not 
represellt the fonner couditioll of any adult and tlllcieut 
insect-, 

On the other hand it is highly probable that with 
many animals the embryo.nic o.r larml stnges sho.W us, 
mo.re o.r ICS!I completely, the state of the progenitor of 
the whole group in its ndult condition, III the grent 
clnsB of tho Crustacea, fonns wOllderfnlly distinct from 
each other, nrunely, auctorial parasitClJ, cirripedcs, cnlo
mOlltmca, and e\'eu the malaOO8traea, nppcnr at fint tiS 
lana:! under tho nauplius-form; nnd flS tllese lnn-ro 
feed and lh'o in tho open sea, and Ill'O nQt ndallted for 
any peculiar habib of life, and from Qther l'CIL9ullS n...""
signed by }'ritz Muller, it is probable that an inde
pendent adult animal, resembling the Ilaupliua, exist('(i 
at BOrne \'cry remote period,aud subsequently produccO, 
along 80vcrBI divergent lines of dcscent, tho sc\'ernl 
above-named great Crustacean gr<.IlIIl!J, So ngain it iii 
probable, from what we know Qf the embryos of mum
ruBis, birds, fiahes, and reptiles, that Iheso nnimBla arc 
the modified descendants of some 0110 ancient Ill'O
genitor, whieh WflS furnished ill ila adult state with 
bnmehiro. 0. swim.b1adder, four simple limbe, and a long 
tail, all Iitted for an aquatic life, 

As all the organic iJeings, extinct and recent, which 
have ever lh'ed, cun be arrnngcd witJlin 0. few great 
clllS8C8; and as all within each clMII ha\'c, According 
to our tlleory, formcrly been connected together by 
fille gradations, the best, and, if our collections were 
nearly pcrfect, the Qnly possible nrrangcmcnt, would 
be genealogicul; descent being the hidden bond of 
connexioll which IIAturalists hnve been seeking uudel' 
the term of the Natural Syslcm, On this \'jew we CUll 
undent.nnd how it is that, in the eyea Qf mOBt natu. 
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rolista, the structure of the embryo is even more import. 
(lnt for classification than that or the adult. In t.wo or 
more groups or animals, 11owe,Cr milch they may differ 
from each other in structure and habits, if they pass 
through closely similar embryonic stages, we may feel 
assured that they all are descended from onc puent· 
form, and are therefore elOllCly related. 'l'hus, com· 
munity in embryonic structure reveals community of 
dC8CCnt; but dissimilarity in embryonie del'clopment 
does not pro\'e discommunity of deacent, ror in one of 
two gro"PS the developmental stages may have been 
suppressed, or may have been 80 greatly modified 
through adaptation to 11CW habits or life, as to be no 
longer recognisable. Even in groups, in which the 
ndults ha'fe been modified to an extreme degree, com· 
munity of origin is often re'fj~.led by the structure of 
the lnrval; we have sooo, for irurtancc, that cirripedes, 
though externn11y 80 like shell-fish, are at onco known 
by their larvro to belong to the grcnt c1ll811 of crus
taceans. AJJ the Btmcture of the embryo generally 
abows lIB more or less plainly tho structure of its 
less modified and ancient progenitor, wo can Bee why 
(Inciellt and extinct forlll8 so often resemble the em· 
bryos or existing species in tho same clM8. Agassiz 
believes this to be a Ilnh-crsal law of nature; and I 
hope to see it hercafwr shown in most CIUlCB tnlC, It 
can , llowc,'cr, be pro\'oo true only in thoso cascs in 
which tIle ancient stato has not been whol ly obliterated 
either by 8uceeMive variations having supervened at a 
very early period of growth, or by 8ueh variations 
h aving been inherited at an earlier period tban that at 
whicb they first appeared. It sbould also be bome in 
mind, that the law may be tnle, bnt yet, owing to 
tllO geological record not. extending fllr enough back in 
timc, lIlay remain for n. long period, or for cver, in· 
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capable of demonstration_ The law will not hold good 
in thoee C88(!8 in which an ancicnt form became adapted 
in its larval state to 80me special line of lifo, and trans
mitted tho same lan-al state to a whole group of descend
ants i for tbcse in their larml condition will not re
semble any ancicnt form ill its adult state_ 

'flll18, as it 80CIWl to me, tbe leading facti! in embryo
logy, which nrc second to none in importance, are 
explained 011 tho prillcipIe of modifications in the lDany 
dcsoon(lanta from some one ancient progenitor, not 
ha"ing appeared at 811 early period of life, and having 
been inherited at a corresponding period. Embryology 
~ greatly in interest. when we look at the embryo 
as a picture, more or less obscured, of tho progenitor, 
either in its adult or Inrral state, of all the members 
.(lfthe stuno greatelnss_ 

RudirMntary, Atropliied, mid Aborted Organt_ 

Organs or parts ill this strange condition, bearing Ule 
plain stnmp of inutility, are extremely common, or 
even geneml, throughout nature. It would be difficult 
to Damo one of tho higber animals ill which 80me part 
is not in a rudimentary condition. In the mammalia. 
for iustnllee, the males always possess rudimentary 
D18mmro; in makes olle lobe of the lungs is rudi
mcnttlrYj in birds the" bastard-wing" may safely be 
considered as a rudimentary digit, and in 1I0t 0. few 
species tho winge cannot be used for flight or nre re
duced to f\ mdiment What eun be more curiou8 thnn 
the Ilt"CS('noo of teeth in fretal whalCf!, which when grown 
up have not a tooth in their heads; or UIO teeth, which 
ne,'er ent through the gums. in the upper jaw! of un
born cah-ee? 
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Rudimentary organs declare their origin and plain 
lUefming in '-arious ways. There are beetle!! be10ngillg 
to c10eely allied species. or c,-{'n to UlO same ident ical 
species, which han, either full-tlizcd and perfect wingl!, 
or mere minute rudiments of membrane, not roreh
lying under willg-co,-ers firmly soldered together; llild 
ill this CMe it is impossible to dOllbt, that the rudiments 
tCllreaellt wings. Hudimentaryorgan! sometimes retnin 
their potentiality; this occasionally occurs with the 
mnmmro of male mammals, for Oley bove been known 
to become well deyeloped, and to acerete milk_ So 
again in the udders in the genus nos. there oro normally 
four del-eloped and two rudimentary tents j but the 
latter ill our domestic cows sometimes become well 
developoo and yield milk. III regan! to Illants the 
petal! are sometimes rudimental, and sometimes well
developed in illdh-idllals of the &Bme species. In certain 
direcious plllllts liOlreuter found that by crossing n 
species, in whieh the malo flowers included a Mldiment 
of n pistil, with nn hermaphrodite species, Ila,-ing of 
course a well-deyelopcd pistil, tho rudiment in the 
llybrid offspring was much increased in size; and this 
clearly showil that the rudimentary and perfect pistiL~ 
are esecntially alike in nature_ An flnimfll mnr po&ICSi:l 

various porta in a perrect stalfo, and yet they lUay in 
one $Cose be rudimentary, for they arc UsclC8ll: thus the 
tadpole of the common Salamandcr or newt, as Mr_ G. 
H. Lewcs remarks, "hIlS gilL~ and pflSll(!S its cxistence 
" ill the water; but the Salaruandm atm, which li\-es 
" high Ill) alnong tho mountains, brings forth its young 
"full-formed_ This animal ne,·er liv08 in the water. 
f{ Yet if wo opcn n grnvid femalc, wo find tfldpoles 
"inside llf'r with exquisitely foothercd gills; and when 
" placed in water they swim about like the tadpoles oftbe 
"water-newt. Ob,-jously this aqnatic organisation has 
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... no reference to the future life of the animal, nor has 
" it any adaptation to its embryonic coudition; it hllb 
.. solely referenoo to ancestral adaptatiolls, it repeau a 
.. Ilhll8e in the dovelopment of its progenitors." 

An organ, I!('r\"iug for tll"O purpose!!, may become ru
dimentary or utterly aborted for Olle, even the more 
important llllrpose, ami remain perfectly efficient for 
the other. '1'hus in plants, tho office of the Ilist il is to 
allow the pollen-tubell to reach the ovulC8 withiu the 
ovnrium. Tho )listil consists of n stigma supported on 
a style; hut in some Compositro. the male florets, which 
of course canuot be fecundated, lla,'e a mdimeutarr 
pistil, for it is not crowned with a stigma; but the Ftyle 
remains well developed. al)(l is clotlled with hail"ll, in 
the usual manlier, for brushing tho pollen out of the 
surrounding anI! conjoined anthers. Again, all organ 
may become rudimentary for ib proper purpose, and be 
used for a distinct object: in certain fish tho SWilll
bladder seems to be nearly rudimentary for its proper 
function of giving buoyalley, but has become com·Clted 
into 1\ UllSCent breathing organ or lung. Other similar 
instanOCfl could be gi\"en. 

Organs, howcwr littlc de\'eloped, if of IISC, should not 
be considered as mdimentary: they may be <'IlUed 
nlllOCnt, and may hereafter be dC\'eloped by natural 
seleetion to any further edent. Rudimentary organ!, 
011 the other hand, arc essentially usclCfJS, lUI teeth 
whieb never cut tllrongb the gums. As they would be 
of c\·en ICM nsc, when in a stil1lcsa developed condition, 
they cannot ha'·e becn fonned througb "uriatiou and 
IHltural selection, which latter acts solely by tbe pre
servation of useful modifications. 'fhey relate to a 
fonner stote of things, and lla\"e been partially rotoined 
by the power of inheritance. It is difficult to know 
what orgons aro nascent; looking to the future, we can-

n..c ,..,1 .. tAWOr!< of 'horl .. 1 ..... n "\In 
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not. of ronrso tell how any part will be developed, and 
whether it is now in Ii nascent condition j looking to tho 
Pllst, creatures with an organ in this condition will 
~nernlly hn,-e been supplanted by their SUCCCf!I!OnI with 
tho 8Il.ffieorgnn in a morcperfeet. state,andoonscquently 
will have become long ago utinct. 'fhe wing of tho 
penguin is of high ser\'ice, actingll8 a fin; it mny. there-
fore, represent tIle nascent state of tho wing j not that I 
believe this to be the case j itis more prebnblya reduced 
orgtm, modified for a new function: the wing of the 
A ptcryx, on tho other hand, is quito 1llK'1ess, alld is truly 
rudimcntnry. Tho simple filamentary limOs of the 
LepidOliren apparently are in a nascent state; for, as 
Owen has rcmlU'ked, they are tho" beginnings of organs 
which attain full functional dO\'olopmont in higher 
vortcbralc8." '1'he mammary glands of the Omitho
rhynchUll may be cousidered, in comparison with the 
udden of a cow, as in a nascent condition. Tho 
ovigerous frena of certain cirrip<:'deB, which arc only 
slightly de\'eloped and which h,we ccfl8C(i to give 
aUacluucntto tho 0"", are nnscent branchire. 

