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

				Whewell: Bridge­wa­ter Treat­ise
			

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

				But­ler: Ana­logy of Re­vealed Re­li­gion
			

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

				Ba­con: Ad­vance­ment of Learn­ing
			

		
	
		
			An Historical Sketch of the Progress of Opinion on the Origin of Species, Previously to the Publication of the First Edition of This Work

			I will here give a brief sketch of the pro­gress of opin­ion on the Ori­gin of Spe­cies. Un­til re­cently the great ma­jor­ity of nat­ur­al­ists be­lieved that spe­cies were im­mut­able pro­duc­tions, and had been sep­ar­ately cre­ated. This view has been ably main­tained by many au­thors. Some few nat­ur­al­ists, on the oth­er hand, have be­lieved that spe­cies un­der­go modi­fic­a­tion, and that the ex­ist­ing forms of life are the des­cend­ants by true gen­er­a­tion of preex­ist­ing forms. Passing over al­lu­sions to the sub­ject in the clas­sic­al writers,1 the first au­thor who in mod­ern times has treated it in a sci­entif­ic spir­it was Buffon. But as his opin­ions fluc­tu­ated greatly at dif­fer­ent peri­ods, and as he does not enter on the causes or means of the trans­form­a­tion of spe­cies, I need not here enter on de­tails.

			Lamar­ck was the first man whose con­clu­sions on the sub­ject ex­cited much at­ten­tion. This justly cel­eb­rated nat­ur­al­ist first pub­lished his views in 1801; he much en­larged them in 1809 in his “Philo­soph­ie Zo­olo­gique,” and sub­sequently, 1815, in the In­tro­duc­tion to his Hist. Nat. des An­imaux sans Ver­tebres. In these works he up­holds the doc­trine that all spe­cies, in­clud­ing man, are des­cen­ded from oth­er spe­cies. He first did the em­in­ent ser­vice of arous­ing at­ten­tion to the prob­ab­il­ity of all change in the or­gan­ic, as well as in the in­or­gan­ic world, be­ing the res­ult of law, and not of mi­ra­cu­lous in­ter­pos­i­tion. Lamar­ck seems to have been chiefly led to his con­clu­sion on the gradu­al change of spe­cies, by the dif­fi­culty of dis­tin­guish­ing spe­cies and vari­et­ies, by the al­most per­fect grad­a­tion of forms in cer­tain groups, and by the ana­logy of do­mest­ic pro­duc­tions. With re­spect to the means of modi­fic­a­tion, he at­trib­uted some­thing to the dir­ect ac­tion of the phys­ic­al con­di­tions of life, some­thing to the cross­ing of already ex­ist­ing forms, and much to use and dis­use, that is, to the ef­fects of habit. To this lat­ter agency he seems to at­trib­ute all the beau­ti­ful ad­apt­a­tions in nature; such as the long neck of the gir­affe for brows­ing on the branches of trees. But he like­wise be­lieved in a law of pro­gress­ive de­vel­op­ment, and as all the forms of life thus tend to pro­gress, in or­der to ac­count for the ex­ist­ence at the present day of simple pro­duc­tions, he main­tains that such forms are now spon­tan­eously gen­er­ated.2

			Geof­froy Saint-Hil­aire, as is stated in his Life, writ­ten by his son, sus­pec­ted, as early as 1795, that what we call spe­cies are vari­ous de­gen­er­a­tions of the same type. It was not un­til 1828 that he pub­lished his con­vic­tion that the same forms have not been per­petu­ated since the ori­gin of all things. Geof­froy seems to have re­lied chiefly on the con­di­tions of life, or the monde am­bi­ant as the cause of change. He was cau­tious in draw­ing con­clu­sions, and did not be­lieve that ex­ist­ing spe­cies are now un­der­go­ing modi­fic­a­tion; and, as his son adds, “C’est donc un problème à réserv­er en­tière­ment à l’avenir, sup­posé même que l’avenir doive avoir prise sur lui.”

			In 1813 Dr. W. C. Wells read be­fore the Roy­al So­ci­ety “An Ac­count of a White Fe­male, part of whose skin re­sembles that of a Negro;” but his pa­per was not pub­lished un­til his fam­ous Two Es­says Upon Dew and Single Vis­ion ap­peared in 1818. In this pa­per he dis­tinctly re­cog­nises the prin­ciple of nat­ur­al se­lec­tion, and this is the first re­cog­ni­tion which has been in­dic­ated; but he ap­plies it only to the races of man, and to cer­tain char­ac­ters alone. After re­mark­ing that negroes and mu­lat­toes en­joy an im­munity from cer­tain trop­ic­al dis­eases, he ob­serves, firstly, that all an­im­als tend to vary in some de­gree, and, secondly, that ag­ri­cul­tur­ists im­prove their do­mest­ic­ated an­im­als by se­lec­tion; and then, he adds, but what is done in this lat­ter case “by art, seems to be done with equal ef­fic­acy, though more slowly, by nature, in the form­a­tion of vari­et­ies of man­kind, fit­ted for the coun­try which they in­hab­it. Of the ac­ci­dent­al vari­et­ies of man, which would oc­cur among the first few and scattered in­hab­it­ants of the middle re­gions of Africa, some one would be bet­ter fit­ted than oth­ers to bear the dis­eases of the coun­try. This race would con­sequently mul­tiply, while the oth­ers would de­crease; not only from their in­ab­il­ity to sus­tain the at­tacks of dis­ease, but from their in­ca­pa­city of con­tend­ing with their more vig­or­ous neigh­bours. The col­our of this vig­or­ous race I take for gran­ted, from what has been already said, would be dark. But the same dis­pos­i­tion to form vari­et­ies still ex­ist­ing, a dark­er and a dark­er race would in the course of time oc­cur: and as the darkest would be the best fit­ted for the cli­mate, this would at length be­come the most pre­val­ent, if not the only race, in the par­tic­u­lar coun­try in which it had ori­gin­ated.” He then ex­tends these same views to the white in­hab­it­ants of colder cli­mates. I am in­debted to Mr. Row­ley, of the United States, for hav­ing called my at­ten­tion, through Mr. Brace, to the above pas­sage of Dr. Wells’ work.

			The Hon. and Rev. W. Her­bert, af­ter­ward Dean of Manchester, in the fourth volume of the Hor­ti­cul­tur­al Trans­ac­tions, 1822, and in his work on the Am­aryl­l­idaceae (1837, pages 19, 339), de­clares that “hor­ti­cul­tur­al ex­per­i­ments have es­tab­lished, bey­ond the pos­sib­il­ity of re­fut­a­tion, that botan­ic­al spe­cies are only a high­er and more per­man­ent class of vari­et­ies.” He ex­tends the same view to an­im­als. The dean be­lieves that single spe­cies of each genus were cre­ated in an ori­gin­ally highly plastic con­di­tion, and that these have pro­duced, chiefly by inter-cross­ing, but like­wise by vari­ation, all our ex­ist­ing spe­cies.

			In 1826 Pro­fess­or Grant, in the con­clud­ing para­graph in his well-known pa­per (Ed­in­burgh Philo­soph­ic­al Journ­al, vol. XIV, page 283) on the Spon­gilla, clearly de­clares his be­lief that spe­cies are des­cen­ded from oth­er spe­cies, and that they be­come im­proved in the course of modi­fic­a­tion. This same view was giv­en in his Fifty-fifth Lec­ture, pub­lished in the Lan­cet in 1834.

			In 1831 Mr. Patrick Mat­thew pub­lished his work on Nav­al Tim­ber and Ar­bor­i­cul­ture, in which he gives pre­cisely the same view on the ori­gin of spe­cies as that (presently to be al­luded to) pro­pounded by Mr. Wal­lace and my­self in the Lin­nean Journ­al, and as that en­larged in the present volume. Un­for­tu­nately the view was giv­en by Mr. Mat­thew very briefly in scattered pas­sages in an ap­pendix to a work on a dif­fer­ent sub­ject, so that it re­mained un­noticed un­til Mr. Mat­thew him­self drew at­ten­tion to it in the Garden­ers’ Chron­icle, on April 7, 1860. The dif­fer­ences of Mr. Mat­thew’s views from mine are not of much im­port­ance: he seems to con­sider that the world was nearly de­pop­u­lated at suc­cess­ive peri­ods, and then re­stocked; and he gives as an al­tern­at­ive, that new forms may be gen­er­ated “without the pres­ence of any mold or germ of former ag­greg­ates.” I am not sure that I un­der­stand some pas­sages; but it seems that he at­trib­utes much in­flu­ence to the dir­ect ac­tion of the con­di­tions of life. He clearly saw, how­ever, the full force of the prin­ciple of nat­ur­al se­lec­tion.

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

			Rafinesque, in his New Flora of North Amer­ica, pub­lished in 1836, wrote (page 6) as fol­lows: “All spe­cies might have been vari­et­ies once, and many vari­et­ies are gradu­ally be­com­ing spe­cies by as­sum­ing con­stant and pe­cu­li­ar char­ac­ters;” but fur­ther on (page 18) he adds, “ex­cept the ori­gin­al types or an­cest­ors of the genus.”

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

			The Vestiges of Cre­ation ap­peared in 1844. In the tenth and much im­proved edi­tion (1853) the an­onym­ous au­thor says (page 155): “The pro­pos­i­tion de­term­ined on after much con­sid­er­a­tion is, that the sev­er­al series of an­im­ated be­ings, from the simplest and old­est up to the highest and most re­cent, are, un­der the provid­ence of God, the res­ults, first, of an im­pulse which has been im­par­ted to the forms of life, ad­van­cing them, in def­in­ite times, by gen­er­a­tion, through grades of or­gan­isa­tion ter­min­at­ing in the highest di­coty­le­dons and ver­teb­rata, these grades be­ing few in num­ber, and gen­er­ally marked by in­ter­vals of or­gan­ic char­ac­ter, which we find to be a prac­tic­al dif­fi­culty in as­cer­tain­ing af­fin­it­ies; second, of an­oth­er im­pulse con­nec­ted with the vi­tal forces, tend­ing, in the course of gen­er­a­tions, to modi­fy or­gan­ic struc­tures in ac­cord­ance with ex­tern­al cir­cum­stances, as food, the nature of the hab­it­at, and the met­eor­ic agen­cies, these be­ing the ‘ad­apt­a­tions’ of the nat­ur­al theo­lo­gian.” The au­thor ap­par­ently be­lieves that or­gan­isa­tion pro­gresses by sud­den leaps, but that the ef­fects pro­duced by the con­di­tions of life are gradu­al. He ar­gues with much force on gen­er­al grounds that spe­cies are not im­mut­able pro­duc­tions. But I can­not see how the two sup­posed “im­pulses” ac­count in a sci­entif­ic sense for the nu­mer­ous and beau­ti­ful coad­apt­a­tions which we see through­out nature; I can­not see that we thus gain any in­sight how, for in­stance, a wood­peck­er has be­come ad­ap­ted to its pe­cu­li­ar habits of life. The work, from its power­ful and bril­liant style, though dis­play­ing in the early edi­tions little ac­cur­ate know­ledge and a great want of sci­entif­ic cau­tion, im­me­di­ately had a very wide cir­cu­la­tion. In my opin­ion it has done ex­cel­lent ser­vice in this coun­try in call­ing at­ten­tion to the sub­ject, in re­mov­ing pre­ju­dice, and in thus pre­par­ing the ground for the re­cep­tion of ana­log­ous views.

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

			Pro­fess­or Owen, in 1849 (Nature of Limbs, page 86), wrote as fol­lows: “The ar­chetyp­al idea was mani­fes­ted in the flesh un­der di­verse such modi­fic­a­tions, upon this plan­et, long pri­or to the ex­ist­ence of those an­im­al spe­cies that ac­tu­ally ex­em­pli­fy it. To what nat­ur­al laws or sec­ond­ary causes the or­derly suc­ces­sion and pro­gres­sion of such or­gan­ic phe­nom­ena may have been com­mit­ted, we, as yet, are ig­nor­ant.” In his ad­dress to the Brit­ish As­so­ci­ation, in 1858, he speaks (page li) of “the ax­iom of the con­tinu­ous op­er­a­tion of cre­at­ive power, or of the or­dained be­com­ing of liv­ing things.” Fur­ther on (page xc), after re­fer­ring to geo­graph­ic­al dis­tri­bu­tion, he adds, “These phe­nom­ena shake our con­fid­ence in the con­clu­sion that the Apteryx of New Zea­l­and and the Red Grouse of Eng­land were dis­tinct cre­ations in and for those is­lands re­spect­ively. Al­ways, also, it may be well to bear in mind that by the word ‘cre­ation’ the zo­olo­gist means ‘a pro­cess he knows not what.’ ” He amp­li­fies this idea by adding that when such cases as that of the Red Grouse are “enu­mer­ated by the zo­olo­gist as evid­ence of dis­tinct cre­ation of the bird in and for such is­lands, he chiefly ex­presses that he knows not how the Red Grouse came to be there, and there ex­clus­ively; sig­ni­fy­ing also, by this mode of ex­press­ing such ig­nor­ance, his be­lief that both the bird and the is­lands owed their ori­gin to a great first Cre­at­ive Cause.” If we in­ter­pret these sen­tences giv­en in the same ad­dress, one by the oth­er, it ap­pears that this em­in­ent philo­soph­er felt in 1858 his con­fid­ence shaken that the Apteryx and the Red Grouse first ap­peared in their re­spect­ive homes “he knew not how,” or by some pro­cess “he knew not what.”