]lt1(iimentaryorgans are "cry liable to "ary in deve-
lopment and in other respeelil in the indh'iduals of the 
srune species. ![oreorer, in cloeely allied species, the 
degree to which the 8Il.me organ has been reduoed 
<N"CRsionaily diffel'1l much. This latter fact i3 well 
CXCllllllifIed in the state of the wings in female moths 
in certain group;!- Rudimelltary organs may be utterly 
aborted; and this implies, that in certaiu animals or 
plants, parts are entirely absent which analogy would 
lead us to expect to find, and which are occasionally 
found ill monstrous individuals. l'hus in lIlOlt of the 
Scrophulariaeere the fifth stamen is utterly aborted; yet 
we lImy conclude that Ii fifth stamen once existed, for a 
rudiment of it is found in many species of the family, 



CUAI'.XIII. 53' 
tllld this rudiment occasionally becomCfl perfeetly 
de\·eloped. 8.9 may be seen in the common snap"dragon. 
I n tracing the homologies of any lIart in different mem
bers of the sarno class, nothing is more comlllOIl, or 
moro Ilecessary, in order fully to understand the rela
tiOllS of tho parts, than tIle discovery of rudiments. 
'fhis is well showll in the drawings gin~n by Owen of 
the holies of tho leg of tho horae, ox, Ilnd rhinoeeros. 

It iB all important fact that rudimentary orgnn8, Bueh 
tUI tooth in the upper jaw8 of whales and rnminnnts, CUll 

Oftell be detected in the embryo, but uftcr .... llrds wholly 
disappear. It is alllO, I belial'e, a nnivel'8lll nile, that a 
rudimentary part is of greater size relati \'ely to tho 
Alljoining parts in the embryo, than in the Adult; 80 
that the organ at this early age is ICIIII nldimentary, or 
evcn canllOt be said to be in any degree rudimentary. 
Hence rudimentary organs in the adult are ofum said 
to have retained their embryonic condition. 

I havo 110W given the leading fnets with respect to 
rudimentflry organa. In reflecting 011 thcm, O\'cry ono 
must. be struck with aatoni:hmcnt: for tho AAme reason
ing power whidl tells UB that most partl and organll arc 
exqui!itely adalltoo for certain pUrpoeei!, tolll 1111 willi 
equal plainnl'Sll that these rudimcntary or atro!lhied 
organll are imperfect and useless. In works on natuml 
history, rudimentary organs: are generally said to han 
been created" for the sake or symmetry," or in order 
.. to complete the scheme of nature." But this is not all 
explanatioJl, merely a re-statement of tlio fact. Nor is 
it consibtent with itself: thus the boa-OOllstrictor has 
nldimenta of hind-limbs and of a pelvis, and if it be 
said that these bonea have been retained " to oomploto 
tho scheme of nntun'," why, as Profcssor " reiamann 
asks, 1Ia,-0 they not been retained by other 8Dakcll, 
which do not posHefIS e.en a \'cstige or thcso I8.mo 
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bones? Whnt would be thougilt of an astronomer, Ilho 
maintainN that tho satellites n.woln'~ ill elliptic courses 
round their Ilhllll'ts "for the sako of symmetry," because 
the plnnetB thus revolve round the sun? An eminent 
physiologist nccoUllts for the Ilre&eIl('O of rudimentary 
orgnns, by surpoaing that they I!Crvo to excrete matter 
ill cxce88, or Illllttor injurious 10 the system; but can 
wo suppose thllt the minute pallilla., whicll often repre
sent tll\l Ilistil in malo flowers, t1nd whieh is formed of 
mere cellular tissue, can thus net? Can 11'0 suppose 
tllflt nl(limentary teeth, whieh nro subsequently aU
sorbed, itfO beneficial to the rapidly growing embryonic 
calf by removing matter 80 IJrceious as ph08phate of 
lime? When a man'i! fingers hal'e been nmlJlltated. 
imperfect llaiJ.~ hal'e been known to alJI>ear on tho 
81UilIllS, and I conld as !lOOn belio\'o that these vestiges 
of lIails hal'e been dewloped in order to excreto horny 
matter, ns thnt tho rudimentary nails on the lin of the 
manatee lu\Ye been de\'eloped for this SlImo purpose. 

On the vicw of descent with mooifientioll, tho origin 
of rudimentary organs is simple. \\'e Im"e plenty of 
cases of rudimentary orgnns ill Our domestic prod.uc
tions.-as the stump of a tail in tailICi!8 Lrccds,-the 
\'estiga of an ear in earleas breeds of shcep.-the l'Cap
peal'llnco of minute dangling lionls in hornless breeds 
of cattle. more especially, according to YOllatt, in young 
animnls.-and the state of the whole flower iu tho etmli
flower, We Oftell see rudiments of various parts in 
monstors. But I doubt whether tiny of these CMe8 
throw light 011 tho origin of rudimentary organs in a 
state of nature, furthor than by showing that rudiments 
call be produced.; for I doubt "hetller 8peeie3 nnder 
nature cver undcrgo abrupt changes. 1 belic,"o that 
disuse lItIS been the main agency; that it has led. ill sue
eessh'e gt'uemtiolllJ to the gradual reduction of l'ariollS 
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or<orftns, until they have becomo nldimclIlo.ry,-&8 ill the 
cnse of tho eycs of animals inho.bitillg dark caverns, aud 
olf the wings of birds inhabiting OC'Cnllic islauw, which 
havo seldom been forced by beasts of proy to to.ke ftight, 
o.ml IlIl.vo ultimntely lost the power of flying. Aguin, 
0.11 organ uscful under ceriaill oonditions, might bceomo 
injurious under othel1'l, flS with tho wings of beetlos 
living ou sman and exposed islands; nnd ill this ca,,;e 

no.turnl selcdion would oontillUO slowly to reduce tlle 
organ, until it was reudered Ilarmlel'8 0.11(1 rudimcntary. 

Any challgo in structure 0.00 fUllction, which can bo 
cfF'ooted by insensibly small steps, is within tllO power 
of no.tuml selection; 80 that an organ rendered, through 
changed IlII.bits of life, useless or injurious for one pur-
1)()8(', miglit be modified and nsed for another purpose. 
An organ miglit, also, be retnined for one nloue of its 
former functions. An organ, origiually formed by the 
aiel of natural selection, when rendered useless, may 
woll be "arinule, fOf its variations CI1Il 110 longer be 
('hooked by nnluml selection. At whatovcr period of 
lifo either disulJO or selection reduces o.n organ, aud tllis 
will generally be wlleu the being has come to matnrity 
and h/l.il to exert its full powers of action, the priDcilJle 
of inlleritanoo at corresponding ages will rel)roduce the 
organ in its reduced state at the same lUature age, but 
will seldom affect it in the embryo. 'l'hu8 we cau 
uuderstand the greater me of rudimentary organs ill 
tbe embryo relatively to its other parts, Ilud their lesser 
relative siw in the adult. But if each step of the pro
cess of reduction wefe to be iuiJeritod, not at a corre
sponding nge, but at II- very early period of life, the 
rudimentnry part would tend to be wholly lost., and we 
should IlII.ve 110 ca.se of complete abortion. 'l'ho principle, 
also, of the economy of orgauisation, explained iu a 
former chapter, by which tho materio.liI fonning aDy 
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part. ir not userul to the possesaor, will be 8O.\'cd as fur 
as is possible, may oftell ll1wo come into plar, and 
aidcd in tbo entire oblitcmtion or a rudimcntary organ, 

As the presence of rudimentary orgnnll is thus due to 
the tendency in C\"cry part of the organisation, wllich 
haa long existed, to be illheritod-wo call understand, 
on the genealo~,'1cal view of cln.ss.ificatioll, hOIr it is that 
systematists Imve found nldimeutary parts as l18Cfnl 
as, or c\'ell sometimes: more usefnl than, parts of high 
physiological importancc, Rudimentary organs mlly 
be compared with the letters in a wonl, still retained in 
the spcUing, but become useless in the pronunciation, 
but which Ilene aa: a clue for its deri\'alion. On the 
view of dceoont with modificatioll, we may conclude 
that the existence of organs in a rudimentary, imperfect, 
and usclces condition, or quite aborted, far from pre-
6Cnting a Btrnnge difficulty, as they ll88urcdly do on the 
ordinary doctriue of creation, migllt even ba\'e been 
nnticipntc<l in accordance with the vic1'l's here CJ:

l)lained. 

Summary. 

In thill eIlnl)ter I have attempted to sholr, that the 
arrangement of all orgauie beings throughout all time in 
group under group-that the nature of the relationship. 
by which all living and el:tinct organisms are united Ly 
complex. radiating, and circuitous lines of affinities in 8. 

fow gmnd classes,-the rules followed and the diffieultiCl:! 
encountered by naturalists in their elnSi!ifiClltious.-tho 
value set upon characters, if constant nl\d preyalcnt, 
whellier of high or the most trifling importnuce, or, as 
with rudimentary organs, of no importnuce.-the wide 
opposition in value between analogical or adnpti,·e dm
meters, and clw.rncters of true affinity; and other such 
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rules ;---nll naturally follow if we admit tho common 
pafCntab"e of allied forms, together with their luodifica
tion tllrongh natuml selection, with its contingencies of 
cl:tinclion and di,>crgcnce of chllmctcr. In coDsidering 
this view of classification, it should be home in mind that 
tho clcmcntof dClIC'Cnt has been UllivCl'S(Illy uscd in rook. 
ing together the &eXes, ages, dimorphic forms, nnd acknow
ledged varietiCfl of the same species, howel'or different 
they may be in structure. I f \\0 extend tho usc of this 
c1emont of desccllt,-the one certainly known cauae of 
llimilarity in organic bcings,-wo shall understand what 
is meant by tho ~atural System: it is genealogical ill 
its attempted arrangement, with the grades of acqllired 
din'crcnC6 marked by the terms, ""ricues, species, 
genera, Camilics,ordcrs, and classes. 

011 this same view of descent with modification, all 
the great (acta in Morphology becQme intelligiOle._ 
whether we look to the sarno pattern diliplo.yed by the 
differeut specics of tlle snme class in their homologous 
organs. to whatevcr purpose allplicd j or to the homo
logoull parts in cach individual auimalaud Illant. 

On tho principlo of succcssi"o slight ,'ariations. not 
1l0000000rily or generally supan'cuing Itt 0. ,'cry early 
period of life, and being inherited at a corresponding 
period, we can IlndCl'fltand tbo great leading fnets in 
Embryology; namely, the close resemblo.llOO ill tho 
indi"idllal embryo of the parts which aro homologous. 
and which when matured becomo widely different ill 
structure and function; and tho rCliCmblanco in allied 
tllOlIgll very distinct species of their homologous parts or 
organs, though fitted ill the adult sto.to for purposes as 
different as: is possible. LarVal are netivo embryOll, 
whieh lul.YO bocu specially modified in a greater or less 
dcgrco in relation to their habits of life, "'ilb their 
modifieatioll8 iuherited at 0. corresponding age. On 
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these snme principles,--and bearillg in mind, thnt wIlen 
OrgfUlS are reduced in size, either from disusc or through 
lIatural aclcetion, it will generaJly be fit that period of 
life "-hen the being has to provide for its own wants,. 
and bearing in 1l1illd how strong is tho force of inherit. 
ance-the occurrence of nnlimcntary organs might 
cven hlwc bc<:u Ilnticipated. The importance of em
bryological characters and of rudimentary organs in 
cJassiileatioll i;; intelligible, on the view that Il natural 
fLITnllgelllClit Inllilt be genealogical. 

:Finally, the 86'·era1 classes of {acta which 111"·0 been 
considered in this chapter, seem to me to ]lroclaim BO 

plainly, that the innumerable species, genera, and 
fnmilics, with which thi3 world is poopled, aro all 
descended, each within its own c18.8B or group, from 
common parents, and have all been modified in the 
course of descent, that I Sllould without hesitation adopt 
tl\is yjow, (lyon if it were UI\IIUpporled by any other filets 
orargUInouts. 
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CHAPTER XIV. 

iI.cA"TULlT10l\" "ND CoNCLU310li". 

It.lcapitulltion or theobjrelionl to thethooryorNltuml Scloetion 
-1lfC.'\1~~ulation or the b'encral and e]".ooi,1 cireum,llooeI in 
ile favour-Cl.u.. of the g<encral belier in th .. immutability 
of el~ictI_llow far the theory of ~'.o.tu ... 1 S<-loetion may be 
extcnded-Etr...,tao! ita lldoJKioo on the 'Indy or Natu",] 
lii.o.tory-Coneludingremarb. 

.As tllis whole "oluwe is olle long argument, it may be 
convenient to the reader to have the leading facts and 
infereuces briefly recapitulated. 

That lUallyand Berious objections may be advanced 
against tiw theory of descent with modification through 
natnral selection, I do not deny. I have endeavoured 
ro gi\·o to them tllcir fult force. Nothing at first catl 
appear more difficult to believe than that the more 
complex organs and instincts ha\"e been perfected, not 
by lneans sUpc'rior to, though analogous with, human 
reason, but by tbe accumulation of innumerable slight \"8-

riatiollll, each good for the indi\"idual po88CMOr. Ne\"er
thcle88, thia difficulty. though appearing to our imagi
natiOll insuperaLly great, call1lOt be considen:d real if 
we admit tho follo"'ing propositious. namely, tllat all 
parts of tile organisation and iTUItincts offer, at least, 
illdi\"idual differences-that tllerc is a struggle for exist
ence leading to tiLe preservation of profitable deviatious 
of structure or illstinct--and, lastly, that g-mdatiotls itl 
the state of parfectioll of cach organ may havo existed, 
each good of its kind. The truth of these Ilropositions 
caunot, I think, be diBllUted. 

2s 
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It is. no doubt, extremely difficult c,"en to conjecture 
by what gm(intiolls many structures have been perfected, 
more especially amongst broken and failing groupa of 
organic beiu&'II, which hnvc sulTered much cJ:tiuction; 
but we see 80 WRlly strange gradntions in nature, that 
we ought to be extremely cautious ill saying that auy 
organ ox illstim:t, or tho whole structure, could not Iliwo 
arrived at its prescnt stato loy many graduated steps. 
Thero are, it must be admitted, CMe8 of special difficuHy 
opposed to tho tlloory of natural selection; (111(1 onc of 
the most onnens of these ia the eristenco of two or 
three defined castes of workers or sterile femalo ants 
ill the snme community j but I llavo attempted to show 
how these difficulties can be Dllltitcred. 

With respect to the nlmoet universal sterility of 
species wbell first crossed. "hicb forms 80 remarkable a 
contrnst with tho almost unj,·crsal fertility ot \'Inieticil 
when cro&!C<i, I must refer the render to tho reetlpitu1n
tion of the facts giYen at the end of the eighth chapter, 
which scom to me conclusively to show that thill IIlHilit)' 
is no more n apecinl endowment tJllIn is the incapacity 
of two distinct treell to be grnrted together; but that it 
ia incidental 011 differences conlined to the reprodllcti'{o 
systems of the intercrossed IJllf'Cies. We &00 the truth 
of this conclusiOIl in the mst difference in tho results of 
croasing tho IfiTne two species reciproco.l1y:- thnt i~, 
when ono spedes is first usod ns the father and then 
8S the motber: analogy from tho consideration of di
morphic and trimorphic plant! clearly leads to tbe sarno 
conclusion, for when the forms are illegitimately llilited, 
thoy yield fow or no seed, and their offspring aro mora 
or less sterilo; ami these fonna of the sarno undoubted 
species differ in JlO respect from cach other exeept in 
their reproduetive organs and funetions. 

Although the fertililyof ,·arieties when intercl'Ol!lled 
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flnel of their mongrel o(l''''pring has been osscrted by 80 
many outhors to be Imh·ef'Slll, this cannot be considered 
corroot after tho facls given on tho authority of Girtner 
and Kuirl!uU!r. Nor is tho Yl!ry geMml fl"rtility of 
varieties, wben crossed, surprising, when 11'0 remember 
tllat it is not likely that their reproducth·o systems 
should havo boon profoundly modified. :Moreover, most 
of the varieties which havo boon experimented on havo 
been produced under domestication; ond as domestica
tion (I do not mean mero conflnemenl) olmoet certainly 
tends to climinnro sterility, we ollgllt not to expect it 
0180 toproducc sterility. 

1'he sterility of hybrids is II. diffef('nt eMO from thnt 
of " first CI'OBII, for the reproducti\'o organs of hybrid8 
nro more or less functionally impotent; whereas in flrst 
eroeses, the organs of both species are of course in n. 
perf'ect condition, AJI w6continnnlly soo that organimls 
of aU kind~ are rendered in somo degrro sterile from 
being exposod to slightly changed ooudition~ we need 
not fecI surpri90 at hybrids being in somo degree sterile, 
for their constitutions can hardly fail to be disturbe<l 
from being compounded of two distinetorgoniSlltiollSj but 
whether this is the tnlo causo of their sterility I will not 
pretend to decide. 'l'ho abon) pnmllelism is supported 
by another l)Qrallel, but directly opposite, elnss of facts, 
namely, that the ,'igour and fcrtility of nil organic 
beings are iucre8SC(1 by slight changes in tlleir condi
tiollS of life, and thnt the ~ffspring of slightly modjflcd 
romUi or varieties when crossed acquire increased vigour 
and fertility, So that, on tho one 11!lDd, a considernLle 
c118ngo in the conditions of life find crosses between 
gnlfl.tly modified forms, leaaen fertility; and on the other 
hand, lesser changes in the conditions of lifo Dnd crosses 
between leM modified forms, incrcs!C fertility. 

Turning to geographical distribution, the difficulties 
2 N 2 
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encouutered 011 the tlleory of dC>iCCnt ,,·ith modification 
are serious enong:h. All the indh'iduals of the sa.me 
spe('iCl', and all the species of the Mme A'cnug, or (l\'en 
higher group. must have descended from common 
parents; and therefore, in howe\'er distant and isolated 
I,arts of the world they may now be found, they must in 
the (lOurlle of 81lccessil'e generations havo trcn-ellMTrom 
somo one point to all the others, We aro often whelly 
Illluble even to conjecture how this could have been 
effected, Yet. as we have reason to beliol'e that some 
species have retained the same specifio form for ,'cry 
long periods of time, immensely long M measured by 
yeal'll, too much stress ought not to be laid on tho occa
siollal wide diffusion of the mIDe species; for durinp: 
very long pcrioos there will always be a good chanre 
for wide migrntion by many means. A broken or inter
nlptcd ronge may often be aeoo\lnt~1 for by the ex, 
tinction of the species in the ill\f'rmedinte f(Ogions. Jt 
cannot be denied that we are us yet Yery ignorant of 
tho full extent of the various climatal and geographical 
ehangl.'s which have affected the ('arth during modern 
periods; aud such ebanges may obl'iollsly have faci li. 
tated migmtion. As an emmple, I h8\'o attcmpkd 10 
show how potent bM been the influence of the Glacial 
peri(X1 on tilO di~tribntion of tho Mmo and of allied 
species throughout the world, We are lUI yet pro
foundly ignornnt of the many oocnsiolll1l meaIlll of tran~ 
]lort. With respect to distinct species of the mme 
genus inhabiting distant and isolated rcgioIlll, as tbe 
process of modification bas necessarily been slow, aU 
tho means of migration will have boon j)()8!iible during 
a very long period; and consequently tho difficulty or 
the wide diffusion of the species of tho mme gentllJ is 
iu kllUC degree lessened. 

AfI aecording to the theory of natural aclection an 
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interminable uumber of intermediate forillS must. ha.,'e 
existed, linking together all the 8'pecies in each group by 
gradatioll8' as fme as arc our present mrietics, it. Illay be 
asked, Why do we not see these linking forms all around 
us? Why arc not all organic 1x>ing~ bknded together 
in all iuextricablo chaos? With respect to existing 
forms, we should remcmber that wo hln-e nO right to 
expect (cxccl)ting in raw cases) to discover directly cou
lleeting links between them, but ouly between each and 
some extinct and snpplanted form. Even on II wide area, 
which has during 0. lOllg period remained continuous, 
and of whidl the climate and other oonditiolls of life 
chaUf,'(I iuscllsibly in proceeding from a dbtrict occupied 
by one s-pecies into allothcr district occupied by a c10scly 
allied specie!!, we ha,'e no just right to expect often to 
find intermediate \'arietiea in the intcrmediato !«IIlC. 

For \\0 ha\'e rca80n to belio\'o that ouly a foil' Bpecics 
of a gcnus c,'er undergo change; the othcr species 
becoming utterly extinct aud leaving 110 modified pro
geny. Of tho specics which do change, only Il few 
within the same country chango at the SlIme time; and 
all modifications are slowly effected, I ha.,'e also shown 
that the intermc<iiate \'arieties which probably at first 
cxisted ill the illtenuooiate zones, would be liablo to be 
supplanted by the allied forlll3 on eiUlI.'r hand; for the 
latter, from existing in greater numbers, would generally 
bo modified and impro,'ed at a quicker rate than the 
intermediate ,'arieties, which existed in Icsscr numbers; 
80 tllat the intermediate ,'arieties would, in the long 
TlIll, be supplanu.-d and exterminated, 

011 this doctrino of the eJ:terminatiOIl of an infinitude 
of connecting liuke, between the living ami extinct ill
habitants of the world, lind at each succclidire period 
between the extinct and still older species, why is not 
every geological fonuation charged wilh ouch linkB? 
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Wby doefl not e,ery collection of fOll8il remai1l8 afford 
plain evidence of the gradation and mutation of the 
forms of life? Although geological research has un
doubtedly rewaled the former existence of many links, 
bringiug numerous forms of life much elO8Cr together, 
it doea not yield the infinitely many fine gradations be
tween pnst and present species required on tbe theory; 
IIIl(I this is the most obvious of the many objections 
which mlly be urged against it. Why, again, do \\Ohole 
groupe of allied species appear, though this allPcaraliCO 
is oReD false, to h/l.,e come in suddenly on the suc
eessi"e geological stages? Although we lIOW know that 
organic beiugs appeared on this globe, at a period in
calculably remote, long before the lowest bod of the 
Cambrian system was deposited. why do we not find 
beneath this system great lliles of strata stored with tbe 
remainS of the progenitol'!J of the Cambrian f088ils? For 
on the theory such strata must somewhere ha"e been 
deposiicd (It these ancient and utterly unknown epochs 
ill tho world's history, 