			This ad­dress was de­livered after the pa­pers by Mr. Wal­lace and my­self on the Ori­gin of Spe­cies, presently to be re­ferred to, had been read be­fore the Lin­nean So­ci­ety. When the first edi­tion of this work was pub­lished, I was so com­pletely de­ceived, as were many oth­ers, by such ex­pres­sions as “the con­tinu­ous op­er­a­tion of cre­at­ive power,” that I in­cluded Pro­fess­or Owen with oth­er pa­lae­on­to­lo­gists as be­ing firmly con­vinced of the im­mut­ab­il­ity of spe­cies; but it ap­pears (Anat. of Ver­teb­rates, vol. iii, page 796) that this was on my part a pre­pos­ter­ous er­ror. In the last edi­tion of this work I in­ferred, and the in­fer­ence still seems to me per­fectly just, from a pas­sage be­gin­ning with the words “no doubt the type-form,” etc.(Ibid., vol. i, page xxxv), that Pro­fess­or Owen ad­mit­ted that nat­ur­al se­lec­tion may have done some­thing in the form­a­tion of a new spe­cies; but this it ap­pears (Ibid., vol. iii page 798) is in­ac­cur­ate and without evid­ence. I also gave some ex­tracts from a cor­res­pond­ence between Pro­fess­or Owen and the ed­it­or of the Lon­don Re­view, from which it ap­peared mani­fest to the ed­it­or as well as to my­self, that Pro­fess­or Owen claimed to have pro­mul­gated the the­ory of nat­ur­al se­lec­tion be­fore I had done so; and I ex­pressed my sur­prise and sat­is­fac­tion at this an­nounce­ment; but as far as it is pos­sible to un­der­stand cer­tain re­cently pub­lished pas­sages (Ibid., vol. iii page 798) I have either par­tially or wholly again fallen in­to er­ror. It is con­sol­at­ory to me that oth­ers find Pro­fess­or Owen’s con­tro­ver­sial writ­ings as dif­fi­cult to un­der­stand and to re­con­cile with each oth­er, as I do. As far as the mere enun­ci­ation of the prin­ciple of nat­ur­al se­lec­tion is con­cerned, it is quite im­ma­ter­i­al wheth­er or not Pro­fess­or Owen pre­ceded me, for both of us, as shown in this his­tor­ic­al sketch, were long ago pre­ceded by Dr. Wells and Mr. Mat­thews.

			M. Isidore Geof­froy Saint-Hil­aire, in his lec­tures de­livered in 1850 (of which a Re­sume ap­peared in the Re­vue et Mag. de Zo­olog., Jan., 1851), briefly gives his reas­on for be­liev­ing that spe­cif­ic char­ac­ters “sont fixés, pour chaque es­pèce, tant qu’elle se per­pétue au mi­lieu des mêmes cir­con­stances: ils se mod­i­fi­ent, si les cir­con­stances am­bi­antes vi­ennent à changer. En résumé, L’ob­ser­va­tion des an­imaux sauvages dé­montre déjà la vari­ab­il­ité lim­itée des es­pèces. Les ex­péri­ences sur les an­imaux sauvages devenus do­mest­iques, et sur les an­imaux do­mest­iques re­devenus sauvages, la dé­montrent plus clair­ment en­core. Ces mêmes ex­péri­ences prouvent, de plus, que les différences produites peuvent etre de valeur générique.” In his Hist. Nat. Générale (tom. ii, page 430, 1859) he amp­li­fies ana­log­ous con­clu­sions.

			From a cir­cu­lar lately is­sued it ap­pears that Dr. Freke, in 1851 (Dub­lin Med­ic­al Press, page 322), pro­pounded the doc­trine that all or­gan­ic be­ings have des­cen­ded from one prim­or­di­al form. His grounds of be­lief and treat­ment of the sub­ject are wholly dif­fer­ent from mine; but as Dr. Freke has now (1861) pub­lished his es­say on the Ori­gin of Spe­cies by Means of Or­gan­ic Af­fin­ity, the dif­fi­cult at­tempt to give any idea of his views would be su­per­flu­ous on my part.

			Mr. Her­bert Spen­cer, in an es­say (ori­gin­ally pub­lished in the Lead­er, March, 1852, and re­pub­lished in his Es­says, in 1858), has con­tras­ted the the­or­ies of the cre­ation and the de­vel­op­ment of or­gan­ic be­ings with re­mark­able skill and force. He ar­gues from the ana­logy of do­mest­ic pro­duc­tions, from the changes which the em­bry­os of many spe­cies un­der­go, from the dif­fi­culty of dis­tin­guish­ing spe­cies and vari­et­ies, and from the prin­ciple of gen­er­al grad­a­tion, that spe­cies have been mod­i­fied; and he at­trib­utes the modi­fic­a­tion to the change of cir­cum­stances. The au­thor (1855) has also treated psy­cho­logy on the prin­ciple of the ne­ces­sary ac­quire­ment of each men­tal power and ca­pa­city by grad­a­tion.

			In 1852 M. Naud­in, a dis­tin­guished bot­an­ist, ex­pressly stated, in an ad­mir­able pa­per on the Ori­gin of Spe­cies (Re­vue Hor­ti­cole, page 102; since partly re­pub­lished in the Nou­velles Archives du Mu­seum, tom. i, page 171), his be­lief that spe­cies are formed in an ana­log­ous man­ner as vari­et­ies are un­der cul­tiv­a­tion; and the lat­ter pro­cess he at­trib­utes to man’s power of se­lec­tion. But he does not show how se­lec­tion acts un­der nature. He be­lieves, like Dean Her­bert, that spe­cies, when nas­cent, were more plastic than at present. He lays weight on what he calls the prin­ciple of fi­nal­ity, “puis­sance mys­térieuse, in­déter­minée; fatal­ité pour les uns; pour les autres volonté provid­en­ti­elle, dont l’ac­tion in­cess­ante sur les êtres vivantes déter­mine, à toutes les époques de l’ex­ist­ence du monde, la forme, le volume, et la dureé de chacun d’eux, en rais­on de sa des­tinée dans l’or­dre de choses dont il fait partie. C’est cette puis­sance qui har­mon­ise chaque membre à l’en­semble, en l’ap­pro­pri­ant à la fonc­tion qu’il doit re­m­p­lir dans l’or­gan­isme général de la nature, fonc­tion qui est pour lui sa rais­on d’être.”3

			In 1853 a cel­eb­rated geo­lo­gist, Count Key­ser­ling (Bul­let­in de la Soc. Géo­log., 2nd Ser., tom. x, page 357), sug­ges­ted that as new dis­eases, sup­posed to have been caused by some mi­asma have aris­en and spread over the world, so at cer­tain peri­ods the germs of ex­ist­ing spe­cies may have been chem­ic­ally af­fected by cir­cum­am­bi­ent mo­lecules of a par­tic­u­lar nature, and thus have giv­en rise to new forms.

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

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

			The “Philo­sophy of Cre­ation” has been treated in a mas­terly man­ner by the Rev. Baden Pow­ell, in his Es­says on the Unity of Worlds, 1855. Noth­ing can be more strik­ing than the man­ner in which he shows that the in­tro­duc­tion of new spe­cies is “a reg­u­lar, not a cas­u­al phe­nomen­on,” or, as Sir John Her­schel ex­presses it, “a nat­ur­al in con­tra­dis­tinc­tion to a mi­ra­cu­lous pro­cess.”

			The third volume of the Journ­al of the Lin­nean So­ci­ety con­tains pa­pers, read Ju­ly 1, 1858, by Mr. Wal­lace and my­self, in which, as stated in the in­tro­duct­ory re­marks to this volume, the the­ory of nat­ur­al se­lec­tion is pro­mul­gated by Mr. Wal­lace with ad­mir­able force and clear­ness.

			Von Baer, to­ward whom all zo­olo­gists feel so pro­found a re­spect, ex­pressed about the year 1859 (see Prof. Rudolph Wag­n­er, Zo­olo­gisch-An­thro­po­lo­gis­che Un­ter­suchun­gen, 1861, s. 51) his con­vic­tion, chiefly groun­ded on the laws of geo­graph­ic­al dis­tri­bu­tion, that forms now per­fectly dis­tinct have des­cen­ded from a single par­ent-form.

			In June, 1859, Pro­fess­or Hux­ley gave a lec­ture be­fore the Roy­al In­sti­tu­tion on the “Per­sist­ent Types of An­im­al Life.” Re­fer­ring to such cases, he re­marks, “It is dif­fi­cult to com­pre­hend the mean­ing of such facts as these, if we sup­pose that each spe­cies of an­im­al and plant, or each great type of or­gan­isa­tion, was formed and placed upon the sur­face of the globe at long in­ter­vals by a dis­tinct act of cre­at­ive power; and it is well to re­col­lect that such an as­sump­tion is as un­sup­por­ted by tra­di­tion or rev­el­a­tion as it is op­posed to the gen­er­al ana­logy of nature. If, on the oth­er hand, we view ‘Per­sist­ent Types’ in re­la­tion to that hy­po­thes­is which sup­poses the spe­cies liv­ing at any time to be the res­ult of the gradu­al modi­fic­a­tion of preex­ist­ing spe­cies, a hy­po­thes­is which, though un­proven, and sadly dam­aged by some of its sup­port­ers, is yet the only one to which physiology lends any coun­ten­ance; their ex­ist­ence would seem to show that the amount of modi­fic­a­tion which liv­ing be­ings have un­der­gone dur­ing geo­lo­gic­al time is but very small in re­la­tion to the whole series of changes which they have suffered.”

			In Decem­ber, 1859, Dr. Hook­er pub­lished his In­tro­duc­tion to the Aus­trali­an Flora. In the first part of this great work he ad­mits the truth of the des­cent and modi­fic­a­tion of spe­cies, and sup­ports this doc­trine by many ori­gin­al ob­ser­va­tions.

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

		
	
		
			Introduction

			When on board H.M.S. Beagle, as nat­ur­al­ist, I was much struck with cer­tain facts in the dis­tri­bu­tion of the or­gan­ic be­ings in­hab­it­ing South Amer­ica, and in the geo­lo­gic­al re­la­tions of the present to the past in­hab­it­ants of that con­tin­ent. These facts, as will be seen in the lat­ter chapters of this volume, seemed to throw some light on the ori­gin of spe­cies—that mys­tery of mys­ter­ies, as it has been called by one of our greatest philo­soph­ers. On my re­turn home, it oc­curred to me, in 1837, that some­thing might per­haps be made out on this ques­tion by pa­tiently ac­cu­mu­lat­ing and re­flect­ing on all sorts of facts which could pos­sibly have any bear­ing on it. After five years’ work I al­lowed my­self to spec­u­late on the sub­ject, and drew up some short notes; these I en­larged in 1844 in­to a sketch of the con­clu­sions, which then seemed to me prob­able: from that peri­od to the present day I have stead­ily pur­sued the same ob­ject. I hope that I may be ex­cused for en­ter­ing on these per­son­al de­tails, as I give them to show that I have not been hasty in com­ing to a de­cision.

			My work is now (1859) nearly fin­ished; but as it will take me many more years to com­plete it, and as my health is far from strong, I have been urged to pub­lish this ab­stract. I have more es­pe­cially been in­duced to do this, as Mr. Wal­lace, who is now study­ing the nat­ur­al his­tory of the Malay Ar­chipelago, has ar­rived at al­most ex­actly the same gen­er­al con­clu­sions that I have on the ori­gin of spe­cies. In 1858 he sent me a mem­oir on this sub­ject, with a re­quest that I would for­ward it to Sir Charles Lyell, who sent it to the Lin­nean So­ci­ety, and it is pub­lished in the third volume of the journ­al of that so­ci­ety. Sir C. Lyell and Dr. Hook­er, who both knew of my work—the lat­ter hav­ing read my sketch of 1844—hon­oured me by think­ing it ad­vis­able to pub­lish, with Mr. Wal­lace’s ex­cel­lent mem­oir, some brief ex­tracts from my ma­nu­scripts.

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

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

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

			It is, there­fore, of the highest im­port­ance to gain a clear in­sight in­to the means of modi­fic­a­tion and coad­apt­a­tion. At the com­mence­ment of my ob­ser­va­tions it seemed to me prob­able that a care­ful study of do­mest­ic­ated an­im­als and of cul­tiv­ated plants would of­fer the best chance of mak­ing out this ob­scure prob­lem. Nor have I been dis­ap­poin­ted; in this and in all oth­er per­plex­ing cases I have in­vari­ably found that our know­ledge, im­per­fect though it be, of vari­ation un­der do­mest­ic­a­tion, af­forded the best and safest clue. I may ven­ture to ex­press my con­vic­tion of the high value of such stud­ies, al­though they have been very com­monly neg­lected by nat­ur­al­ists.

			From these con­sid­er­a­tions, I shall de­vote the first chapter of this ab­stract to vari­ation un­der do­mest­ic­a­tion. We shall thus see that a large amount of hered­it­ary modi­fic­a­tion is at least pos­sible; and, what is equally or more im­port­ant, we shall see how great is the power of man in ac­cu­mu­lat­ing by his se­lec­tion suc­cess­ive slight vari­ations. I will then pass on to the vari­ab­il­ity of spe­cies in a state of nature; but I shall, un­for­tu­nately, be com­pelled to treat this sub­ject far too briefly, as it can be treated prop­erly only by giv­ing long cata­logues of facts. We shall, how­ever, be en­abled to dis­cuss what cir­cum­stances are most fa­vour­able to vari­ation. In the next chapter the struggle for ex­ist­ence among all or­gan­ic be­ings through­out the world, which in­ev­it­ably fol­lows from the high geo­met­ric­al ra­tio of their in­crease, will be con­sidered. This is the doc­trine of Malthus, ap­plied to the whole an­im­al and ve­get­able king­doms. As many more in­di­vidu­als of each spe­cies are born than can pos­sibly sur­vive; and as, con­sequently, there is a fre­quently re­cur­ring struggle for ex­ist­ence, it fol­lows that any be­ing, if it vary how­ever slightly in any man­ner prof­it­able to it­self, un­der the com­plex and some­times vary­ing con­di­tions of life, will have a bet­ter chance of sur­viv­ing, and thus be nat­ur­ally se­lec­ted. From the strong prin­ciple of in­her­it­ance, any se­lec­ted vari­ety will tend to propag­ate its new and mod­i­fied form.