1 can (lnswet these questions and objcctions only on 
tho suppoeition that the geological record is far more 
imperfect than mOllt goologil<ta belien~, The number of 
8j>ccimeu8 ill all cur museums is absolutely as Ilothing 
compared with the countless generations of countlco;s 
fl'pecics whieh ha\'e certainly existed, The )lBrent-form 
of any two or more species would not be in all ita 
chal'llctcrs diccet1y intermediato betwccn its modified 
offspring. any more than the rock-pigeon is directly 
intermedinte ill crop and tail betwccn ita descendants 
tho pouter nnd fantail pigcons, We 8hould net be able 
to rccognise a species as tho parent of another and 
modified species, if we were to examine both ever so 
c1oecly, unless 11'0 ~ed mOllt of the intermediate 
links; Dud owing to tllO imperfection of tho geological 
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reoonl, we have no just right to expect to find JJO many 
links. If two or three, or e\'cn morc linking fonns 
wcro discovered, they would simply be nwked as 80 

lOany now spedC", more especially if found ill different 
geological aub-stnges, let their differenect be over so 
alight. Numerous existing doubtful CorOis could be 
named which are llrobably \'arioties; but wIlD will 
pretend that in Cuture ages so many Cossil links will 
be disco,'ercd, that naturalists will be able to decide 
whether or not thcso doubtCul Conna ought to be called 
mrieties? Only a small portion oC the world has been 
geologically explored. Oruy orgauic beings of certain 
<'lasses can be prcscn'ed in a fossil oondition, at least 
in any great number, Uaoy species when 01100 formed 
nover undergo any further change but booome extinct 
without leaving modified descendants; and the periods, 
during which species have undergone modi6cation, 
though long as measured by years, have probably been 
short in comparison with the peri<><h during which they 
Imvo retained tho sarno form. It is tho dominant and 
widely mnging epecies which "ary most frequently and 
"ary moet, and \'Qricties are often at first local-botll 
call86ll rendering the dig(:l()I'ery of intermediate links in 
any ono formation lw likely. Local varieties will not 
sllreOO into other and distant regions nntil they are con
siderably modified and improved; lind wli('n they 00\"0 
spread, and arc discoyered in 0. geological formation, 
they will appenr as if suddenly created tilr>re, and will 
he simply clMSOd Il8 new species. Most Cormations ha,'o 
been intermittent in their accumulation; nnd their 
(lumtion has probably been shorter than tho aycmgo 
dumtion of specific forms. Succcssh'o formations are 
ill most CMC8 8C(lOmtcd from each other by blank inter
"als of time of great length; for foe:,iliferous formations 
thick enough to resist future degradation can as 0. 

lno- C"'m"~t() Worl< of Ch 
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genernl role be aecumulnted only where mueh sediment 
is dcpoaited on the sub8iding bed of tho sen. During 
tho alternate periods of elevation and of stationnry level 
the record will gcnemlly be bla.nk. During the86 latter 
period,; there will IJrobably be more mriability in tho 
forms of life; during l.eriods of subsidence, more ex
tinction. 

With respect to the absence of stmta rich iu fOl!S.ils 
beneath the Cambrian (oonation, I can recur only to 
the hypothesis given in the ninth chapter. That tho 
geoloto-ical record is imperfeet all will admit; but that it 
is imperfect to the degree required by our theory, few 
will be inclined to admit. If we look to long enough 
intervals of time, geology plainly declares that species 
have all cbanged i and tbey ha'\"e changed in tho 
manuer required, for they III",e changed slowly and in 
a graduated manner. We clearly see this in the fO!lS.iI 
remains from consecutive fonnations in\'ariably being 
mtlch moro closely l'i.'lnted to each other, than are the 
fossils front widely IlCpnrnted formations. 

8u('h ill the 8um of tho s01'ern1 cbief objectioDs nnd 
tlilliculties whieb may justly be urged against tho 
thoory; n.ud I ha1'e now briefly recapitull'tOO tile answers 
and explanations which cnn be giren. I ha1'e (elt tilelie' 
difficulties far too heavily dnring many years to doubt 
their weight. But it deserves especial Ilotico that tlw 
morc important objectioll8 relate to qUClltions on which 
we arc confessedly ignorant; nor do 11'0 know how 
ignorant we are. We do not know all tIle possible 
transitional gradations between the gimpiest and tho 
most perfoot organs; it cannot be pretended that we 
know all the mried means of Distribution during the 
long lapse of ycars, or that we know how imperfect tho 
Goologi(.'lll Record is, Serious as these 86\'ernl ob
jections are, in my judgment tboy nro not sufficient 
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to o\"crthrow the thoory of dell('cnt with subsequcnt 
1ll0Jification. 

Now let us turn to the other aide of tho argument. 
Under domestication we IlOO much wlriability, eaUiJed, or 
at least exeiloo, by changed conditions of life. This 
yariability i& governed by many C<lmplex laws,-by 
correlation, by use and disuse, and by tho <lefinito 
netion of tho surrounding C<lnditions. 'I'hore is much 
difficulty in R>lCCrtaining how largely our domestic pro
ductions Illwo be-en modified; but wo mny sarely infer 
that tho amonnt has been large, and that modificatiollB 
can be inberited for long periods. As loug as the con
{litions of lifo remain tbe same, we have reason to 
believe that a modification, which bas already been 
inherited for Dluny generations, may continuo to be in
herited for nn nlm06t infinite number of generations. 
On tho otller hand, we hal·c (widenoo that variability, 
wiL(>u it IIRS oncc comc into play, docs not cellSO under 
(lomestication for a yery long period; for lIew varieties 
are &tiit occasionally produced by our oldest domesticated 
productions. 

Man dOC!! not actually produoo n~riability; he onl~· 
unintentionally uposesorganic beings to ncwconditioll.s 
of life, and then nature acts on tho orgnuisation, and 
catl5e!l ,·flfiability. But man can and docs select tIlO 

"ariutions gi"cn to him by nature, Ilnd thns accumulate 
them in flny desired manner. Ho thus adapts animals 
Ilnd plants for his own bencfit or Illcasure. lio lIlay do 
tbis methodically, or he may do it ullconsciously by IJfC 

;;erving tho ind ividuals most useful Of plcRl!.ing t(l him 
without any iuwntion of altering tho breed. 1t is cer
tain that he can largely influenoo tho character of 
a breed by selecting, ill each Bucccssil'o generation, 
individual differenCC8 50 slight ni! to be inappreciablo 
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except by an educated eye. This pf(IC(U of selection 
hns boon tho great agency in tho formation of tho most 
distinct and useful domestic breeds. That many 
breeds produeed by man havo to a largo extent the 
character of natural species, is ShOWll by tho inextricable 
doubts whether many of them are "arietics or aborigill
nlly distinctspeeics. 

1'hero is no ohrious 1'CiL'101l wIly tho principlC!/! which 
have nctod 80 efficicntly ullderdomesticntion sllould not 
act under nature. In tho survival of flwoured in
(lividuals and roces, during tho constantly-recurrent 
Strugglo (or Existence. we 800 a powerful and over
acting form of Selection. The struf!'gle (or cxistenoo 
ine,·iUibly follol\1I from tho high geometrical rotio of 
increase I\·hieh is common to all organie beings. Tlus 
lligh rotc of increase is proved by calculation,-hy the 
mpid increase of many animals and Illants during a. 
8uccesaion of peculiar liCasoU!!, and Ilhell natumlised ill 

a new country. Moro individuals are born than can 
possibly 8urvi\·e. Agrnill in tho balanco may determino 
which individuals shallli\-o and which shall die,-which 
,·aricty or IIpecica ijhaU incrca.90 in number, and which 
shall docrca.se, or finally becomo extinct. As tllo indi
viduals of tho samo species como in all respeets into tho 
cloeest coml)Ctition with each otber, the strugglo will 
generally be l1lostsevere between thcm ; it will be almost 
equally lO\ere hotween tbe,·arieties of tbe samo species, 
and next iu scmrity between the specict of tho sarno 
genus. 011 tho other hand the strugglo will oRen be 
yery severo between beings remote in tho scale of 
lIaturc. The slightest ad,-antago ill certain indiyiduals, 
at any nge or during auy season, over thoae with which 
they como into competition, or botler adaptation in 
however slight a. degree to the surronndillg llhysical 
conditions, will tUrn tho bolancc. 
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With animals having separated 8eXCil there will be ill 
lDost CASCII II struggle between tho malCil for 010 JXlIIiIe&
sion of tho felllal()fj. Tbe most vigorou8 males, or thOfl6 
which h[lxQ mOlit successfully struggled with their con
ditions of life, will generally leil.\·o rn08t progeny. Bnt 
8UCC($8 will often depend on tho mules il/wing 8pecial 
weapons, or means of defence, or ehllrUls; and a sIiglit 
adl'lUltagc will lead to victory. 

As geology plainly l)roclaims that each laud hne 
undergollG great physical changes, wo might have ex
poctc<l to fiud that organic beings llil.\'o varic·d nllder 
nature, iu the MillO lIay as they havo mried under 
domesticatiou, And if thero be auy variability under 
nature, it would be an unaccountablo f!lOt if natural 
6eleclion did not come into play. It. baa often been 
flS3ertcd, but the assertion is incapablo of proof, that tho 
amount of ,'ariation under nature is a ~trictly limited 
quantity. Man, though acting on external characters 
uiono and often capriciously, call produce within II sllOrt 
period 0. great resilit by u4ding II I) lDero individual 
differenceB in his domestic productions; aud overy ono 
admits that species (lresentind.il·idualdiffetellc:et!. llut~ 
besidca Bnell differences, all naturalists admit that 
\'arietiCil e:li.!t, which arc considered sufficiently distinct 
to be worthy of record in systematic works. No ono 
has dra\\1\ auy clear distinctiou betwcen indi"idual 
differences and slight mrieties; or betweell morc plainly 
marked varieties and Bub-species, and sJleeie~. On 
separato continents, and 011 different IlII.rt.:l of the sarno 
continent when di\'idoo by barriers of any kind, and 011 

outlying jsland~, what n multitude of forms e:lisl, which 
SOIllO experienced naturalists rank as varieties, others as 
geographical races or Bnb-species, and others ne distinct, 
though cJOIICly allied species! 

If then animals and plants do mry, let it be e\'er 80 
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little or 80 slowly, why should we doubt that tho varia· 
lions or individual dilTercuoos, which are in any way 
beneficial would be p~rved and nccumulated through 
untural selection, or the Blln'i\'al of the fittest? If 
man can by patience select varintiOIlil useful to him, 
\lily, under changing and complex conditions of life, 
should not \-ariatioll8 useful to nature's li\-ing products 
often arise, and be prcscn-oo or selected? What limit 
can be put to this powcr, acting during long ageg and 
rigidly scrutinising tho whole constitution, structure, 
and habits of each crc'lture,-f(n-ouring the good and 
rejecting the bad? I can see no limit to this IlOwer, in 
slowly and beautifully adapting each form to tho most 
comple1 relations of life. 'rhe theory of natur(l,l selec· 
tion, el'CIl if we looked no farther than this, seems to me 
to be in itse1r probnble. I haye already recapitulated, 
as fairly U8 I could, tho opposed difficulties and objec
tiOIlil: now let ns turn to tho special facts ant! arguments 
in fayollr of tho theory. 

On tho l'iew that species are only strongly marked 
and permanent Y3rieties, and that each SpeciCi first 
existed as 0. Yariety, wo can see why it is that no 
line of demurcation call be drawn betwoel\ species, 
commonly supposed to hal-e been produced by special 
acts of creation, and l'arietics which are acknowledged 
to have been produced by 8000ndary laws_ On Ihislll1me 
l-iew we can undersul.Uct how it is that in each region 
where lUany species of n genus have been llroduced, 
and where they now Ilourisll, these III1me species should 
llre&ent many l-arictiClS; (or where the manufactory of 
species has been acti\-c, we might expect, as a genem] 
rule, to find it still in action; nnd this is tho caso if 
yarietiee be incipient species. MorCOl-er, the species 
of the larger genera, whiehaffonl tho greater numher of 
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mrictiesor incipient 8pooie8, reto.in to ncertain degroo 
the clll!.l'8cler of varieties; for tbey differ from each 
otber by a less amount of ditrerenoo than do the slJeCics 
of smaller genera. 'Ille dOllCly"allied species alao of the 
larger genera apparently have restricted ranges, and in 
their affinities they are dustered in littlo groups round 
otber species-in both of which respects they resemble 
Tarieties. These are strange reiatiOIiS on tbe yie"·that 
each specie8 11'0.8 inde}X'lldently created, but are intelli
gible if each exi8ted first as n variety. 

As eaeh species tends by iLl goometrical ratio of 
reproduction to increase iuordinatcly in number; and 
1\8 tbe modified dC8CCndants of cal"h species will be 
enabled to increase by 110 much tho more lUI they 
become diversified in Imbits and structure, 80 as to be 
enabled to seim on mallyand widely different places 
ill the CC'OlIomy of nsture, there will be a constant 
tendency ill natural selection to pf(lB(!n'c the most 
dil'ergent offspring of Ilny one species. Hence, during 
n. IOllg_colll.inued course of modification, the slight 
differeuces.characteristie of varieties of the 88me spe
cies, tend to be augnwnted into tbe greater dilTerences 
characteristi(' of the species of the Sluna genuB. New 
!\Od improved varietieB will inevitably supplant and 
e:rterminate the older, 1('!It! improved and intermediate 
"arieties; alld thns sped('fj are renderro to a large extent 
defined and distinctobjecl3. Dominantspecies belonging 
to tho larger groups within each clo.ss teud togire birth 
to now and dominant forms; 80 tllat cach large group 
tends to become still larg;'T, and at the same time 1Il0re 
divergent. in cbaracter. But as Illl groups cannot thus 
succeed in increasing in size, for the world would not 
hold them, the more dominant groups beat tbo less 
(lominllIlt. 'I.'his tendency ill tho large gronps to go 011 
increasing in size tuld diverging in character, togethcr 
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with tile almost ine\-itable contingency ofmuell extinc
tion, explnins the arrangement of all the forma of life, iu 
groups subordinate to groupe, all within a feIV great 
cla.sse~, which has pnl\'ailed throughout all time. 'l'his 
gmnd mct of tho grouping of all organic beings und('r 
what is called tho Natural Syst(,ID, is utterly inexplicable 
on the thcory of crcat.ion. 

As natural selection acts solely by aecumulating 
Blight, Buooessive, favoumble variations, it can produce 
no great or sudden modiAcation; it can act only by 
short a1l(1 slow steps. Hence the canon of "Natum 
non facit arutum," which e\'ery fl'(l6h ooclition to our 
kno"'ledge tends to make tmer, is on Ihis tllOOry 
intelligible. We can gee why throughout nature the 
flRme gt>ucral end isgnined by Il.n almost inflnitedivenr.ity 
of means; for every peculiarity wben once acquired is 
long iulH!rited, and strnctul'Cll already divcrlifiL<1 in lIUIny 
wa}", have to be adapted for the SRtIlO gcnomlllUrpoec, 
Wo can, in short, see why nature is prodigal in variety, 
though niggard in innovation. But why dlis should be 
a law of Mtnl'(! if each species llll(l been independently 
created, no man can explain. 

:Mnny otber facts are, as it seems to me, explicable 
on this theory, HOII' strauge it is tbat a bird, under 
tho fonn of woodpecker, should have been created to 
prey 011 insect.!! on the ground; that upland geeso 
whieh ncver or rarely swim, should havo been created 
with webbed fect; that a thnlsh-like Lird should havo 
been cfCated to dive nnd feed on Bub-aquatie in9OCts; 
and that a petrel should hnvc b~n created with the 
habits and structure fitting it for tho life of an auk ! and 
so ill endleas other cases. But 011 tho ,'iew of each 
~iCl coustantly trying to increase ill uumoor, with 
natural selection always ready to adapt tho slowly vary~ 
inS dll/lC('ndanlll of each to any unoccupied or ill-ooeu-
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pied plllOO in Ilaturt', these facts ceosc to bo strange, or 
mi~ht cven h,we been anticipated. 

'Ve enn understand how it is tJlat snch harmonious 
beauty ~nl'raUy prevails throughout Ilature. That there 
are e.ltC'Clltious according to our ideas of beauty, no 
ono will doubt who will look at somo of tho venomous 
tmakes, at some fish, and at certain hidcous OOts with 1\ 

lliswrted resemblance to tholLuman faee. Sexual sdoo
tion has giren tho most brilliant colours and other 
ornaments to tho males, but sometimes to both 8Cl:CS of 
many birds, butterflies, and a fow other animaill. Witli 
birds it hag ortcn rendered the voice of the malo lIlusicnl 
to tho female, as well as to our ears. Flowers and 
fruit havo been rendered conspicuous by gaudy colours 
in contraet with tho green foliage, in order that the 
flowers might be easily acen, visited, and fertilised by 
insects, ancl tho seeds disseminated by birds. Lastly. 
some living objects have becomo beautiful through 
mero symmetry of growth. 

As natural selection acts by competition, it renders 
tho inhabitants of each country perfect only in relation 
to the other inhabitants; 80 that wo n«ld feel no sur
priso at tho species of anyone country, although on tllO 

ordinary Y;OIl' supposed to bayo been created and spe
cially wptocl for that country, being beaten and tmp
planted by the naturalised productions from another 
land. Nor ought we to marvel if all tho contrivauces 
in natnro bo Dot, as far ag we can judge, absolutely 
perfect; and ir some of them be abhorrent to our ideas 
of fitness. Wo need not marYcl at tho sting of tho bee 
when used ngnillst an enellly often causing tho bee's 
own death; at drones being produced in snch great 
numbers for ono single !\Ct, and being then slaugbtered 
by their sterile sisters; at the astonishing waste of 
pollen by our fir-trees; at the instincth'O hatred of tho 
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qu~ bee for her own fertile daughters; at i .. bneumo
nidro feeding within the living bodies of caterpillars; 
nnd at other such cases. The wonder inrleed is, on the 
theory of natural selection, that more cnscs of the want 
of absolute perfection hayo not been obseryed. 

Tho complex and little known 18\\"8 governing 8cknol'i
](!(Iged variation8 nre the same, ns far as we cau S(!(>. 

with tho laws which llR\·o governed tlJO production of 
so-called specific differences. In both caBell physical 
conditions seem to iUH'e produced IIOm(\ direct and dellnite 
effect, but how mnch wo canllot say. 'l'hus \1"h('n mrieties 
enter IIny now station, they occasionally assunle IIOme of 
the cham('tcrs proper to tho specics of thnt station. In 
both varil'ties and species, use find disuse sceDl to haW' 
produced a considerable effect; for it i.il impo!l~ible to 
resist this oonclusion when wo look, for instance, at the 
logger-headed duck, whieh hill! wings in('apable of flight, 
ill nearly tho same condition Ill! in thl' dOIllC!'ltie duck: 
or when wo look at the burrowing tlleutlleu, whieh is 
ocensiolla.l ly lIlind, and then at (!(!rtain mole~, whieh are 
habitually blind and llave their eyes ('Overed with skin; 
Of whl'n we look at the blind animals inhabiting thA 
dark m\·cs of America fllld Europa.. In mrieti('S and 
species correlated \Oariation seems to 1111.\00 played an 
importflnt part. 80 that when ono part hns been modified 
other parts hare been necessarily modified. In botll 
varietics nnd species reversions to long. lost characten;; 
occur. How incxlllicable on tho theory or creation i.iI 
tho ~(!ftsional appearance of stripes Oil the shoulders 
anel 11'g11 of tbe 6ewrnl species of tho horse-genus and 
or their hybrids! IIow simply is tllis fact explained if 
lI"e believo that these species are nil de8CClided from 
a striped pfogenitor, in the same mall ncr ns tho ge\·eral 
dom<>stie breeds of tbe pigeon are descended from the 
blue and barred rock-pigcon! 

{Q The Comolete Work of Charles 8rw11 DnIir"It!, 
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Ou the ordinary ,-jew of eacll species hlwing ~n 
independently created, why should tho specific charac· 
wn, or those by which the species of tho same genus 
diffcr from each otb('r, be more ,oariablc than the generic 
chanu.1.ers in which they all ~"TCO? \\11Y, for in;;tanec, 
should the colour of a flower be more likely to vary in 
Anyone species of a genllS, if the other species, supposed 
to Imve been created indcpendently, ll!lve differently co
loured f1oweN, thAn if all the species of the genUli ha'·o 
tho &aIDe coloured f1o,,·crs? If SI)(>(lies are only well· 
marked varieties, of wllich the characters OO,'e become 
in a high degree permanent, wo can undenrtun(l this 
ftlCtj for they havo alrcady "oried since they branched 
off from n comlllon progenitor in ccrtaiu characlcrs, by 
which they ha,"o como to be specifically distinct from 
each other j therdore dle6e sarno characters would be 
morc likely again to vary than tho generic charncten 
which have been inherited withont change for an enor
mous period. It is ine:t"plieablo on tho theory of crea
tion why a part developed in a very unusual manner in 
/lily one ~pooie8 of a genus, and therefore, as we may 
naturally infer, of great importance to that BjM!C.ies, 
should be eminently liable to "ariation; but, on our 
viow, this part has undergone since the several species 
branched ofT from n. common progenitor, an IlllllStml 
amount of v$riability and modification, and therefore 
we might e1pect the part generally to be still variable, 
But a part may be developed in the most nut:sual 
manner, like the wing of a bat, and yet not be more 
mriablo than Any other structure, it the part be com
mon to many 8uoordinaw forma, thnt is, if it haa been 
inherited for It. "cry long period; for in this ellSO it will 
have been rendered COlIStant by long-oontinued natural 
flClection. 

Glautiug At instincts, man·ellolls as some arc, they 
20 
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offer 110 greater difficulty than doea corporco.l structure 
on the theory of the natuml selection of alloeetlllive, alight, 
bnt profitable modifications. We can thus uud"rstand 
why natUf(l moves hy graduated atcllll in endowing 
different animals of the samc clru!ll with tlleir IIOveral 
iustincts. I hM'e attempted to show how much l ight tbe 
principle of gradation throwli on the admirable archi
tootuml powcrs of tbe hive-l:Je(J, Habit no doubt some
times COrnea into play in modifying instincts; but it 
certainly is not indispensable. as wo 800 in tbo case of 
neuter insects, which leave no progeny to inherit the 
effecta of long-continued habit. On the ,;ew of all the 
spceiea of the same genus ha\'ing deecended from a 
common parent, and having inherited milch in common, 
we can ullde.ratand how it is that allied species, when 
}llacOO UDder widely differeDt oollditioU8 of life, yet 
follow nearly the same instincts; wIly the thrushes 
of tro))ical and temperate South Amorioa, for instance, 
lino their nests with mud like our British spccios. 
On tIlC ,' iew of in~tinctB haYing been slowly acquired 
through llo.turoJ selection, we need not marvel at 80me 
instineill being apparently not perfect and liable to 
mistakes, and at many inatincill caming other animals 
to suffer, 

If species be only well-marked and permanent rurie
tics. we can at once IlOO why their cl'06&Od offspring 
should folloll' the same complex laws in thcir UI'gl'CeII 
and kinru 'Of rcecmblance to their ptu"Cnts,-in being 
aheorbod into each other by suooe&t;i"e croeses, and in 
other 8uc:h pointa,-as do the eroB3Cd offspring or 
acknowledged \'nrieties. This similarity would be a 
strange fnet, if species 11!l.Ve been independcuOy created 
aDd varicties have been produced through secondary 
laws. 