			This fun­da­ment­al sub­ject of nat­ur­al se­lec­tion will be treated at some length in the fourth chapter; and we shall then see how nat­ur­al se­lec­tion al­most in­ev­it­ably causes much ex­tinc­tion of the less im­proved forms of life, and leads to what I have called di­ver­gence of char­ac­ter. In the next chapter I shall dis­cuss the com­plex and little known laws of vari­ation. In the five suc­ceed­ing chapters, the most ap­par­ent and gravest dif­fi­culties in ac­cept­ing the the­ory will be giv­en: namely, first, the dif­fi­culties of trans­itions, or how a simple be­ing or a simple or­gan can be changed and per­fec­ted in­to a highly de­veloped be­ing or in­to an elab­or­ately con­struc­ted or­gan; secondly the sub­ject of in­stinct, or the men­tal powers of an­im­als; thirdly, hy­brid­ism, or the in­fer­til­ity of spe­cies and the fer­til­ity of vari­et­ies when in­ter­crossed; and fourthly, the im­per­fec­tion of the geo­lo­gic­al re­cord. In the next chapter I shall con­sider the geo­lo­gic­al suc­ces­sion of or­gan­ic be­ings through­out time; in the twelfth and thir­teenth, their geo­graph­ic­al dis­tri­bu­tion through­out space; in the four­teenth, their clas­si­fic­a­tion or mu­tu­al af­fin­it­ies, both when ma­ture and in an em­bryon­ic con­di­tion. In the last chapter I shall give a brief re­capit­u­la­tion of the whole work, and a few con­clud­ing re­marks.

			No one ought to feel sur­prise at much re­main­ing as yet un­ex­plained in re­gard to the ori­gin of spe­cies and vari­et­ies, if he make due al­low­ance for our pro­found ig­nor­ance in re­gard to the mu­tu­al re­la­tions of the many be­ings which live around us. Who can ex­plain why one spe­cies ranges widely and is very nu­mer­ous, and why an­oth­er al­lied spe­cies has a nar­row range and is rare? Yet these re­la­tions are of the highest im­port­ance, for they de­term­ine the present wel­fare and, as I be­lieve, the fu­ture suc­cess and modi­fic­a­tion of every in­hab­it­ant of this world. Still less do we know of the mu­tu­al re­la­tions of the in­nu­mer­able in­hab­it­ants of the world dur­ing the many past geo­lo­gic­al epochs in its his­tory. Al­though much re­mains ob­scure, and will long re­main ob­scure, I can en­ter­tain no doubt, after the most de­lib­er­ate study and dis­pas­sion­ate judg­ment of which I am cap­able, that the view which most nat­ur­al­ists un­til re­cently en­ter­tained, and which I formerly en­ter­tained—namely, that each spe­cies has been in­de­pend­ently cre­ated—is er­ro­neous. I am fully con­vinced that spe­cies are not im­mut­able; but that those be­long­ing to what are called the same gen­era are lin­eal des­cend­ants of some oth­er and gen­er­ally ex­tinct spe­cies, in the same man­ner as the ac­know­ledged vari­et­ies of any one spe­cies are the des­cend­ants of that spe­cies. Fur­ther­more, I am con­vinced that nat­ur­al se­lec­tion has been the most im­port­ant, but not the ex­clus­ive, means of modi­fic­a­tion.
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				Vari­ation Un­der Do­mest­ic­a­tion

			
			
				Causes of Variability

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

				As far as I am able to judge, after long at­tend­ing to the sub­ject, the con­di­tions of life ap­pear to act in two ways—dir­ectly on the whole or­gan­isa­tion or on cer­tain parts alone and in­dir­ectly by af­fect­ing the re­pro­duct­ive sys­tem. With re­spect to the dir­ect ac­tion, we must bear in mind that in every case, as Pro­fess­or Weis­mann has lately in­sisted, and as I have in­cid­ently shown in my work on Vari­ation Un­der Do­mest­ic­a­tion, there are two factors: namely, the nature of the or­gan­ism and the nature of the con­di­tions. The former seems to be much the more im­port­ant; for nearly sim­il­ar vari­ations some­times arise un­der, as far as we can judge, dis­sim­il­ar con­di­tions; and, on the oth­er hand, dis­sim­il­ar vari­ations arise un­der con­di­tions which ap­pear to be nearly uni­form. The ef­fects on the off­spring are either def­in­ite or in­def­in­ite. They may be con­sidered as def­in­ite when all or nearly all the off­spring of in­di­vidu­als ex­posed to cer­tain con­di­tions dur­ing sev­er­al gen­er­a­tions are mod­i­fied in the same man­ner. It is ex­tremely dif­fi­cult to come to any con­clu­sion in re­gard to the ex­tent of the changes which have been thus def­in­itely in­duced. There can, how­ever, be little doubt about many slight changes, such as size from the amount of food, col­our from the nature of the food, thick­ness of the skin and hair from cli­mate, etc. Each of the end­less vari­ations which we see in the plumage of our fowls must have had some ef­fi­cient cause; and if the same cause were to act uni­formly dur­ing a long series of gen­er­a­tions on many in­di­vidu­als, all prob­ably would be mod­i­fied in the same man­ner. Such facts as the com­plex and ex­traordin­ary out­growths which vari­ably fol­low from the in­ser­tion of a minute drop of pois­on by a gall-pro­du­cing in­sect, shows us what sin­gu­lar modi­fic­a­tions might res­ult in the case of plants from a chem­ic­al change in the nature of the sap.

				In­def­in­ite vari­ab­il­ity is a much more com­mon res­ult of changed con­di­tions than def­in­ite vari­ab­il­ity, and has prob­ably played a more im­port­ant part in the form­a­tion of our do­mest­ic races. We see in­def­in­ite vari­ab­il­ity in the end­less slight pe­cu­li­ar­it­ies which dis­tin­guish the in­di­vidu­als of the same spe­cies, and which can­not be ac­coun­ted for by in­her­it­ance from either par­ent or from some more re­mote an­cest­or. Even strongly-marked dif­fer­ences oc­ca­sion­ally ap­pear in the young of the same lit­ter, and in seed­lings from the same seed-cap­sule. At long in­ter­vals of time, out of mil­lions of in­di­vidu­als reared in the same coun­try and fed on nearly the same food, de­vi­ations of struc­ture so strongly pro­nounced as to de­serve to be called mon­stros­it­ies arise; but mon­stros­it­ies can­not be sep­ar­ated by any dis­tinct line from slight­er vari­ations. All such changes of struc­ture, wheth­er ex­tremely slight or strongly marked, which ap­pear among many in­di­vidu­als liv­ing to­geth­er, may be con­sidered as the in­def­in­ite ef­fects of the con­di­tions of life on each in­di­vidu­al or­gan­ism, in nearly the same man­ner as the chill ef­fects dif­fer­ent men in an in­def­in­ite man­ner, ac­cord­ing to their state of body or con­sti­tu­tion, caus­ing coughs or colds, rheum­at­ism, or in­flam­ma­tion of vari­ous or­gans.

				With re­spect to what I have called the in­dir­ect ac­tion of changed con­di­tions, namely, through the re­pro­duct­ive sys­tem be­ing af­fected, we may in­fer that vari­ab­il­ity is thus in­duced, partly from the fact of this sys­tem be­ing ex­tremely sens­it­ive to any change in the con­di­tions, and partly from the sim­il­ar­ity, as Kölreu­ter and oth­ers have re­marked, between the vari­ab­il­ity which fol­lows from the cross­ing of dis­tinct spe­cies, and that which may be ob­served with plants and an­im­als when reared un­der new or un­nat­ur­al con­di­tions. Many facts clearly show how em­in­ently sus­cept­ible the re­pro­duct­ive sys­tem is to very slight changes in the sur­round­ing con­di­tions. Noth­ing is more easy than to tame an an­im­al, and few things more dif­fi­cult than to get it to breed freely un­der con­fine­ment, even when the male and fe­male unite. How many an­im­als there are which will not breed, though kept in an al­most free state in their nat­ive coun­try! This is gen­er­ally, but er­ro­neously at­trib­uted to viti­ated in­stincts. Many cul­tiv­ated plants dis­play the ut­most vigour, and yet rarely or nev­er seed! In some few cases it has been dis­covered that a very tri­fling change, such as a little more or less wa­ter at some par­tic­u­lar peri­od of growth, will de­term­ine wheth­er or not a plant will pro­duce seeds. I can­not here give the de­tails which I have col­lec­ted and else­where pub­lished on this curi­ous sub­ject; but to show how sin­gu­lar the laws are which de­term­ine the re­pro­duc­tion of an­im­als un­der con­fine­ment, I may men­tion that car­ni­vor­ous an­im­als, even from the trop­ics, breed in this coun­try pretty freely un­der con­fine­ment, with the ex­cep­tion of the plan­ti­grades or bear fam­ily, which sel­dom pro­duce young; where­as, car­ni­vor­ous birds, with the rarest ex­cep­tion, hardly ever lay fer­tile eggs. Many exot­ic plants have pol­len ut­terly worth­less, in the same con­di­tion as in the most sterile hy­brids. When, on the one hand, we see do­mest­ic­ated an­im­als and plants, though of­ten weak and sickly, breed­ing freely un­der con­fine­ment; and when, on the oth­er hand, we see in­di­vidu­als, though taken young from a state of nature per­fectly tamed, long-lived, and healthy (of which I could give nu­mer­ous in­stances), yet hav­ing their re­pro­duct­ive sys­tem so ser­i­ously af­fected by un­per­ceived causes as to fail to act, we need not be sur­prised at this sys­tem, when it does act un­der con­fine­ment, act­ing ir­reg­u­larly, and pro­du­cing off­spring some­what un­like their par­ents. I may add that as some or­gan­isms breed freely un­der the most un­nat­ur­al con­di­tions—for in­stance, rab­bits and fer­rets kept in hutches—show­ing that their re­pro­duct­ive or­gans are not eas­ily af­fected; so will some an­im­als and plants with­stand do­mest­ic­a­tion or cul­tiv­a­tion, and vary very slightly—per­haps hardly more than in a state of nature.

				Some nat­ur­al­ists have main­tained that all vari­ations are con­nec­ted with the act of sexu­al re­pro­duc­tion; but this is cer­tainly an er­ror; for I have giv­en in an­oth­er work a long list of “sport­ing plants;” as they are called by garden­ers; that is, of plants which have sud­denly pro­duced a single bud with a new and some­times widely dif­fer­ent char­ac­ter from that of the oth­er buds on the same plant. These bud vari­ations, as they may be named, can be propag­ated by grafts, off­sets, etc., and some­times by seed. They oc­cur rarely un­der nature, but are far from rare un­der cul­ture. As a single bud out of many thou­sands pro­duced year after year on the same tree un­der uni­form con­di­tions, has been known sud­denly to as­sume a new char­ac­ter; and as buds on dis­tinct trees, grow­ing un­der dif­fer­ent con­di­tions, have some­times yiel­ded nearly the same vari­ety—for in­stance, buds on peach-trees pro­du­cing nec­tar­ines, and buds on com­mon roses pro­du­cing moss-roses—we clearly see that the nature of the con­di­tions is of sub­or­din­ate im­port­ance in com­par­is­on with the nature of the or­gan­ism in de­term­in­ing each par­tic­u­lar form of vari­ation; per­haps of not more im­port­ance than the nature of the spark, by which a mass of com­bust­ible mat­ter is ig­nited, has in de­term­in­ing the nature of the flames.

			
			
				Effects of Habit and of the Use or Disuse of Parts; Correlated Variation; Inheritance

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

				Many laws reg­u­late vari­ation, some few of which can be dimly seen, and will here­after be briefly dis­cussed. I will here only al­lude to what may be called cor­rel­ated vari­ation. Im­port­ant changes in the em­bryo or larva will prob­ably en­tail changes in the ma­ture an­im­al. In mon­stros­it­ies, the cor­rel­a­tions between quite dis­tinct parts are very curi­ous; and many in­stances are giv­en in Isidore Geof­froy St. Hil­aire’s great work on this sub­ject. Breed­ers be­lieve that long limbs are al­most al­ways ac­com­pan­ied by an elong­ated head. Some in­stances of cor­rel­a­tion are quite whim­sic­al; thus cats which are en­tirely white and have blue eyes are gen­er­ally deaf; but it has been lately stated by Mr. Tait that this is con­fined to the males. Col­our and con­sti­tu­tion­al pe­cu­li­ar­it­ies go to­geth­er, of which many re­mark­able cases could be giv­en among an­im­als and plants. From facts col­lec­ted by Heu­sing­er, it ap­pears that white sheep and pigs are in­jured by cer­tain plants, while dark-col­oured in­di­vidu­als es­cape: Pro­fess­or Wy­man has re­cently com­mu­nic­ated to me a good il­lus­tra­tion of this fact; on ask­ing some farm­ers in Vir­gin­ia how it was that all their pigs were black, they in­formed him that the pigs ate the paint-root (Lach­nan­thes), which col­oured their bones pink, and which caused the hoofs of all but the black vari­et­ies to drop off; and one of the “crack­ers” (i.e. Vir­gin­ia squat­ters) ad­ded, “we se­lect the black mem­bers of a lit­ter for rais­ing, as they alone have a good chance of liv­ing.” Hair­less dogs have im­per­fect teeth; long-haired and coarse-haired an­im­als are apt to have, as is as­ser­ted, long or many horns; pi­geons with feathered feet have skin between their out­er toes; pi­geons with short beaks have small feet, and those with long beaks large feet. Hence if man goes on se­lect­ing, and thus aug­ment­ing, any pe­cu­li­ar­ity, he will al­most cer­tainly modi­fy un­in­ten­tion­ally oth­er parts of the struc­ture, ow­ing to the mys­ter­i­ous laws of cor­rel­a­tion.

				The res­ults of the vari­ous, un­known, or but dimly un­der­stood laws of vari­ation are in­fin­itely com­plex and di­ver­si­fied. It is well worth while care­fully to study the sev­er­al treat­ises on some of our old cul­tiv­ated plants, as on the hy­acinth, potato, even the dah­lia, etc.; and it is really sur­pris­ing to note the end­less points of struc­ture and con­sti­tu­tion in which the vari­et­ies and sub-vari­et­ies dif­fer slightly from each oth­er. The whole or­gan­isa­tion seems to have be­come plastic, and de­parts in a slight de­gree from that of the par­ent­al type.

				Any vari­ation which is not in­her­ited is un­im­port­ant for us. But the num­ber and di­versity of in­her­it­able de­vi­ations of struc­ture, both those of slight and those of con­sid­er­able physiolo­gic­al im­port­ance, are end­less. Dr. Prosper Lu­cas’ treat­ise, in two large volumes, is the fullest and the best on this sub­ject. No breed­er doubts how strong is the tend­ency to in­her­it­ance; that like pro­duces like is his fun­da­ment­al be­lief: doubts have been thrown on this prin­ciple only by the­or­et­ic­al writers. When any de­vi­ation of struc­ture of­ten ap­pears, and we see it in the fath­er and child, we can­not tell wheth­er it may not be due to the same cause hav­ing ac­ted on both; but when among in­di­vidu­als, ap­par­ently ex­posed to the same con­di­tions, any very rare de­vi­ation, due to some ex­traordin­ary com­bin­a­tion of cir­cum­stances, ap­pears in the par­ent—say, once among sev­er­al mil­lion in­di­vidu­als—and it re­appears in the child, the mere doc­trine of chances al­most com­pels us to at­trib­ute its re­appear­ance to in­her­it­ance. Every­one must have heard of cases of al­bin­ism, prickly skin, hairy bod­ies, etc., ap­pear­ing in sev­er­al mem­bers of the same fam­ily. If strange and rare de­vi­ations of struc­ture are truly in­her­ited, less strange and com­mon­er de­vi­ations may be freely ad­mit­ted to be in­her­it­able. Per­haps the cor­rect way of view­ing the whole sub­ject would be, to look at the in­her­it­ance of every char­ac­ter whatever as the rule, and non-in­her­it­ance as the an­om­aly.

				The laws gov­ern­ing in­her­it­ance are for the most part un­known; no one can say why the same pe­cu­li­ar­ity in dif­fer­ent in­di­vidu­als of the same spe­cies, or in dif­fer­ent spe­cies, is some­times in­her­ited and some­times not so; why the child of­ten re­verts in cer­tain char­ac­ter­ist­ics to its grand­fath­er or grand­moth­er or more re­mote an­cest­or; why a pe­cu­li­ar­ity is of­ten trans­mit­ted from one sex to both sexes, or to one sex alone, more com­monly but not ex­clus­ively to the like sex. It is a fact of some im­port­ance to us, that pe­cu­li­ar­it­ies ap­pear­ing in the males of our do­mest­ic breeds are of­ten trans­mit­ted, either ex­clus­ively or in a much great­er de­gree, to the males alone. A much more im­port­ant rule, which I think may be trus­ted, is that, at whatever peri­od of life a pe­cu­li­ar­ity first ap­pears, it tends to re­appear in the off­spring at a cor­res­pond­ing age, though some­times earli­er. In many cases this could not be oth­er­wise; thus the in­her­ited pe­cu­li­ar­it­ies in the horns of cattle could ap­pear only in the off­spring when nearly ma­ture; pe­cu­li­ar­it­ies in the silk-worm are known to ap­pear at the cor­res­pond­ing cater­pil­lar or co­coon stage. But hered­it­ary dis­eases and some oth­er facts make me be­lieve that the rule has a wider ex­ten­sion, and that, when there is no ap­par­ent reas­on why a pe­cu­li­ar­ity should ap­pear at any par­tic­u­lar age, yet that it does tend to ap­pear in the off­spring at the same peri­od at which it first ap­peared in the par­ent. I be­lieve this rule to be of the highest im­port­ance in ex­plain­ing the laws of em­bry­ology. These re­marks are of course con­fined to the first ap­pear­ance of the pe­cu­li­ar­ity, and not to the primary cause which may have ac­ted on the ovules or on the male ele­ment; in nearly the same man­ner as the in­creased length of the horns in the off­spring from a short-horned cow by a long-horned bull, though ap­pear­ing late in life, is clearly due to the male ele­ment.

				Hav­ing al­luded to the sub­ject of re­ver­sion, I may here refer to a state­ment of­ten made by nat­ur­al­ists—namely, that our do­mest­ic vari­et­ies, when run wild, gradu­ally but in­vari­ably re­vert in char­ac­ter to their ab­ori­gin­al stocks. Hence it has been ar­gued that no de­duc­tions can be drawn from do­mest­ic races to spe­cies in a state of nature. I have in vain en­deav­oured to dis­cov­er on what de­cis­ive facts the above state­ment has so of­ten and so boldly been made. There would be great dif­fi­culty in prov­ing its truth: we may safely con­clude that very many of the most strongly marked do­mest­ic vari­et­ies could not pos­sibly live in a wild state. In many cases we do not know what the ab­ori­gin­al stock was, and so could not tell wheth­er or not nearly per­fect re­ver­sion had en­sued. It would be ne­ces­sary, in or­der to pre­vent the ef­fects of in­ter­cross­ing, that only a single vari­ety should be turned loose in its new home. Nev­er­the­less, as our vari­et­ies cer­tainly do oc­ca­sion­ally re­vert in some of their char­ac­ters to an­ces­tral forms, it seems to me not im­prob­able that if we could suc­ceed in nat­ur­al­ising, or were to cul­tiv­ate, dur­ing many gen­er­a­tions, the sev­er­al races, for in­stance, of the cab­bage, in very poor soil—in which case, how­ever, some ef­fect would have to be at­trib­uted to the def­in­ite ac­tion of the poor soil—that they would, to a large ex­tent, or even wholly, re­vert to the wild ab­ori­gin­al stock. Wheth­er or not the ex­per­i­ment would suc­ceed is not of great im­port­ance for our line of ar­gu­ment; for by the ex­per­i­ment it­self the con­di­tions of life are changed. If it could be shown that our do­mest­ic vari­et­ies mani­fes­ted a strong tend­ency to re­ver­sion—that is, to lose their ac­quired char­ac­ters, while kept un­der the same con­di­tions and while kept in a con­sid­er­able body, so that free in­ter­cross­ing might check, by blend­ing to­geth­er, any slight de­vi­ations in their struc­ture, in such case, I grant that we could de­duce noth­ing from do­mest­ic vari­et­ies in re­gard to spe­cies. But there is not a shad­ow of evid­ence in fa­vour of this view: to as­sert that we could not breed our cart and race-horses, long and short-horned cattle, and poultry of vari­ous breeds, and es­cu­lent ve­get­ables, for an un­lim­ited num­ber of gen­er­a­tions, would be op­posed to all ex­per­i­ence.

			
			
				Character of Domestic Varieties; Difficulty of Distinguishing Between Varieties and Species; Origin of Domestic Varieties from One or More Species

				When we look to the hered­it­ary vari­et­ies or races of our do­mest­ic an­im­als and plants, and com­pare them with closely al­lied spe­cies, we gen­er­ally per­ceive in each do­mest­ic race, as already re­marked, less uni­form­ity of char­ac­ter than in true spe­cies. Do­mest­ic races of­ten have a some­what mon­strous char­ac­ter; by which I mean, that, al­though dif­fer­ing from each oth­er and from oth­er spe­cies of the same genus, in sev­er­al tri­fling re­spects, they of­ten dif­fer in an ex­treme de­gree in some one part, both when com­pared one with an­oth­er, and more es­pe­cially when com­pared with the spe­cies un­der nature to which they are nearest al­lied. With these ex­cep­tions (and with that of the per­fect fer­til­ity of vari­et­ies when crossed—a sub­ject here­after to be dis­cussed), do­mest­ic races of the same spe­cies dif­fer from each oth­er in the same man­ner as do the closely al­lied spe­cies of the same genus in a state of nature, but the dif­fer­ences in most cases are less in de­gree. This must be ad­mit­ted as true, for the do­mest­ic races of many an­im­als and plants have been ranked by some com­pet­ent judges as the des­cend­ants of ab­ori­gin­ally dis­tinct spe­cies, and by oth­er com­pet­ent judges as mere vari­et­ies. If any well marked dis­tinc­tion ex­is­ted between a do­mest­ic race and a spe­cies, this source of doubt would not so per­petu­ally re­cur. It has of­ten been stated that do­mest­ic races do not dif­fer from each oth­er in char­ac­ters of gen­er­ic value. It can be shown that this state­ment is not cor­rect; but nat­ur­al­ists dif­fer much in de­term­in­ing what char­ac­ters are of gen­er­ic value; all such valu­ations be­ing at present em­pir­ic­al. When it is ex­plained how gen­era ori­gin­ate un­der nature, it will be seen that we have no right to ex­pect of­ten to find a gen­er­ic amount of dif­fer­ence in our do­mest­ic­ated races.

				In at­tempt­ing to es­tim­ate the amount of struc­tur­al dif­fer­ence between al­lied do­mest­ic races, we are soon in­volved in doubt, from not know­ing wheth­er they are des­cen­ded from one or sev­er­al par­ent spe­cies. This point, if it could be cleared up, would be in­ter­est­ing; if, for in­stance, it could be shown that the grey­hound, blood­hound, ter­ri­er, span­iel and bull-dog, which we all know propag­ate their kind truly, were the off­spring of any single spe­cies, then such facts would have great weight in mak­ing us doubt about the im­mut­ab­il­ity of the many closely al­lied nat­ur­al spe­cies—for in­stance, of the many foxes—in­hab­it­ing the dif­fer­ent quar­ters of the world. I do not be­lieve, as we shall presently see, that the whole amount of dif­fer­ence between the sev­er­al breeds of the dog has been pro­duced un­der do­mest­ic­a­tion; I be­lieve that a small part of the dif­fer­ence is due to their be­ing des­cen­ded from dis­tinct spe­cies. In the case of strongly marked races of some oth­er do­mest­ic­ated spe­cies, there is pre­sumptive or even strong evid­ence that all are des­cen­ded from a single wild stock.

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

				In the case of most of our an­ciently do­mest­ic­ated an­im­als and plants, it is not pos­sible to come to any def­in­ite con­clu­sion, wheth­er they are des­cen­ded from one or sev­er­al wild spe­cies. The ar­gu­ment mainly re­lied on by those who be­lieve in the mul­tiple ori­gin of our do­mest­ic an­im­als is, that we find in the most an­cient times, on the monu­ments of Egypt, and in the lake-hab­it­a­tions of Switzer­land, much di­versity in the breeds; and that some of these an­cient breeds closely re­semble, or are even identic­al with, those still ex­ist­ing. But this only throws far back­ward the his­tory of civil­isa­tion, and shows that an­im­als were do­mest­ic­ated at a much earli­er peri­od than has hitherto been sup­posed. The lake-in­hab­it­ants of Switzer­land cul­tiv­ated sev­er­al kinds of wheat and bar­ley, the pea, the poppy for oil and flax; and they pos­sessed sev­er­al do­mest­ic­ated an­im­als. They also car­ried on com­merce with oth­er na­tions. All this clearly shows, as Heer has re­marked, that they had at this early age pro­gressed con­sid­er­ably in civil­isa­tion; and this again im­plies a long con­tin­ued pre­vi­ous peri­od of less ad­vanced civil­isa­tion, dur­ing which the do­mest­ic­ated an­im­als, kept by dif­fer­ent tribes in dif­fer­ent dis­tricts, might have var­ied and giv­en rise to dis­tinct races. Since the dis­cov­ery of flint tools in the su­per­fi­cial form­a­tions of many parts of the world, all geo­lo­gists be­lieve that bar­bar­i­an men ex­is­ted at an enorm­ously re­mote peri­od; and we know that at the present day there is hardly a tribe so bar­bar­ous as not to have do­mest­ic­ated at least the dog.

				The ori­gin of most of our do­mest­ic an­im­als will prob­ably forever re­main vague. But I may here state that, look­ing to the do­mest­ic dogs of the whole world, I have, after a la­bor­i­ous col­lec­tion of all known facts, come to the con­clu­sion that sev­er­al wild spe­cies of Can­id­ae have been tamed, and that their blood, in some cases mingled to­geth­er, flows in the veins of our do­mest­ic breeds. In re­gard to sheep and goats I can form no de­cided opin­ion. From facts com­mu­nic­ated to me by Mr. Blyth, on the habits, voice, con­sti­tu­tion and struc­ture of the humped In­di­an cattle, it is al­most cer­tain that they are des­cen­ded from a dif­fer­ent ab­ori­gin­al stock from our European cattle; and some com­pet­ent judges be­lieve that these lat­ter have had two or three wild pro­gen­it­ors, wheth­er or not these de­serve to be called spe­cies. This con­clu­sion, as well as that of the spe­cif­ic dis­tinc­tion between the humped and com­mon cattle, may, in­deed, be looked upon as es­tab­lished by the ad­mir­able re­searches of Pro­fess­or Ru­timey­er. With re­spect to horses, from reas­ons which I can­not here give, I am doubt­fully in­clined to be­lieve, in op­pos­i­tion to sev­er­al au­thors, that all the races be­long to the same spe­cies. Hav­ing kept nearly all the Eng­lish breeds of the fowl alive, hav­ing bred and crossed them, and ex­amined their skel­et­ons, it ap­pears to me al­most cer­tain that all are the des­cend­ants of the wild In­di­an fowl, Gal­lus bankiva; and this is the con­clu­sion of Mr. Blyth, and of oth­ers who have stud­ied this bird in In­dia. In re­gard to ducks and rab­bits, some breeds of which dif­fer much from each oth­er, the evid­ence is clear that they are all des­cen­ded from the com­mon duck and wild rab­bit.