I f ,.'e admit that the geological record is imperfect 
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in an extreme degree, then the fnets, whieh the rceord 
doce gh'e, strongly support. the theory of deset'nt. mtll 
modification. New llpeciea have oome on the stage 
elowly and at sueeessive intervals; and the amount. of 
('hange, after equal intervals of time, is widely different 
in different gronpe. 'L'he extinction of epec-iOll and of 
whole groups of species, which lUIs played 80 conspi. 
CI10US 0. IJ!lrt in the history of tho organic world, o.lm08t 
iuevitably follows from the principle of natural selec
tion; for old form~ are rnpplantoo by new and improved 
fonns. Neither single I!pecies nor grour'll of spooies 
reappear when the chain of ordinary generation is once 
broken. The grndual diWusion of dominant forms. with 
the slow modification of their dcsccndante, eau!IEfI the 
forms of life, after long intervals of time, to appear as 
if they IHld changed simultanoously throughout the 
world. Tho fact of the fossil remains of ench for· 
mation being in some degree intermedinto in clHlmcter 
betwccn tho fosai1s in the fonnntions aoovo and below, 
is simply explained by tlleir intenncdiato poaition in 
tho chain of dC8Cent. Tho grand fuet that all extinct 
beings can be classed with all recent beings. natur
oUy follows from the living and the extinct being 
tho offi!:pring of oonlnlOn pe.rcnta. .As speeies ha.e 
generaUy (liverged in ehanlcter during their long 
course of de~nt. and modification, wo can understand 
why it i!J that tho more ancient forml, or early IJro
genitors of each grouIJ, 80 often occupy a position iu 
soma dc~ iutermediate between existing gronps. 
Recent forms are geuemlly looked at [Uj being, on tho 
whole, higher in the IICtI.le of orgo.niantioll thall ancient 
form9; and they must be higher, in so far as the later 
and mora improl'ed forms have oonquerc.l tllo older 
and 1C88 improl'oo forms in the strugglo for life j they 
have also generally had their organs mora SllCCialil!cd 
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for different functions. This fact is perfectly COm· 
pAtible with Dumerom beings still retaining simple amI 
but littlo improved structures, flltod for lilllple condi· 
tion~ of lifo; it is likewise compatible with SOlliC forms 
lJ8l'iuS' retrograded ill organisation, by having become 
at each stage of descent better fitted for changed nnd 
degraded habits of life. Lastly, tho wonderful lUI\" of 
tho long endumnce of allied forUlS on the samo conti. 
nent,--of mursupials in Austmlia, of edelltata in Ame
rica, and other such cases,-is intelligible, for generally 
within tho samo country, tho existing and tho extinct 
lIill be cloeely allied by descent. 

Looking to goographical distribution, if we admit that 
thero has been during the 101ig course of ~o-es much 
mignltioll from 0110 pnrt of tile world to auother, owing 
to fonner climattll and geographical chaDges and to 
tho mllny oocasional aud unknO"'I menns of dispeml, 
then wo can llnderstnnd, on tho tlICory of descent with 
luodifieation, m06t of the great leadiug fncts iu D istribu
tion. Wo can see wby there should be so striking a 
para.l1elism in tile distribution of organie beinga throngll. 
out space, and in their geological 8uooeB!!ion thronghonl 
time; for in botl! cases tho beings have been collueded 
by the bond of onliunry genemliou, and the mcans or 
modification lune been the some. We see the full 
meaning of tho wonderiuJ fnet, which has 8tnlck e.ery 
tra,'ellcr, luunely, that on tho some continent, under 
the mORt dh'ct1le conditiona, under hcat n.ud cold, on 
mountain and lowland, on deserts and marshes, most 
of tho inhabitants within each great clnss are plainly 
related; for tlwy are tho de9C(!udanta of tho some pro
j:tCnitofll Imd early colonists, On this same principlo of 
fonner migration, combined in most C!llK'8 with modifi· 
cation, we can undcrstand, by the aid of the Glacial 
pcriO'J, tile identity of some few plants. and the close 
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alliance of mnny others, on tile mOlit distant Inountaill!!, 
and ill the northern and southern temp<"l1lt(' Zon('8 j aDd 
likewise the close alliance of 80me of tho inhabitants of 
the sea ill the northent Rnd &Ontllern tempernto lati· 
tudes, though IK'pnratcd by tile whole intertropical 
ocean, Although two couatries may present I)hysical 
conditions 118 c1011Cly similar as the slime species ever 
roquire, wo need feel no surprise lit their inhabitants 
being widely <liffeI'Cnt, if tIley IU"lYe b!>en for a long 
period ooDlpletcly sundered from ell('11 oti)(lr j for as the 
relation of OrgnUUlIll to organism is tile most important 
of all relatiolls, and as the two countriC'8 will hal'e 
recei\'oo colonista at ,-arious periods an<l in different 
proportions, from BOme other country or from each 
olher, the oourso of modification in the two areas will 
inevitably IlIl\"e beeu different 

On this "iow of migration, with subeE>qu('nt modiSon· 
lion, we 800 why oceanic islands are inhabited by only 
few species, bnt of these, why many are peculiar or 
(mdemic forms. We clearly see why Bp<!<:ies belonging 
to thoso groups of animals which cannot crOllS wide 
spaces of tbe ocean, as frogs and terrestrial lJlalllmal~, 
do not inhabit oceanic islands; and why, on tile othcr 
hand, lIew and p<!Culiar species of bata, animals which 
CI\D traverse tIlO ocean, are 80 often found on iglands 
far distant from any continent. Such cases as the pre· 
sence of Jlcculiar species of bats on oceanic islnnd~, anll 
the absence of all other terrestrial mammals, are facta 
utterly inexplicable on the theory of independent acts 
ofcrelltion, 

Tho cxistenco of elOllCly allied or reprcRentatiyo spe
cies in any two arcilll, implies, on tho thoory of desccnt 
with modification, tho.t the sarno pnrcn~rorm8 formerly 
inhabited both areas; and wo almost inmriably Sud 
tho.t \\herC\·C1 many closely allied 8pecies inhabit tll"O 
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areas. some identical species are still common to both. 
Wherever many closcly allied yet. distinct I1pecies occur, 
douutful forms aud varieties belonging to the sarno 
groups likewiac occur. It is 8 rule of high geuernlity 
that tho inhabitants of each area are related to tho 
inhabitants of tho nearest source whenco immigrantB 
might lmvo been deri\·OO. We seo this in the striking 
relation of nearly all the planUl lind animals of the 
Galapagos nrcllipelngo, of Juan Fcrnnndc1., lind of tho 
other American islands, to tho I)illllta and animals of 
tho neighbouring AmcriOOll mainland; and of those of 
tho Cope do Verde archipelago and of tho other African 
wands to the African mainJalld. It must be admitted 
that tlle80 facts rccei,'o no cXlllanntioll on tho theory of 
creation. 

Tho fact, WI we have seen, tlIat all poat and present 
organic beings can be arrange<l within a ft;w great c!a,,;ses, 
ill groupe subordinate to groups. and with tho extinct 
gronp8 often fulling in betWOOIl tho recent groups, is 
intelligiblo on tho thoory of nntural selection ",-ith iti> 
contingencies of extinction and divergenco of character. 
On thCliO 8tlmo principles we &eO how it i8, tbat tho 
mntual afllnities of tho forms within each elllS8 are so 
complex and circuitous. We &eO why certain characters 
are far more 6enioeahlo than others for ciassificatiOll; 
-why adallti\-o characten, tbough of pnramoullt WI
portallce to tho beings, are of hardly any importance in 
elaaeification; wby charoctcrs derived frem rudimentary 
lJ6rts, though of no serrioo to tllo beings, nre often of 
high classificntory value; and why embryological cha
racters arc oftell tho most mluablo of all. 'l'ho real 
affinities of all organic bewgs, ill contradistinction to 
their adallth-o reselllbhmces, are duo to inheritanco or 
OOlllllllluityof desccnt. The Natnrnl System is a genco.J.
logical arrangement, with tho acquired grndes of dif-
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fen!nce. marked by the terms, varieties, IIIk'Ciel, gencm, 
families. &c.; nnd wo havo to diilCOvcr the lines of 
dCllCeDt. by the most permanent. characters whatever 
they may bo aud of however alight "ital importanC<!. 

The similar framework of bones in tho hand of a 
man, wiug of n. bat, fin of tho porpoise, find lcg of tllO 
horse,-the sn.me liumoor of vcrtebrro fOfming the neck 
of tile gimffe and of the elcphnnt,-and innumerable 
other such facts, at once explain themselves 011 the 
theory of dCIICCnt with slow snd slight. successive modi
ficatiODB. The similarity of pattern ill tho wing and in 
tho leg of a bal, though used for such different pur .. 
po:Je,-in tho jaWli and legs of a erab,-in tho petals, 
stamens, nud pistil,g of 0. Dower, is likl'willO intelligiblo 
on the vi"w of tho gradual modification of puts or 
OrgnllB, which wero aboriginally alike ill an early pro
genitor in each of these classes. On tho llrinciple of 
lIIlC<!cssiro mriatiollS 1I0t always super-roning at fill early 
age, and being inherit«l at a corresponding 1I0t. early 
period of life, we clcnrly see why tho embryos of mam
mals, birdll, reptiles, and fishes are SO closely similar, 
and 110 unliko tho adult. forms. 'Ve may C<!88e marvel
ling at tho embryo of all air-breathing mammal or bird 
having bronchin1 slits and arteries running in loops, 
like those of a fish which has to breatho nir dissoh-cd. 
in watcr by tho aid of well-developed bronchia>. 

Disuse, aided IIOmetimes by natuml selection, lias 
often reduced organs when thoy run-c beoomo lISf'less 
undcr changed habits or conditions of life; and we 
co.n clearly undel1ltand on this view tho meaning of 
rudimelltnry organs. But disuse nnd selection will 
genemlly act. on each creature, whcn it hns come to 
maturity and has to pllloY its full pnrt in tho strugglo 
for existencc, aud will thus havo litUe l)Ower on un 
organ during early life; hence tho organ will not be 
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reduced or ten(\crcd rudimentary at this early age. 
The calf, for instance, hlUl inherited teeth, which nover 
cut through the gums of the upper jaw, from au oorly 
progenitor lllwing well-de\'clopcd teeth; and we may 
believe, that the teeth in the mature animal were 
reduced, during llUC<'e88i"o generations, by disuse, or by 
tho tongue nllcl palate, or lips, hlwing become better 
filted by natural seiectioll to browse without their aid; 
whereas in the calf, the tooth Imve been left untouched 
by ee1ection or disU8E', and on tho principle of inherit
ance at corresponding ages have been inherited from a 
remote period to the present day. On the view of each 
organic being with all its Kopnmte ptlrts having been 
RpC('inlly crented, how llttcrly inexplicnble it ill that 
organs bearing the plain stamp of inutility, such 88 
tho teeth in the embryonic ca\( or the shri\"ellcd wings 
under the soldered wing-coyers of many beetlCl't should 
80 frequently occur. ~nture may be f!fI,id to ha\'e taken 
pains to ro\-enl ller scheme of modification, by mcalls of 
mdimentaryorgnns,embryologicnland homologous stmc
tUre9, but wo wilfully will not understand the scheme. 

I hal"e now reropitulated the facts Ilnd ronsidera
tions which b/we thoroughly oon\"inocd me that species 
havo been modified, during a long course of descent, 
e1liaHy through the natural IKllection of numerous 
6tux!ftl8ivc. I!light, fa"l"ouTftble \·arintions. I cannot be
lieve that A. false theory would explain, as it seem!! to 
me thfit the theory of natural selection dOO8 explain, 
tile several large e1asses of facts aoo"l"o specifled. It is 
no "alid objection tlmt .science 88 yet throws no light on 
tbe far higher problem of tho CascllOO or origin of life. 
Who can uplaill wllat is the (>S8(!nce of the attraction 
of gravity? No 0110 now objects to following out the 
l't'6ults oonsequent on this unknOlnl clement of aUrae-
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tion; notlfithst.nuding that Leibnilz formerly accused 
Newton of introducing "occult qu.nlities nud miracles 
into philosophy." 

1 IlOO no good reason why the ,-;ew8 gl,'en in this 
volume should shock the religioU!! feelint;'! of anyone. 
It is sntisfactory, (IlJ showing how tran8ient Buch im· 
pressious nrc, to remember tlmt tho greatest disool'cry 
crcr mnde by mim, nnmely, tl16 Jaw of the attraction of 
grILl-ity, was abo attacked by J...eibnit1., "(IlJ BubHlI'!!live 
of natural and inferentially of re"enled religion." A 
celebrated author and diville has written to me that 
"he h(llJ gra(lually learnt to see t.hat it i8 just as noble 
a conCJelltion of the Deity to beli(we that He created 
lL few original forms capable of self-<1ovelopmellt into 
other and needful forms, as to believe that Ile required 
n fresh Ul't of creation to Bupply the \'oids caused by the 
nction of His lawi!." 

Why, it may be asked, until recently did nearly 
all tho most eminent living naturalists lind goologisl8 
reject this view of the mutability of spccies. It cau· 
not be IIsserted that organic beings in II. IItnto of nature 
are subject to no mriation; it cannot be llro,'ed that 
the amount of "nriation in the oourse of long ages is a 
limited quantity; no clear distinetion has been, or can 
be, drawn betWl'('n f:JlCCies and well-marked \'lIricties. 
It canllot be mnintained that species when intcrcrosscd 
arc i,wariably sterile, and nrieties im-ariably fertilc; 
or that sterility is a special endowment and r;ign of 
creation. The belief that specics wore immutable pro
ductions W(lll IIlmost unllvoidablo liS long as the hidtory 
of the world was thought to be of sllOrt durntion; and 
1I0W that we Iliwe acquired somc idcn of tiiO lapso of 
time, we are too npt to assumc, v.-jthout l)roof, that 
tile geological record is so perfect that it would lliwe 
afTordro tiS ploin e,-jdcnce of the mullltiOIl of species, 
if they had undergone mutation, 
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But tho chief C81130 of Ollt' untural unwillingn('8g to 
admit thnt ouo species has gi,'eu birth to other and 
distinct species, is that wo are alway8 slow in admittiug 
auy great chaugo of which ''1'0 do not &00 tho IIteps. 
Tho difficulty ill the same as thnt felt by 80 many ge0-

logists, when Lycll fil1lt insisted that long liues of inland 
cliffs had boon formed, aud great valleys excavated, by 
tlte "o<>'(lllcics wlJich wo seo ~till nt work. 'l'he mind 
cannot possibly grasp the full menuing: of the tenn of 
O,'CIl ten million yeal1l; it cnnnot add up anei peroeim 
tho full effects of many slight variations, accumulated 
during an almost infinite number of generation!!. 

Although I am fully con"inoed of tho truth of tho 
"jews given ill thiB ,'olumo IUlder tIle form of an 
abstract, I by no means expect to eom'ince experienC(!(] 
naturalista whose minds are sleeked with a multitudo 
of fnets all viewed, during 8 long course of years, from 
a point of view directly opposite to mine. It is 80 easy 
to hido our ignoranoo under 8\1ch expressions 8S the 
"plan of creation," "uuity of design," &c" and to think 
t1l8tWO gi,'e an explanation when we only restato a fact . 
Ally ono whoso disposition lends him to attach mom 
weight to une:lplnincd difficulties th..'lU to tho explana
tion of n certain uwubcr of facta will certainly reject 
the theory. A fow unturalislB, endOIl'cd with much 
flexibility of milld, and who ha,'o already begun to 
doubt tho immutability of Ifpeeies, may bo influenced 
by Ulis volume; but I look with oonfideneo to tho Clltllre, 
to young and rising naturnlislB, who will be oblo to 
view both sides of tbe question with impartiality. Wh~ 
over is led to believe thut species are mutablo will do 
good servico by ooliscielltioll8Iy expressing his oouyic
tioll; for tIlItS only CUll the load of prejudice by which 
tIus subject is overwhelmed be remo,·ed. 

Suverol eminent nnturolisu ha,'o of Into llUblishod 
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their belief that a multitude of reputed species ill Ctl.ch 
genua are not real species; but that other species are 
reeJ, that is. ha\'c been independently created. This 
seems to IlIC a Btmngc conclusion to arrim at. They 
admit that a multitude of (omls, which till lately 
they themselves thought were tTj>eeiai creations, and 
which nrc still thuB looked at by tho mnjori~y of Ilatu
m]j,;ls, and which consequently have all the external 
charnctcrinic r~atures of true species,-they admit Ulat 
these have ken produced by ""nation, Lut they refuse 
to extell(i tho Barno liew to other and slightly different 
forma. NC'I'crthcles they do not llrctcnd tImt tlu:lY can 
define, or {l"en conjecture, which aro tho created famtS 
of life. andll hich aro tbose produced by ICCOndnry laws. 
They admit variation as a t.'era talU(l in 0110 case, they 
arbitrarily reject it in another, without nssignillg any 
distinction in tho two CiI.S€6. Tho day will oomo wIlen 
thia will be giw!n lUI a curious illustration of tho blind
ness of preconceived opinion. 1'he80 authon seem 110 

more stnrtJed at a miraculous net of creation than at 
an ordiuary birth. But do they really belio\·o tbat at 
innumerablo IlCriods ill tho earth's hiatory certain ele
mental utOlDii ha\·o been commanded suddenly to flash 
into Ji,-iug tissues? Do they believe that at each sup
posed act of creation one individual or many were pro
duced? Were all the infillitcly numeTOWI kinds of 
snimals amI lllants created as eggs or seed, or 88 full 
grown? and in tllO CCL80 of mammals, wcre thoy crested 
bearing tho false marks of nourishment frolD the mother's 
womb? Undoubtedly these samo C),uestioll8 callnot bo 
answered. by t1l066 who belie\'o in tho a)lllCarnnco or 
creatioll of oilly 11 fe\1" forms of lifo, or of 80me ono 
fonn alolle. It haa been maintained by sm-ernl authors 
that it is n.s oasy to believe in tho creation of a 
hUlldrcd million beings as of ono j but Maupertuis' philo-
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80phical a.xiom "of least action" lends 11le mind more 
willingly to admit the smaller number; and eertoinl ~" 

we ought not to believe thut innumerable beinb'll within 
each great class ha"l"c been created with plain, but de· 
cepli"e, marks of descent from a single Ilftf'(>nt. 

Jt may be nskod how fllr I extend the doctrine of tile 
modification of spooies. The question ill difficult to 
answor, hecnuso the more dist inct tho forms are which 
we consider, by so much tho argumrntli fall away in 
force. But BOme arguments of tho grootest weight 
extend very far. All the membel"8 of whole c111SSeiJ 
arc oonne<'ted. together by a ehain of aHhlities, and aU 
can be cllUIIlified on tbe same principle, in groups subor
dinate to groups. Fossil remains sometime!! tend to 
fil l np "ery wide intervals between existing orders. 
Organrs in a rudimentary condition plainly sbow that an 
carly progenitor had the organ in a fully donloped 
state j and this in some instances iml)lies nn enormous 
amount of modification ill the desccndnntli. l'hrough
out wllolo classes mrious structures are formed on the 
sarno pattenl, lind at a very early ago the embryos 
dO!l(!ly rcaemble eaeh other. Thcrerore I mnnot doubt 
that tho thoorY of descent with modifl{'tltion em
braces all the ~embers of tho sarno c1C\811. I bcli('vo 
that lIoimnls ani descended froOi lit 11l000t only four or 
fh"e progcn ito~ and plantli from an equal or less.;r 
number. 

Analogy would lead Ole one step farther, namely, to 
the belicf that aU animals nnd planu are dl'lICCnded 
froOi some ono prototype. Bllt analogy may be II. de
ceitful guide. NeverthelcSil nil living things ha,"e much 
in comrnon,-in their chemical comJlO8ition, their ecllu
lar atnreture, their laws of growth, llnd their liability to 
injurious inllu('nces. We see this oven in 80 trilling II 
fnet as that tho SlIme poison often similarlya!Teets plants 
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and animals; or that the poison scerct.ed by tbo gnll_ 
fly prodUcefI monstl'OlliJ growths on the wil(iroso or oak
tree, With all organic bcinga sexual reproduction 
seems tc be e68eutial1y similar. With all, AI fur as is 
at preselll known, the germinal vesiclo is the sarno; so 
that all org:onisllls start from a common erigiu. If we 
look O\'en 10 the two mail) divisicns-namely, te tile 
animnl amI \'cgctable kingdems-ccrtain lew forms nrc 
so far intennediate in character that Ilntumiists have 
disputed to wllieh kingdom tbey shonM be referred, 
and, fIB Professor A.so. Gmy hflS remarked, .. the spores 
lind ether reproducth'e bodies or many er the lower 
ulg!e luay claim to ha\'e first a cha.rncteristicnllyunimal, 
and then an unequi \'ocally vegetable existence." Thero
fere, en the IJrinciple £If natural !M'lectiou with dh'er
genoo er chal"Ootter, it dOO'l net &e<:m illeredible that, 
rrom !lOme such low and intennediate form, both animals 
and plnuts may llUvo been develcped; and, if we admit 
this, we must likewise admit that ull the organic beiugs 
whieh have e\'cr lived en this eanh may be dcsceuded 
from some eno primordial ferm. Bnt this inferenoo 
is chiefly grouuded en Illlalogy, and it is immatel'ial 
whether er nct it be IlOCeIJted. Nc doubt it is possible, 
as Mr. G. H. Lewes hflS urged, that at tho first com
mencement or lifo many different fcrms were o\'clved; 
but if 80, wo may concludo that culy a wry few htwe 
len modified descendants. For, ILlI 1 ha\'o recently 
remarked in regard to the members or each guat class, 
such Il.8 tho Yertebrnta, Articulata, &e., we have distinct 
el'idenoo in their embryelegieal, homolegous Ilnd rudi· 
mentary structurCl!, that within eneh clll.8>l all are de
scended from a single progenitor. 