				The doc­trine of the ori­gin of our sev­er­al do­mest­ic races from sev­er­al ab­ori­gin­al stocks, has been car­ried to an ab­surd ex­treme by some au­thors. They be­lieve that every race which breeds true, let the dis­tinct­ive char­ac­ters be ever so slight, has had its wild pro­to­type. At this rate there must have ex­is­ted at least a score of spe­cies of wild cattle, as many sheep, and sev­er­al goats, in Europe alone, and sev­er­al even with­in Great Bri­tain. One au­thor be­lieves that there formerly ex­is­ted el­ev­en wild spe­cies of sheep pe­cu­li­ar to Great Bri­tain! When we bear in mind that Bri­tain has now not one pe­cu­li­ar mam­mal, and France but few dis­tinct from those of Ger­many, and so with Hun­gary, Spain, etc., but that each of these king­doms pos­sesses sev­er­al pe­cu­li­ar breeds of cattle, sheep, etc., we must ad­mit that many do­mest­ic breeds must have ori­gin­ated in Europe; for whence oth­er­wise could they have been de­rived? So it is in In­dia. Even in the case of the breeds of the do­mest­ic dog through­out the world, which I ad­mit are des­cen­ded from sev­er­al wild spe­cies, it can­not be doubted that there has been an im­mense amount of in­her­ited vari­ation; for who will be­lieve that an­im­als closely re­sem­bling the Itali­an grey­hound, the blood­hound, the bull-dog, pug-dog, or Blen­heim span­iel, etc.—so un­like all wild Can­id­ae—ever ex­is­ted in a state of nature? It has of­ten been loosely said that all our races of dogs have been pro­duced by the cross­ing of a few ab­ori­gin­al spe­cies; but by cross­ing we can only get forms in some de­gree in­ter­me­di­ate between their par­ents; and if we ac­count for our sev­er­al do­mest­ic races by this pro­cess, we must ad­mit the former ex­ist­ence of the most ex­treme forms, as the Itali­an grey­hound, blood­hound, bull-dog, etc., in the wild state. Moreover, the pos­sib­il­ity of mak­ing dis­tinct races by cross­ing has been greatly ex­ag­ger­ated. Many cases are on re­cord show­ing that a race may be mod­i­fied by oc­ca­sion­al crosses if aided by the care­ful se­lec­tion of the in­di­vidu­als which present the de­sired char­ac­ter; but to ob­tain a race in­ter­me­di­ate between two quite dis­tinct races would be very dif­fi­cult. Sir J. Sebright ex­pressly ex­per­i­mented with this ob­ject and failed. The off­spring from the first cross between two pure breeds is tol­er­ably and some­times (as I have found with pi­geons) quite uni­form in char­ac­ter, and everything seems simple enough; but when these mon­grels are crossed one with an­oth­er for sev­er­al gen­er­a­tions, hardly two of them are alike, and then the dif­fi­culty of the task be­comes mani­fest.

			
			
				Breeds of the Domestic Pigeon, Their Differences and Origin

				Be­liev­ing that it is al­ways best to study some spe­cial group, I have, after de­lib­er­a­tion, taken up do­mest­ic pi­geons. I have kept every breed which I could pur­chase or ob­tain, and have been most kindly fa­voured with skins from sev­er­al quar­ters of the world, more es­pe­cially by the Hon. W. El­li­ot from In­dia, and by the Hon. C. Mur­ray from Per­sia. Many treat­ises in dif­fer­ent lan­guages have been pub­lished on pi­geons, and some of them are very im­port­ant, as be­ing of con­sid­er­able an­tiquity. I have as­so­ci­ated with sev­er­al em­in­ent fan­ci­ers, and have been per­mit­ted to join two of the Lon­don Pi­geon Clubs. The di­versity of the breeds is some­thing as­ton­ish­ing. Com­pare the Eng­lish car­ri­er and the short-faced tum­bler, and see the won­der­ful dif­fer­ence in their beaks, en­tail­ing cor­res­pond­ing dif­fer­ences in their skulls. The car­ri­er, more es­pe­cially the male bird, is also re­mark­able from the won­der­ful de­vel­op­ment of the car­uncu­l­ated skin about the head, and this is ac­com­pan­ied by greatly elong­ated eye­lids, very large ex­tern­al ori­fices to the nos­trils, and a wide gape of mouth. The short-faced tum­bler has a beak in out­line al­most like that of a finch; and the com­mon tum­bler has the sin­gu­lar in­her­ited habit of fly­ing at a great height in a com­pact flock, and tum­bling in the air head over heels. The runt is a bird of great size, with long, massive beak and large feet; some of the sub-breeds of runts have very long necks, oth­ers very long wings and tails, oth­ers sin­gu­larly short tails. The barb is al­lied to the car­ri­er, but, in­stead of a long beak, has a very short and broad one. The pout­er has a much elong­ated body, wings, and legs; and its enorm­ously de­veloped crop, which it glor­ies in in­flat­ing, may well ex­cite as­ton­ish­ment and even laughter. The tur­bit has a short and con­ic­al beak, with a line of re­versed feath­ers down the breast; and it has the habit of con­tinu­ally ex­pand­ing, slightly, the up­per part of the oe­so­phag­us. The Jac­obin has the feath­ers so much re­versed along the back of the neck that they form a hood, and it has, pro­por­tion­ally to its size, elong­ated wing and tail feath­ers. The trum­peter and laugh­er, as their names ex­press, ut­ter a very dif­fer­ent coo from the oth­er breeds. The fan­tail has thirty or even forty tail-feath­ers, in­stead of twelve or four­teen, the nor­mal num­ber in all the mem­bers of the great pi­geon fam­ily: these feath­ers are kept ex­pan­ded and are car­ried so erect that in good birds the head and tail touch: the oil-gland is quite abor­ted. Sev­er­al oth­er less dis­tinct breeds might be spe­cified.

				In the skel­et­ons of the sev­er­al breeds, the de­vel­op­ment of the bones of the face, in length and breadth and curvature, dif­fers enorm­ously. The shape, as well as the breadth and length of the ra­mus of the lower jaw, var­ies in a highly re­mark­able man­ner. The caud­al and sac­ral ver­teb­rae vary in num­ber; as does the num­ber of the ribs, to­geth­er with their re­l­at­ive breadth and the pres­ence of pro­cesses. The size and shape of the aper­tures in the sternum are highly vari­able; so is the de­gree of di­ver­gence and re­l­at­ive size of the two arms of the furcula. The pro­por­tion­al width of the gape of mouth, the pro­por­tion­al length of the eye­lids, of the ori­fice of the nos­trils, of the tongue (not al­ways in strict cor­rel­a­tion with the length of beak), the size of the crop and of the up­per part of the oe­so­phag­us; the de­vel­op­ment and abor­tion of the oil-gland; the num­ber of the primary wing and caud­al feath­ers; the re­l­at­ive length of the wing and tail to each oth­er and to the body; the re­l­at­ive length of the leg and foot; the num­ber of scu­tel­lae on the toes, the de­vel­op­ment of skin between the toes, are all points of struc­ture which are vari­able. The peri­od at which the per­fect plumage is ac­quired var­ies, as does the state of the down with which the nest­ling birds are clothed when hatched. The shape and size of the eggs vary. The man­ner of flight, and in some breeds the voice and dis­pos­i­tion, dif­fer re­mark­ably. Lastly, in cer­tain breeds, the males and fe­males have come to dif­fer in a slight de­gree from each oth­er.

				Al­to­geth­er at least a score of pi­geons might be chosen, which, if shown to an or­ni­tho­lo­gist, and he were told that they were wild birds, would cer­tainly be ranked by him as well-defined spe­cies. Moreover, I do not be­lieve that any or­ni­tho­lo­gist would in this case place the Eng­lish car­ri­er, the short-faced tum­bler, the runt, the barb, pout­er, and fan­tail in the same genus; more es­pe­cially as in each of these breeds sev­er­al truly-in­her­ited sub-breeds, or spe­cies, as he would call them, could be shown him.

				Great as are the dif­fer­ences between the breeds of the pi­geon, I am fully con­vinced that the com­mon opin­ion of nat­ur­al­ists is cor­rect, namely, that all are des­cen­ded from the rock-pi­geon (Columba livia), in­clud­ing un­der this term sev­er­al geo­graph­ic­al races or sub-spe­cies, which dif­fer from each oth­er in the most tri­fling re­spects. As sev­er­al of the reas­ons which have led me to this be­lief are in some de­gree ap­plic­able in oth­er cases, I will here briefly give them. If the sev­er­al breeds are not vari­et­ies, and have not pro­ceeded from the rock-pi­geon, they must have des­cen­ded from at least sev­en or eight ab­ori­gin­al stocks; for it is im­possible to make the present do­mest­ic breeds by the cross­ing of any less­er num­ber: how, for in­stance, could a pout­er be pro­duced by cross­ing two breeds un­less one of the par­ent-stocks pos­sessed the char­ac­ter­ist­ic enorm­ous crop? The sup­posed ab­ori­gin­al stocks must all have been rock-pi­geons, that is, they did not breed or will­ingly perch on trees. But be­sides C. livia, with its geo­graph­ic­al sub-spe­cies, only two or three oth­er spe­cies of rock-pi­geons are known; and these have not any of the char­ac­ters of the do­mest­ic breeds. Hence the sup­posed ab­ori­gin­al stocks must either still ex­ist in the coun­tries where they were ori­gin­ally do­mest­ic­ated, and yet be un­known to or­ni­tho­lo­gists; and this, con­sid­er­ing their size, habits and re­mark­able char­ac­ters, seems im­prob­able; or they must have be­come ex­tinct in the wild state. But birds breed­ing on pre­cip­ices, and good fly­ers, are un­likely to be ex­term­in­ated; and the com­mon rock-pi­geon, which has the same habits with the do­mest­ic breeds, has not been ex­term­in­ated even on sev­er­al of the smal­ler Brit­ish is­lets, or on the shores of the Medi­ter­ranean. Hence the sup­posed ex­term­in­a­tion of so many spe­cies hav­ing sim­il­ar habits with the rock-pi­geon seems a very rash as­sump­tion. Moreover, the sev­er­al above-named do­mest­ic­ated breeds have been trans­por­ted to all parts of the world, and, there­fore, some of them must have been car­ried back again in­to their nat­ive coun­try; but not one has be­come wild or fer­al, though the dove­cot-pi­geon, which is the rock-pi­geon in a very slightly altered state, has be­come fer­al in sev­er­al places. Again, all re­cent ex­per­i­ence shows that it is dif­fi­cult to get wild an­im­als to breed freely un­der do­mest­ic­a­tion; yet on the hy­po­thes­is of the mul­tiple ori­gin of our pi­geons, it must be as­sumed that at least sev­en or eight spe­cies were so thor­oughly do­mest­ic­ated in an­cient times by half-civ­il­ized man, as to be quite pro­lif­ic un­der con­fine­ment.

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

				Some facts in re­gard to the col­our­ing of pi­geons well de­serve con­sid­er­a­tion. The rock-pi­geon is of a slaty-blue, with white loins; but the In­di­an sub-spe­cies, C. in­ter­me­dia of Strick­land, has this part blu­ish. The tail has a ter­min­al dark bar, with the out­er feath­ers ex­tern­ally edged at the base with white. The wings have two black bars. Some semi-do­mest­ic breeds, and some truly wild breeds, have, be­sides the two black bars, the wings chequered with black. These sev­er­al marks do not oc­cur to­geth­er in any oth­er spe­cies of the whole fam­ily. Now, in every one of the do­mest­ic breeds, tak­ing thor­oughly well-bred birds, all the above marks, even to the white edging of the out­er tail-feath­ers, some­times con­cur per­fectly de­veloped. Moreover, when birds be­long­ing to two or more dis­tinct breeds are crossed, none of which are blue or have any of the above-spe­cified marks, the mon­grel off­spring are very apt sud­denly to ac­quire these char­ac­ters. To give one in­stance out of sev­er­al which I have ob­served: I crossed some white fan­tails, which breed very true, with some black barbs—and it so hap­pens that blue vari­et­ies of barbs are so rare that I nev­er heard of an in­stance in Eng­land; and the mon­grels were black, brown and mottled. I also crossed a barb with a spot, which is a white bird with a red tail and red spot on the fore­head, and which no­tori­ously breeds very true; the mon­grels were dusky and mottled. I then crossed one of the mon­grel barb-fan­tails with a mon­grel barb-spot, and they pro­duced a bird of as beau­ti­ful a blue col­our, with the white loins, double black wing-bar, and barred and white-edged tail-feath­ers, as any wild rock-pi­geon! We can un­der­stand these facts, on the well-known prin­ciple of re­ver­sion to an­ces­tral char­ac­ters, if all the do­mest­ic breeds are des­cen­ded from the rock-pi­geon. But if we deny this, we must make one of the two fol­low­ing highly im­prob­able sup­pos­i­tions. Either, first, that all the sev­er­al ima­gined ab­ori­gin­al stocks were col­oured and marked like the rock-pi­geon, al­though no oth­er ex­ist­ing spe­cies is thus col­oured and marked, so that in each sep­ar­ate breed there might be a tend­ency to re­vert to the very same col­ours and mark­ings. Or, secondly, that each breed, even the purest, has with­in a dozen, or at most with­in a score, of gen­er­a­tions, been crossed by the rock-pi­geon: I say with­in a dozen or twenty gen­er­a­tions, for no in­stance is known of crossed des­cend­ants re­vert­ing to an an­cest­or of for­eign blood, re­moved by a great­er num­ber of gen­er­a­tions. In a breed which has been crossed only once the tend­ency to re­vert to any char­ac­ter de­rived from such a cross will nat­ur­ally be­come less and less, as in each suc­ceed­ing gen­er­a­tion there will be less of the for­eign blood; but when there has been no cross, and there is a tend­ency in the breed to re­vert to a char­ac­ter which was lost dur­ing some former gen­er­a­tion, this tend­ency, for all that we can see to the con­trary, may be trans­mit­ted un­di­min­ished for an in­def­in­ite num­ber of gen­er­a­tions. These two dis­tinct cases of re­ver­sion are of­ten con­foun­ded to­geth­er by those who have writ­ten on in­her­it­ance.