'Vhen tho yiews advanced by me in this yolume, 
and uy )lr. Wallace II) the Linncan JournMI, er whel) 
analogous views en tho erigin £If species are generally 
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OOmilted, we can dimlv foresee that th<!re win be R 

ooruridf'nlobJe revolution in natuml history. Systematim 
will bo able to pursue their labour! ae at proecnt; but 
they will not be incessantly haunted by t116 wOOow), 
doubt wh<!tlicr this or that form be a true 8pecies. 
'fhis I f<!Cl sure, and I speak after experience, will be 
no slight r<!licf. The endJess di!pllt.es whether or not 
BOrne fifty SpeciC6 of British bramMcs nre good species 
will cease. Systematists will hayc ouly to decide (not 
tlint this will be ensy) whether any form be sufficiently 
constant and distinct from other forms, to be capnblc of 
definition j and if delInable, whether the differences be 
sufficiently important to deser.e II. specific namc. This 
latter point will beoome a far more flB8ential ooruridf'ro
tion than it is at present; for differcllf'CII, however 
Blight, between any two forms, if not blcnded by int('r
mediat.o gradations, are looked at by mOllt natumlists 
as 8ufficient to raise both forms to tIle milk of speci(ll!. 
Hereafter we Bhall be compelled to af'knowledgo that 
tho only distinction betwccn speciee nnd woll-marked 
,·arietit:ll is, that thc latter are l.-no"ll, or belicw'd, to be 
connected at the present day by intermedinte gradations, 
wlu:!leae 8pcciC6 were fonnerly thus oonnC'rled. lienee, 
without rejecting tho consideration of tho present exist
cnoo of intermediate gradations betwccn any two forms, 
we .hall be led to weigh more carefully and to YIlluu 
liig))cr the actual amonnt or difl'urenoo betwoon th~'m. 
It is qnite po&<iiblo tliat fOrml! now generally o.ckIlOl\'
ledged to be merely varieties m"y hcrcnfter be thought 
worthy of specific names j and in this CI180 scientific Rnd 
common language will come into MCQrdal)c<!. In Sllort, 
we shall h6\·o to treat species in the Mme mallner as 
those I\atnralists treat genera, who admit thnt gencra 
nrc merely artificial combinations mOOe forcon.eniPIlC<!. 
Thill may not. be a cheering prospect j but we shall at 

£) The Cornolete W rk of Charles DSrwl l DnIir""Ie 



CUAr.XI\'. 575 

least be freed from the ,·ain search for the undiscoyercd 
and undi800vernble CSlICncc of the teMU s)lCCice. 

TIle other and more general departments of natural 
history win rise greatly in interest. Tho tennB UBed by 
naturalists of affinity, relationship, community of type, 
paternity, morphology, adapth'e characters, rudimcntAry 
and aborte<l orgtlns, &c., will ('Cast) to be metaphorical, 
and will have 0. plain signification. Whcn wo 110 longer 
look at an organic being as 8. savage looks at a ship, 
IUllJOmething wholly beyond his comprehcll.sion; WilCD 

we regard o,'ery Ilnxiuction of natum as ono which has 
had 8. long Ilistory; when wo contemplate every com
plex stnlcture and instinct as the summing up of many 
contrivallces, each U8('ful to the po88('88Or, ill the samo 
way lUI any great mcchaniCtll inyeution is the mmming 
up of tho labour, the experience, tho rcs.son, and ovon 
tho blunders of numerous workmen; when wo thus 
" iew each organic being, holV far mort) intel'C'llting,-I 
speak from exporiencc,-does tho study of Datural 
history becomo! 

A gmnd and almost untrodden field of inquiry will 
be opened, on tho causes and mv.""8 of mriatioll, on oor
relation, on tho offects of Il30 (1nd disusc, on tho direct 
nction of external conditions, and 80 forth. Tho study 
of domestio productions will rise immenscly ill \'alue. A 
1I0 W variety misro by IIl.iUI will beamoreimportantand 
interesting subject for study than OliO more apecics 
added to the intlnitude of already recorded species. Our 
c\n&;ificatiollB will come to be, as far 39 thoy can be 80 

made, gcnealogiC8 ; and will then truly givo wllllt may 
be called tho 1118n of creation. Tho nllea for cl(l.~ifyiug 
wilIllo doubt becomo simpler whell wo 11(1\,0 a definite 
object in view. "TO posses3 110 pedigrees or armorial 
bearings; find wo ha\'o to discover and trnoo tho many 
uhwging linea of descent in our naturnl genoologiC!S, by 
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characters of nny kind which ha\'e long Lcen inherited, 
Hudimcntary organs will speak inrullibly "'itl! respect 
to tho nature of long-lost structures. Sp<!cietl and 
groupe of SI.«'ieS. which are called aberrant, and which 
!DIly flUlcifully be called Jj"ing f088ils, wil( nid us in 
forming a picture of the aucient forms of life. Embryo
logy will often re,'cal to 118 tbo structure, in some degree 
obscured, of the llrototypcs of each great clOSil. 

When we can fed assured that all the individuals of 
the Slime species, and all the closely allied species of 
most genera, have within a not l'ery remote period de--
800nded from ono parcut, and bal'e migmted from some 
one birthplace; and when we better know the many 
means of migmtion, then, by the light. wll ieh geology 
now throw;:;, and will continue to throw, on fomler 
changes of climate audof tho io,-el of tho land, wo shall 
surely be enabled to trace in an admirable manner the 
fonner migrations of the inhabitants of the wholo world. 
£,'en at IlfC8Cnt, by comparing tho differences of the 
inhnbitanta of the sea 011 the opposite sides of 0. conti
nent, Ilud the uature of tho various inlil\biUlIlUJ of that 
contillCnt in relation to their apparent meaus of immi
grolion, 8Omolight can he throwll ollllllcientgeography. 

The noble science or Geology 10ge8 glory from the 
exir(!lIle imperfection or the reoonl. '1'he crust or the 
earth with its embedded remains must not be looked at 
as" well-filled museum, bnt as a poor collection made 
at hazanl and at rare inten-als. '1'ho nccumulation of 
each great fossiliCcrou~ formation will be recognised as 
having dopended on fill unusual concurrellco of favour_ 
ablo cirClIlIlstRl\ces, and the blank interl"ltls betwoen tho 
succo8l!i\'e BUlges as having been of Vllllt duration. But 
we shall be nblo to gauge with some accurity t he duratiOIl 
of t hese inten'nls by a oompnrisoll of the Ilreccding and 
succeeding organic forms. We must be caulioUli ill 
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attempting to correlate as strictly oontemllOrauoolU two 
formation8t which do not include mlmy identical species, 
bytbe gcncrnlsuccession of the forms of life. As speciea 
nre IJroduced and exterminated by slowly acting and still 
existing caUSCfl, lind not by miraculous acts of creation 
awl by catnstropilca; and ng the moat importilut of all 
eauses of orgnnie chnnge is ono which is almost indepen
dent of altered Rnd perhaps suddenly altered IJhysical 
conditions, namely, tho mutual relation of organislU to 
orgauism,-tile improvement of one organism entailing 
the improvement or tho cxtenllinatioll of others; it fol-
101l"8t that tile amount of organic chauga iu tho fossit, of 
conaccuth'o fonuatiollll probably 8er\'088!11\ fair me8!lure 
of tIle lapse of actual time. A number of species, how
e\'(~r, keeping in a body might remain for II. long period 
unchanged, whilst within this I19.me period, BOversl of 
these Bpedes, by migrating into new countrica and com
ing inkl competition with foreign associates, might 
become modified; &0 that we must not ovcrrate the 
accuracy of organic chauge as a measure of timc. 
During early IKlriods of the earth's history, whcn the 
forms of life were probably fower and simpler, the ro.teor 
change W8!l probably slower; aud at tile first dawn of 
life, when "cry fuw forms of the simplest structure 
cxisted, the rnle of change may hava been slow ill an 
extreme degree. 'l'ho h istory of the world, 81 fit present 
known, although of immense length, will hereaftcr be 
recognised as short, compared with the ages which Illust 
havc clapsed since the first organic beings, the proge
nitors of innuniOrable extinct and living descendants, 
fllJpcared on the IItage. 

In the distant futuro I see open Jields for fllr more 
important rC8Carches. Psychology will be b&sod on 8. 

now fonndation, that of the nCCCBB8.ry arquiremcnt of 
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each mental power and capacity by gradation. Light 
will be throlll'n on the origin of mall and his history. 

Authors of the highe.rt eminence eeem to be fully 
satisfied with the view that each species has been inde
pendently created. To my mind it aceords better with 
what we know of the law9 impreftSCd on matter by the 
Creator, that the production nnd extinction of the Pllst 
and pre!'ent inhabit(lnts of the world ehould have been 
duo to 8000ndary causes, like thOlO determining tho 
birth and death of the indi"iduaJ. Whell I view all 
beings not as special creatiol\lJ, l.fllt as the lineal de
scendants of 80me few beings which )j"oo IOllg before the 
6.rlit bed of the Silurian system was deposited, theYlICCm 
to me to become ennobled. Judging from tile pa!!t, we 
may safely infer that not one ]j,·illg spedee will trans-
mit its lInruk!red likeness to a distant flltUrity. And of 
the species now living very few will transmit progt'ny 
of any kind to a far distant futurity; for the manner in 
which all orgauie beings are grouped, shows that tIle 
greater number of species in each genus, and all tIm 
species ill many genera, have left no descendants, but 
ha,·e beeome utterly extinct. ' Vc can 80 far take a 
prophetic glance into futnrity lUI to foretell that it will 
be the common and widely-spread species, belonging to 
the larger and dominant groups within each class, which 
willuitimak!ly prevail and procreate new nnd dominant 
species. As all the living forms of life are the lin('nl 
deseendantsof those which lived long bcJore the Silurian 
epoch, we may feel certain th.at the ordinary succession 
by generation has never once been broken, and that no 
cataclysm hIlS desolate(l the wllOle world. Henee we 
may look with 80me confidence to a secure future of 
equally inappreciable length. And as natuml selection 
works 801ely by nnd for the good of each being, all cor-
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plreal and mental endowments will tend to progrea 
towarda perfection. 

It is interesting tooontemplate II. tangled bank, clothed 
\lith many plants of many kinds, with birds singing 
011 the bushes, with various iDl!eCts flitting about, and 
with womlS crawling through tbe damp earth, and 
to relied thnt thcso elaborately constructed forms, 80 
different from each other, and dependeut on each other 
in 80 colllll\ex 11 manner, have all been produced by 
laws acting around U!!. These la\\"s, taken ill tIle largest 
sense, being Growth with Reproduction; Inheritance 
which is almos' implied by reproduction; Variability 
from the indirect and direet action of the conditions of 
!ife, and from use and disuse; a Ratio of Increase 110 

high as to lend to a Struggle for Life, and as a con
.sequence to Natural Selection, entailing Din~rgelloo 

of Character and the Extinction of l6!lS-imllr()\'e<I forms. 
Thus, from tho war of nature, from fumille and death, 
tIle lIl06t exalted object which wo arc {!nlmblo of oon
ceil'iug, muneiy, tho production of tho higher animaL.., 
directly follo\\"8. 'l'here is grnndcur in this I'iew of l ife, 
with its sol'eral powers, baving been originally breathed 
by the Cl1!tltor into a few forlIl.8 or into one; and that .. 
whilat this planet has gone cycling on ae<:ording to the 
fixed law of gravity, from so simple a beginning endless 
forlllS most beautiful and most wonderful have beell, 
alld are being, evolved . 
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