				Lastly, the hy­brids or mon­grels from between all the breeds of the pi­geon are per­fectly fer­tile, as I can state from my own ob­ser­va­tions, pur­posely made, on the most dis­tinct breeds. Now, hardly any cases have been as­cer­tained with cer­tainty of hy­brids from two quite dis­tinct spe­cies of an­im­als be­ing per­fectly fer­tile. Some au­thors be­lieve that long-con­tin­ued do­mest­ic­a­tion elim­in­ates this strong tend­ency to ster­il­ity in spe­cies. From the his­tory of the dog, and of some oth­er do­mest­ic an­im­als, this con­clu­sion is prob­ably quite cor­rect, if ap­plied to spe­cies closely re­lated to each oth­er. But to ex­tend it so far as to sup­pose that spe­cies, ab­ori­gin­ally as dis­tinct as car­ri­ers, tum­blers, pout­ers, and fan­tails now are, should yield off­spring per­fectly fer­tile, inter se, seems to me rash in the ex­treme.

				From these sev­er­al reas­ons, namely, the im­prob­ab­il­ity of man hav­ing formerly made sev­en or eight sup­posed spe­cies of pi­geons to breed freely un­der do­mest­ic­a­tion—these sup­posed spe­cies be­ing quite un­known in a wild state, and their not hav­ing be­come any­where fer­al—these spe­cies present­ing cer­tain very ab­nor­mal char­ac­ters, as com­pared with all oth­er Colum­bid­ae, though so like the rock-pi­geon in most oth­er re­spects—the oc­ca­sion­al re­appear­ance of the blue col­our and vari­ous black marks in all the breeds, both when kept pure and when crossed—and lastly, the mon­grel off­spring be­ing per­fectly fer­tile—from these sev­er­al reas­ons, taken to­geth­er, we may safely con­clude that all our do­mest­ic breeds are des­cen­ded from the rock-pi­geon or Columba livia with its geo­graph­ic­al sub-spe­cies.

				In fa­vour of this view, I may add, firstly, that the wild C. livia has been found cap­able of do­mest­ic­a­tion in Europe and in In­dia; and that it agrees in habits and in a great num­ber of points of struc­ture with all the do­mest­ic breeds. Secondly, that al­though an Eng­lish car­ri­er or a short-faced tum­bler dif­fers im­mensely in cer­tain char­ac­ters from the rock-pi­geon, yet that by com­par­ing the sev­er­al sub-breeds of these two races, more es­pe­cially those brought from dis­tant coun­tries, we can make, between them and the rock-pi­geon, an al­most per­fect series; so we can in some oth­er cases, but not with all the breeds. Thirdly, those char­ac­ters which are mainly dis­tinct­ive of each breed are in each em­in­ently vari­able, for in­stance, the wattle and length of beak of the car­ri­er, the short­ness of that of the tum­bler, and the num­ber of tail-feath­ers in the fan­tail; and the ex­plan­a­tion of this fact will be ob­vi­ous when we treat of se­lec­tion. Fourthly, pi­geons have been watched and ten­ded with the ut­most care, and loved by many people. They have been do­mest­ic­ated for thou­sands of years in sev­er­al quar­ters of the world; the earli­est known re­cord of pi­geons is in the fifth Ae­gyp­tian dyn­asty, about 3000 BC, as was poin­ted out to me by Pro­fess­or Lep­si­us; but Mr. Birch in­forms me that pi­geons are giv­en in a bill of fare in the pre­vi­ous dyn­asty. In the time of the Ro­mans, as we hear from Pliny, im­mense prices were giv­en for pi­geons; “nay, they are come to this pass, that they can reck­on up their ped­i­gree and race.” Pi­geons were much val­ued by Ak­ber Khan in In­dia, about the year 1600; nev­er less than 20,000 pi­geons were taken with the court. “The mon­archs of Ir­an and Tur­an sent him some very rare birds;” and, con­tin­ues the courtly his­tor­i­an, “His Majesty, by cross­ing the breeds, which meth­od was nev­er prac­tised be­fore, has im­proved them as­ton­ish­ingly.” About this same peri­od the Dutch were as eager about pi­geons as were the old Ro­mans. The para­mount im­port­ance of these con­sid­er­a­tions in ex­plain­ing the im­mense amount of vari­ation which pi­geons have un­der­gone, will like­wise be ob­vi­ous when we treat of se­lec­tion. We shall then, also, see how it is that the sev­er­al breeds so of­ten have a some­what mon­strous char­ac­ter. It is also a most fa­vour­able cir­cum­stance for the pro­duc­tion of dis­tinct breeds, that male and fe­male pi­geons can be eas­ily mated for life; and thus dif­fer­ent breeds can be kept to­geth­er in the same avi­ary.

				I have dis­cussed the prob­able ori­gin of do­mest­ic pi­geons at some, yet quite in­suf­fi­cient, length; be­cause when I first kept pi­geons and watched the sev­er­al kinds, well know­ing how truly they breed, I felt fully as much dif­fi­culty in be­liev­ing that since they had been do­mest­ic­ated they had all pro­ceeded from a com­mon par­ent, as any nat­ur­al­ist could in com­ing to a sim­il­ar con­clu­sion in re­gard to the many spe­cies of finches, or oth­er groups of birds, in nature. One cir­cum­stance has struck me much; namely, that nearly all the breed­ers of the vari­ous do­mest­ic an­im­als and the cul­tiv­at­ors of plants, with whom I have con­versed, or whose treat­ises I have read, are firmly con­vinced that the sev­er­al breeds to which each has at­ten­ded, are des­cen­ded from so many ab­ori­gin­ally dis­tinct spe­cies. Ask, as I have asked, a cel­eb­rated raiser of Here­ford cattle, wheth­er his cattle might not have des­cen­ded from Long-horns, or both from a com­mon par­ent-stock, and he will laugh you to scorn. I have nev­er met a pi­geon, or poultry, or duck, or rab­bit fan­ci­er, who was not fully con­vinced that each main breed was des­cen­ded from a dis­tinct spe­cies. Van Mons, in his treat­ise on pears and apples, shows how ut­terly he dis­be­lieves that the sev­er­al sorts, for in­stance a Rib­ston-pip­pin or Cod­lin-apple, could ever have pro­ceeded from the seeds of the same tree. In­nu­mer­able oth­er ex­amples could be giv­en. The ex­plan­a­tion, I think, is simple: from long-con­tin­ued study they are strongly im­pressed with the dif­fer­ences between the sev­er­al races; and though they well know that each race var­ies slightly, for they win their prizes by se­lect­ing such slight dif­fer­ences, yet they ig­nore all gen­er­al ar­gu­ments, and re­fuse to sum up in their minds slight dif­fer­ences ac­cu­mu­lated dur­ing many suc­cess­ive gen­er­a­tions. May not those nat­ur­al­ists who, know­ing far less of the laws of in­her­it­ance than does the breed­er, and know­ing no more than he does of the in­ter­me­di­ate links in the long lines of des­cent, yet ad­mit that many of our do­mest­ic races are des­cen­ded from the same par­ents—may they not learn a les­son of cau­tion, when they de­ride the idea of spe­cies in a state of nature be­ing lin­eal des­cend­ants of oth­er spe­cies?

			
			
				Principles of Selection Anciently Followed, and Their Effects

				Let us now briefly con­sider the steps by which do­mest­ic races have been pro­duced, either from one or from sev­er­al al­lied spe­cies. Some ef­fect may be at­trib­uted to the dir­ect and def­in­ite ac­tion of the ex­tern­al con­di­tions of life, and some to habit; but he would be a bold man who would ac­count by such agen­cies for the dif­fer­ences between a dray and race-horse, a grey­hound and blood­hound, a car­ri­er and tum­bler pi­geon. One of the most re­mark­able fea­tures in our do­mest­ic­ated races is that we see in them ad­apt­a­tion, not in­deed to the an­im­al’s or plant’s own good, but to man’s use or fancy. Some vari­ations use­ful to him have prob­ably aris­en sud­denly, or by one step; many bot­an­ists, for in­stance, be­lieve that the fuller’s teasel, with its hooks, which can not be ri­valled by any mech­an­ic­al con­triv­ance, is only a vari­ety of the wild Dip­sa­cus; and this amount of change may have sud­denly aris­en in a seed­ling. So it has prob­ably been with the turn­spit dog; and this is known to have been the case with the ancon sheep. But when we com­pare the dray-horse and race-horse, the dromedary and camel, the vari­ous breeds of sheep fit­ted either for cul­tiv­ated land or moun­tain pas­ture, with the wool of one breed good for one pur­pose, and that of an­oth­er breed for an­oth­er pur­pose; when we com­pare the many breeds of dogs, each good for man in dif­fer­ent ways; when we com­pare the game-cock, so per­tina­cious in battle, with oth­er breeds so little quar­rel­some, with “ever­last­ing lay­ers” which nev­er de­sire to sit, and with the ban­tam so small and el­eg­ant; when we com­pare the host of ag­ri­cul­tur­al, culin­ary, orch­ard, and flower-garden races of plants, most use­ful to man at dif­fer­ent sea­sons and for dif­fer­ent pur­poses, or so beau­ti­ful in his eyes, we must, I think, look fur­ther than to mere vari­ab­il­ity. We can not sup­pose that all the breeds were sud­denly pro­duced as per­fect and as use­ful as we now see them; in­deed, in many cases, we know that this has not been their his­tory. The key is man’s power of ac­cu­mu­lat­ive se­lec­tion: nature gives suc­cess­ive vari­ations; man adds them up in cer­tain dir­ec­tions use­ful to him. In this sense he may be said to have made for him­self use­ful breeds.

				The great power of this prin­ciple of se­lec­tion is not hy­po­thet­ic­al. It is cer­tain that sev­er­al of our em­in­ent breed­ers have, even with­in a single life­time, mod­i­fied to a large ex­tent their breeds of cattle and sheep. In or­der fully to real­ise what they have done it is al­most ne­ces­sary to read sev­er­al of the many treat­ises de­voted to this sub­ject, and to in­spect the an­im­als. Breed­ers ha­bitu­ally speak of an an­im­al’s or­gan­isa­tion as some­thing plastic, which they can mod­el al­most as they please. If I had space I could quote nu­mer­ous pas­sages to this ef­fect from highly com­pet­ent au­thor­it­ies. You­att, who was prob­ably bet­ter ac­quain­ted with the works of ag­ri­cul­tur­al­ists than al­most any oth­er in­di­vidu­al, and who was him­self a very good judge of an­im­als, speaks of the prin­ciple of se­lec­tion as “that which en­ables the ag­ri­cul­tur­ist, not only to modi­fy the char­ac­ter of his flock, but to change it al­to­geth­er. It is the ma­gi­cian’s wand, by means of which he may sum­mon in­to life whatever form and mould he pleases.” Lord Somerville, speak­ing of what breed­ers have done for sheep, says: “It would seem as if they had chalked out upon a wall a form per­fect in it­self, and then had giv­en it ex­ist­ence.” In Sax­ony the im­port­ance of the prin­ciple of se­lec­tion in re­gard to me­rino sheep is so fully re­cog­nised, that men fol­low it as a trade: the sheep are placed on a table and are stud­ied, like a pic­ture by a con­nois­seur; this is done three times at in­ter­vals of months, and the sheep are each time marked and classed, so that the very best may ul­ti­mately be se­lec­ted for breed­ing.

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

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

				In re­gard to plants, there is an­oth­er means of ob­serving the ac­cu­mu­lated ef­fects of se­lec­tion—namely, by com­par­ing the di­versity of flowers in the dif­fer­ent vari­et­ies of the same spe­cies in the flower-garden; the di­versity of leaves, pods, or tubers, or whatever part is val­ued, in the kit­chen-garden, in com­par­is­on with the flowers of the same vari­et­ies; and the di­versity of fruit of the same spe­cies in the orch­ard, in com­par­is­on with the leaves and flowers of the same set of vari­et­ies. See how dif­fer­ent the leaves of the cab­bage are, and how ex­tremely alike the flowers; how un­like the flowers of the heartsease are, and how alike the leaves; how much the fruit of the dif­fer­ent kinds of goose­ber­ries dif­fer in size, col­our, shape, and hair­i­ness, and yet the flowers present very slight dif­fer­ences. It is not that the vari­et­ies which dif­fer largely in some one point do not dif­fer at all in oth­er points; this is hardly ever—I speak after care­ful ob­ser­va­tion—per­haps nev­er, the case. The law of cor­rel­ated vari­ation, the im­port­ance of which should nev­er be over­looked, will en­sure some dif­fer­ences; but, as a gen­er­al rule, it can­not be doubted that the con­tin­ued se­lec­tion of slight vari­ations, either in the leaves, the flowers, or the fruit, will pro­duce races dif­fer­ing from each oth­er chiefly in these char­ac­ters.

				It may be ob­jec­ted that the prin­ciple of se­lec­tion has been re­duced to meth­od­ic­al prac­tice for scarcely more than three-quar­ters of a cen­tury; it has cer­tainly been more at­ten­ded to of late years, and many treat­ises have been pub­lished on the sub­ject; and the res­ult has been, in a cor­res­pond­ing de­gree, rap­id and im­port­ant. But it is very far from true that the prin­ciple is a mod­ern dis­cov­ery. I could give sev­er­al ref­er­ences to works of high an­tiquity, in which the full im­port­ance of the prin­ciple is ac­know­ledged. In rude and bar­bar­ous peri­ods of Eng­lish his­tory choice an­im­als were of­ten im­por­ted, and laws were passed to pre­vent their ex­port­a­tion: the de­struc­tion of horses un­der a cer­tain size was ordered, and this may be com­pared to the “roguing” of plants by nurs­ery­men. The prin­ciple of se­lec­tion I find dis­tinctly giv­en in an an­cient Chinese en­cyc­lo­pae­dia. Ex­pli­cit rules are laid down by some of the Ro­man clas­sic­al writers. From pas­sages in Gen­es­is, it is clear that the col­our of do­mest­ic an­im­als was at that early peri­od at­ten­ded to. Sav­ages now some­times cross their dogs with wild can­ine an­im­als, to im­prove the breed, and they formerly did so, as is at­tested by pas­sages in Pliny. The sav­ages in South Africa match their draught cattle by col­our, as do some of the Eskimo their teams of dogs. Liv­ing­stone states that good do­mest­ic breeds are highly val­ued by the negroes in the in­teri­or of Africa who have not as­so­ci­ated with Europeans. Some of these facts do not show ac­tu­al se­lec­tion, but they show that the breed­ing of do­mest­ic an­im­als was care­fully at­ten­ded to in an­cient times, and is now at­ten­ded to by the low­est sav­ages. It would, in­deed, have been a strange fact, had at­ten­tion not been paid to breed­ing, for the in­her­it­ance of good and bad qual­it­ies is so ob­vi­ous.

			
			
				Unconscious Selection

				At the present time, em­in­ent breed­ers try by meth­od­ic­al se­lec­tion, with a dis­tinct ob­ject in view, to make a new strain or sub-breed, su­per­i­or to any­thing of the kind in the coun­try. But, for our pur­pose, a form of se­lec­tion, which may be called un­con­scious, and which res­ults from every­one try­ing to pos­sess and breed from the best in­di­vidu­al an­im­als, is more im­port­ant. Thus, a man who in­tends keep­ing point­ers nat­ur­ally tries to get as good dogs as he can, and af­ter­wards breeds from his own best dogs, but he has no wish or ex­pect­a­tion of per­man­ently al­ter­ing the breed. Nev­er­the­less we may in­fer that this pro­cess, con­tin­ued dur­ing cen­tur­ies, would im­prove and modi­fy any breed, in the same way as Bakewell, Collins, etc., by this very same pro­cess, only car­ried on more meth­od­ic­ally, did greatly modi­fy, even dur­ing their life­times, the forms and qual­it­ies of their cattle. Slow and in­sens­ible changes of this kind could nev­er be re­cog­nised un­less ac­tu­al meas­ure­ments or care­ful draw­ings of the breeds in ques­tion have been made long ago, which may serve for com­par­is­on. In some cases, how­ever, un­changed, or but little changed, in­di­vidu­als of the same breed ex­ist in less civ­il­ised dis­tricts, where the breed has been less im­proved. There is reas­on to be­lieve that King Charles’ span­iel has been un­con­sciously mod­i­fied to a large ex­tent since the time of that mon­arch. Some highly com­pet­ent au­thor­it­ies are con­vinced that the set­ter is dir­ectly de­rived from the span­iel, and has prob­ably been slowly altered from it. It is known that the Eng­lish point­er has been greatly changed with­in the last cen­tury, and in this case the change has, it is be­lieved, been chiefly ef­fected by crosses with the fox­hound; but what con­cerns us is, that the change has been ef­fected un­con­sciously and gradu­ally, and yet so ef­fec­tu­ally that, though the old Span­ish point­er cer­tainly came from Spain, Mr. Bor­row has not seen, as I am in­formed by him, any nat­ive dog in Spain like our point­er.

				By a sim­il­ar pro­cess of se­lec­tion, and by care­ful train­ing, Eng­lish race-horses have come to sur­pass in fleet­ness and size the par­ent Ar­abs, so that the lat­ter, by the reg­u­la­tions for the Good­wood Races, are fa­voured in the weights which they carry. Lord Spen­cer and oth­ers have shown how the cattle of Eng­land have in­creased in weight and in early ma­tur­ity, com­pared with the stock formerly kept in this coun­try. By com­par­ing the ac­counts giv­en in vari­ous old treat­ises of the former and present state of car­ri­er and tum­bler pi­geons in Bri­tain, In­dia, and Per­sia, we can trace the stages through which they have in­sens­ibly passed, and come to dif­fer so greatly from the rock-pi­geon.

				You­att gives an ex­cel­lent il­lus­tra­tion of the ef­fects of a course of se­lec­tion which may be con­sidered as un­con­scious, in so far that the breed­ers could nev­er have ex­pec­ted, or even wished, to pro­duce the res­ult which en­sued—namely, the pro­duc­tion of the dis­tinct strains. The two flocks of Leicester sheep kept by Mr. Buckley and Mr. Bur­gess, as Mr. You­att re­marks, “Have been purely bred from the ori­gin­al stock of Mr. Bakewell for up­wards of fifty years. There is not a sus­pi­cion ex­ist­ing in the mind of any­one at all ac­quain­ted with the sub­ject that the own­er of either of them has de­vi­ated in any one in­stance from the pure blood of Mr. Bakewell’s flock, and yet the dif­fer­ence between the sheep pos­sessed by these two gen­tle­men is so great that they have the ap­pear­ance of be­ing quite dif­fer­ent vari­et­ies.”

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

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

				A large amount of change, thus slowly and un­con­sciously ac­cu­mu­lated, ex­plains, as I be­lieve, the well-known fact, that in a num­ber of cases we can­not re­cog­nise, and there­fore do not know, the wild par­ent-stocks of the plants which have been longest cul­tiv­ated in our flower and kit­chen gar­dens. If it has taken cen­tur­ies or thou­sands of years to im­prove or modi­fy most of our plants up to their present stand­ard of use­ful­ness to man, we can un­der­stand how it is that neither Aus­tralia, the Cape of Good Hope, nor any oth­er re­gion in­hab­ited by quite un­civ­il­ised man, has af­forded us a single plant worth cul­ture. It is not that these coun­tries, so rich in spe­cies, do not by a strange chance pos­sess the ab­ori­gin­al stocks of any use­ful plants, but that the nat­ive plants have not been im­proved by con­tin­ued se­lec­tion up to a stand­ard of per­fec­tion com­par­able with that ac­quired by the plants in coun­tries an­ciently civ­il­ised.

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

				On the view here giv­en of the im­port­ant part which se­lec­tion by man has played, it be­comes at once ob­vi­ous, how it is that our do­mest­ic races show ad­apt­a­tion in their struc­ture or in their habits to man’s wants or fan­cies. We can, I think, fur­ther un­der­stand the fre­quently ab­nor­mal char­ac­ter of our do­mest­ic races, and like­wise their dif­fer­ences be­ing so great in ex­tern­al char­ac­ters, and re­l­at­ively so slight in in­tern­al parts or or­gans. Man can hardly se­lect, or only with much dif­fi­culty, any de­vi­ation of struc­ture ex­cept­ing such as is ex­tern­ally vis­ible; and in­deed he rarely cares for what is in­tern­al. He can nev­er act by se­lec­tion, ex­cept­ing on vari­ations which are first giv­en to him in some slight de­gree by nature. No man would ever try to make a fan­tail till he saw a pi­geon with a tail de­veloped in some slight de­gree in an un­usu­al man­ner, or a pout­er till he saw a pi­geon with a crop of some­what un­usu­al size; and the more ab­nor­mal or un­usu­al any char­ac­ter was when it first ap­peared, the more likely it would be to catch his at­ten­tion. But to use such an ex­pres­sion as try­ing to make a fan­tail is, I have no doubt, in most cases, ut­terly in­cor­rect. The man who first se­lec­ted a pi­geon with a slightly lar­ger tail, nev­er dreamed what the des­cend­ants of that pi­geon would be­come through long-con­tin­ued, partly un­con­scious and partly meth­od­ic­al, se­lec­tion. Per­haps the par­ent bird of all fan­tails had only four­teen tail-feath­ers some­what ex­pan­ded, like the present Java fan­tail, or like in­di­vidu­als of oth­er and dis­tinct breeds, in which as many as sev­en­teen tail-feath­ers have been coun­ted. Per­haps the first pout­er-pi­geon did not in­flate its crop much more than the tur­bit now does the up­per part of its oe­so­phag­us—a habit which is dis­reg­arded by all fan­ci­ers, as it is not one of the points of the breed.

				Nor let it be thought that some great de­vi­ation of struc­ture would be ne­ces­sary to catch the fan­ci­er’s eye: he per­ceives ex­tremely small dif­fer­ences, and it is in hu­man nature to value any nov­elty, how­ever slight, in one’s own pos­ses­sion. Nor must the value which would formerly have been set on any slight dif­fer­ences in the in­di­vidu­als of the same spe­cies, be judged of by the value which is now set on them, after sev­er­al breeds have fairly been es­tab­lished. It is known that with pi­geons many slight vari­ations now oc­ca­sion­ally ap­pear, but these are re­jec­ted as faults or de­vi­ations from the stand­ard of per­fec­tion in each breed. The com­mon goose has not giv­en rise to any marked vari­et­ies; hence the Toulouse and the com­mon breed, which dif­fer only in col­our, that most fleet­ing of char­ac­ters, have lately been ex­hib­ited as dis­tinct at our poultry-shows.

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

			
			
				Circumstances Favourable to Man’s Power of Selection

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

				With an­im­als, fa­cil­ity in pre­vent­ing crosses is an im­port­ant ele­ment in the form­a­tion of new races—at least, in a coun­try which is already stocked with oth­er races. In this re­spect en­clos­ure of the land plays a part. Wan­der­ing sav­ages or the in­hab­it­ants of open plains rarely pos­sess more than one breed of the same spe­cies. Pi­geons can be mated for life, and this is a great con­veni­ence to the fan­ci­er, for thus many races may be im­proved and kept true, though mingled in the same avi­ary; and this cir­cum­stance must have largely fa­voured the form­a­tion of new breeds. Pi­geons, I may add, can be propag­ated in great num­bers and at a very quick rate, and in­feri­or birds may be freely re­jec­ted, as when killed they serve for food. On the oth­er hand, cats, from their noc­turn­al ram­bling habits, can not be eas­ily matched, and, al­though so much val­ued by wo­men and chil­dren, we rarely see a dis­tinct breed long kept up; such breeds as we do some­times see are al­most al­ways im­por­ted from some oth­er coun­try. Al­though I do not doubt that some do­mest­ic an­im­als vary less than oth­ers, yet the rar­ity or ab­sence of dis­tinct breeds of the cat, the don­key, pea­cock, goose, etc., may be at­trib­uted in main part to se­lec­tion not hav­ing been brought in­to play: in cats, from the dif­fi­culty in pair­ing them; in don­keys, from only a few be­ing kept by poor people, and little at­ten­tion paid to their breed­ing; for re­cently in cer­tain parts of Spain and of the United States this an­im­al has been sur­pris­ingly mod­i­fied and im­proved by care­ful se­lec­tion; in pea­cocks, from not be­ing very eas­ily reared and a large stock not kept; in geese, from be­ing valu­able only for two pur­poses, food and feath­ers, and more es­pe­cially from no pleas­ure hav­ing been felt in the dis­play of dis­tinct breeds; but the goose, un­der the con­di­tions to which it is ex­posed when do­mest­ic­ated, seems to have a sin­gu­larly in­flex­ible or­gan­isa­tion, though it has var­ied to a slight ex­tent, as I have else­where de­scribed.

				Some au­thors have main­tained that the amount of vari­ation in our do­mest­ic pro­duc­tions is soon reached, and can nev­er af­ter­ward be ex­ceeded. It would be some­what rash to as­sert that the lim­it has been at­tained in any one case; for al­most all our an­im­als and plants have been greatly im­proved in many ways with­in a re­cent peri­od; and this im­plies vari­ation. It would be equally rash to as­sert that char­ac­ters now in­creased to their ut­most lim­it, could not, after re­main­ing fixed for many cen­tur­ies, again vary un­der new con­di­tions of life. No doubt, as Mr. Wal­lace has re­marked with much truth, a lim­it will be at last reached. For in­stance, there must be a lim­it to the fleet­ness of any ter­restri­al an­im­al, as this will be de­term­ined by the fric­tion to be over­come, the weight of the body to be car­ried, and the power of con­trac­tion in the mus­cu­lar fibres. But what con­cerns us is that the do­mest­ic vari­et­ies of the same spe­cies dif­fer from each oth­er in al­most every char­ac­ter, which man has at­ten­ded to and se­lec­ted, more than do the dis­tinct spe­cies of the same gen­era. Isidore Geof­froy St. Hil­aire has proved this in re­gard to size, and so it is with col­our, and prob­ably with the length of hair. With re­spect to fleet­ness, which de­pends on many bod­ily char­ac­ters, Ec­lipse was far fleeter, and a dray-horse is com­par­ably stronger, than any two nat­ur­al spe­cies be­long­ing to the same genus. So with plants, the seeds of the dif­fer­ent vari­et­ies of the bean or maize prob­ably dif­fer more in size than do the seeds of the dis­tinct spe­cies in any one genus in the same two fam­il­ies. The same re­mark holds good in re­gard to the fruit of the sev­er­al vari­et­ies of the plum, and still more strongly with the mel­on, as well as in many oth­er ana­log­ous cases.

				To sum up on the ori­gin of our do­mest­ic races of an­im­als and plants. Changed con­di­tions of life are of the highest im­port­ance in caus­ing vari­ab­il­ity, both by act­ing dir­ectly on the or­gan­isa­tion, and in­dir­ectly by af­fect­ing the re­pro­duct­ive sys­tem. It is not prob­able that vari­ab­il­ity is an in­her­ent and ne­ces­sary con­tin­gent, un­der all cir­cum­stances. The great­er or less force of in­her­it­ance and re­ver­sion de­term­ine wheth­er vari­ations shall en­dure. Vari­ab­il­ity is gov­erned by many un­known laws, of which cor­rel­ated growth is prob­ably the most im­port­ant. Some­thing, but how much we do not know, may be at­trib­uted to the def­in­ite ac­tion of the con­di­tions of life. Some, per­haps a great, ef­fect may be at­trib­uted to the in­creased use or dis­use of parts. The fi­nal res­ult is thus rendered in­fin­itely com­plex. In some cases the in­ter­cross­ing of ab­ori­gin­ally dis­tinct spe­cies ap­pears to have played an im­port­ant part in the ori­gin of our breeds. When sev­er­al breeds have once been formed in any coun­try, their oc­ca­sion­al in­ter­cross­ing, with the aid of se­lec­tion, has, no doubt, largely aided in the form­a­tion of new sub-breeds; but the im­port­ance of cross­ing has been much ex­ag­ger­ated, both in re­gard to an­im­als and to those plants which are propag­ated by seed. With plants which are tem­por­ar­ily propag­ated by cut­tings, buds, etc., the im­port­ance of cross­ing is im­mense; for the cul­tiv­at­or may here dis­reg­ard the ex­treme vari­ab­il­ity both of hy­brids and of mon­grels, and the ster­il­ity of hy­brids; but plants not propag­ated by seed are of little im­port­ance to us, for their en­dur­ance is only tem­por­ary. Over all these causes of change, the ac­cu­mu­lat­ive ac­tion of se­lec­tion, wheth­er ap­plied meth­od­ic­ally and quickly, or un­con­sciously and slowly, but more ef­fi­ciently, seems to have been the pre­dom­in­ant power.

			
		
	
		
			
				II

				Vari­ation Un­der Nature

			
			Be­fore ap­ply­ing the prin­ciples ar­rived at in the last chapter to or­gan­ic be­ings in a state of nature, we must briefly dis­cuss wheth­er these lat­ter are sub­ject to any vari­ation. To treat this sub­ject prop­erly, a long cata­logue of dry facts ought to be giv­en; but these I shall re­serve for a fu­ture work. Nor shall I here dis­cuss the vari­ous defin­i­tions which have been giv­en of the term spe­cies. No one defin­i­tion has sat­is­fied all nat­ur­al­ists; yet every nat­ur­al­ist knows vaguely what he means when he speaks of a spe­cies. Gen­er­ally the term in­cludes the un­known ele­ment of a dis­tinct act of cre­ation. The term “vari­ety” is al­most equally dif­fi­cult to define; but here com­munity of des­cent is al­most uni­ver­sally im­plied, though it can rarely be proved. We have also what are called mon­stros­it­ies; but they gradu­ate in­to vari­et­ies. By a mon­stros­ity I pre­sume is meant some con­sid­er­able de­vi­ation of struc­ture, gen­er­ally in­jur­i­ous, or not use­ful to the spe­cies. Some au­thors use the term “vari­ation” in a tech­nic­al sense, as im­ply­ing a modi­fic­a­tion dir­ectly due to the phys­ic­al con­di­tions of life; and “vari­ations” in this sense are sup­posed not to be in­her­ited; but who can say that the dwarfed con­di­tion of shells in the brack­ish wa­ters of the Balt­ic, or dwarfed plants on Alpine sum­mits, or the thick­er fur of an an­im­al from far north­wards, would not in some cases be in­her­ited for at least a few gen­er­a­tions? And in this case I pre­sume that the form would be called a vari­ety.

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

			
				Individual Differences

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

				There is one point con­nec­ted with in­di­vidu­al dif­fer­ences which is ex­tremely per­plex­ing: I refer to those gen­era which have been called “pro­tean” or “poly­morph­ic,” in which spe­cies present an in­or­din­ate amount of vari­ation. With re­spect to many of these forms, hardly two nat­ur­al­ists agree wheth­er to rank them as spe­cies or as vari­et­ies. We may in­stance Rubus, Rosa, and Hiera­ci­um among plants, sev­er­al gen­era of in­sects, and of Bra­chi­o­pod shells. In most poly­morph­ic gen­era some of the spe­cies have fixed and def­in­ite char­ac­ters. Gen­era which are poly­morph­ic in one coun­try seem to be, with a few ex­cep­tions, poly­morph­ic in oth­er coun­tries, and like­wise, judging from Bra­chi­o­pod shells, at former peri­ods of time. These facts are very per­plex­ing, for they seem to show that this kind of vari­ab­il­ity is in­de­pend­ent of the con­di­tions of life. I am in­clined to sus­pect that we see, at least in some of these poly­morph­ic gen­era, vari­ations which are of no ser­vice or dis­ser­vice to the spe­cies, and which con­sequently have not been seized on and rendered def­in­ite by nat­ur­al se­lec­tion, as here­after to be ex­plained.

				In­di­vidu­als of the same spe­cies of­ten present, as is known to every­one, great dif­fer­ences of struc­ture, in­de­pend­ently of vari­ation, as in the two sexes of vari­ous an­im­als, in the two or three castes of sterile fe­males or work­ers among in­sects, and in the im­ma­ture and lar­val states of many of the lower an­im­als. There are, also, cases of di­morph­ism and tri­morph­ism, both with an­im­als and plants. Thus, Mr. Wal­lace, who has lately called at­ten­tion to the sub­ject, has shown that the fe­males of cer­tain spe­cies of but­ter­flies, in the Malay­an Ar­chipelago, reg­u­larly ap­pear un­der two or even three con­spicu­ously dis­tinct forms, not con­nec­ted by in­ter­me­di­ate vari­et­ies. Fritz Muller has de­scribed ana­log­ous but more ex­traordin­ary cases with the males of cer­tain Brazili­an Crus­ta­ceans: thus, the male of a Tanais reg­u­larly oc­curs un­der two dis­tinct forms; one of these has strong and dif­fer­ently shaped pin­cers, and the oth­er has an­ten­nae much more abund­antly fur­nished with smelling-hairs. Al­though in most of these cases, the two or three forms, both with an­im­als and plants, are not now con­nec­ted by in­ter­me­di­ate grad­a­tions, it is pos­sible that they were once thus con­nec­ted. Mr. Wal­lace, for in­stance, de­scribes a cer­tain but­ter­fly which presents in the same is­land a great range of vari­et­ies con­nec­ted by in­ter­me­di­ate links, and the ex­treme links of the chain closely re­semble the two forms of an al­lied di­morph­ic spe­cies in­hab­it­ing an­oth­er part of the Malay Ar­chipelago. Thus also with ants, the sev­er­al work­er-castes are gen­er­ally quite dis­tinct; but in some cases, as we shall here­after see, the castes are con­nec­ted to­geth­er by finely gradu­ated vari­et­ies. So it is, as I have my­self ob­served, with some di­morph­ic plants. It cer­tainly at first ap­pears a highly re­mark­able fact that the same fe­male but­ter­fly should have the power of pro­du­cing at the same time three dis­tinct fe­male forms and a male; and that an herm­aph­rod­ite plant should pro­duce from the same seed-cap­sule three dis­tinct herm­aph­rod­ite forms, bear­ing three dif­fer­ent kinds of fe­males and three or even six dif­fer­ent kinds of males. Nev­er­the­less these cases are only ex­ag­ger­a­tions of the com­mon fact that the fe­male pro­duces off­spring of two sexes which some­times dif­fer from each oth­er in a won­der­ful man­ner.

			
			
				Doubtful Species

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

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

				That vari­et­ies of this doubt­ful nature are far from un­com­mon can­not be dis­puted. Com­pare the sev­er­al flor­as of Great Bri­tain, of France, or of the United States, drawn up by dif­fer­ent bot­an­ists, and see what a sur­pris­ing num­ber of forms have been ranked by one bot­an­ist as good spe­cies, and by an­oth­er as mere vari­et­ies. Mr. H. C. Wat­son, to whom I lie un­der deep ob­lig­a­tion for as­sist­ance of all kinds, has marked for me 182 Brit­ish plants, which are gen­er­ally con­sidered as vari­et­ies, but which have all been ranked by bot­an­ists as spe­cies; and in mak­ing this list he has omit­ted many tri­fling vari­et­ies, but which nev­er­the­less have been ranked by some bot­an­ists as spe­cies, and he has en­tirely omit­ted sev­er­al highly poly­morph­ic gen­era. Un­der gen­era, in­clud­ing the most poly­morph­ic forms, Mr. Babing­ton gives 251 spe­cies, where­as Mr. Bentham gives only 112—a dif­fer­ence of 139 doubt­ful forms! Among an­im­als which unite for each birth, and which are highly lo­co­mot­ive, doubt­ful forms, ranked by one zo­olo­gist as a spe­cies and by an­oth­er as a vari­ety, can rarely be found with­in the same coun­try, but are com­mon in sep­ar­ated areas. How many of the birds and in­sects in North Amer­ica and Europe, which dif­fer very slightly from each oth­er, have been ranked by one em­in­ent nat­ur­al­ist as un­doubted spe­cies, and by an­oth­er as vari­et­ies, or, as they are of­ten called, geo­graph­ic­al races! Mr. Wal­lace, in sev­er­al valu­able pa­pers on the vari­ous an­im­als, es­pe­cially on the Lepid­op­tera, in­hab­it­ing the is­lands of the great Malay­an Ar­chipelago, shows that they may be classed un­der four heads, namely, as vari­able forms, as loc­al forms, as geo­graph­ic­al races or sub­spe­cies, and as true rep­res­ent­at­ive spe­cies. The first or vari­able forms vary much with­in the lim­its of the same is­land. The loc­al forms are mod­er­ately con­stant and dis­tinct in each sep­ar­ate is­land; but when all from the sev­er­al is­lands are com­pared to­geth­er, the dif­fer­ences are seen to be so slight and gradu­ated that it is im­possible to define or de­scribe them, though at the same time the ex­treme forms are suf­fi­ciently dis­tinct. The geo­graph­ic­al races or sub­spe­cies are loc­al forms com­pletely fixed and isol­ated; but as they do not dif­fer from each oth­er by strongly marked and im­port­ant char­ac­ters, “There is no pos­sible test but in­di­vidu­al opin­ion to de­term­ine which of them shall be con­sidered as spe­cies and which as vari­et­ies.” Lastly, rep­res­ent­at­ive spe­cies fill the same place in the nat­ur­al eco­nomy of each is­land as do the loc­al forms and sub­spe­cies; but as they are dis­tin­guished from each oth­er by a great­er amount of dif­fer­ence than that between the loc­al forms and sub­spe­cies, they are al­most uni­ver­sally ranked by nat­ur­al­ists as true spe­cies. Nev­er­the­less, no cer­tain cri­terion can pos­sibly be giv­en by which vari­able forms, loc­al forms, sub spe­cies and rep­res­ent­at­ive spe­cies can be re­cog­nised.

				Many years ago, when com­par­ing, and see­ing oth­ers com­pare, the birds from the closely neigh­bour­ing is­lands of the Galapa­gos Ar­chipelago, one with an­oth­er, and with those from the Amer­ic­an main­land, I was much struck how en­tirely vague and ar­bit­rary is the dis­tinc­tion between spe­cies and vari­et­ies. On the is­lets of the little Madeira group there are many in­sects which are char­ac­ter­ized as vari­et­ies in Mr. Wol­la­ston’s ad­mir­able work, but which would cer­tainly be ranked as dis­tinct spe­cies by many en­to­mo­lo­gists. Even Ire­land has a few an­im­als, now gen­er­ally re­garded as vari­et­ies, but which have been ranked as spe­cies by some zo­olo­gists. Sev­er­al ex­per­i­enced or­ni­tho­lo­gists con­sider our Brit­ish red grouse as only a strongly marked race of a Nor­we­gi­an spe­cies, where­as the great­er num­ber rank it as an un­doubted spe­cies pe­cu­li­ar to Great Bri­tain. A wide dis­tance between the homes of two doubt­ful forms leads many nat­ur­al­ists to rank them as dis­tinct spe­cies; but what dis­tance, it has been well asked, will suf­fice if that between Amer­ica and Europe is ample, will that between Europe and the Azores, or Madeira, or the Ca­nar­ies, or between the sev­er­al is­lets of these small ar­chipela­gos, be suf­fi­cient?

				Mr. B. D. Walsh, a dis­tin­guished en­to­mo­lo­gist of the United States, has de­scribed what he calls Phyto­phagic vari­et­ies and Phyto­phagic spe­cies. Most ve­get­able-feed­ing in­sects live on one kind of plant or on one group of plants; some feed in­dis­crim­in­ately on many kinds, but do not in con­sequence vary. In sev­er­al cases, how­ever, in­sects found liv­ing on dif­fer­ent plants, have been ob­served by Mr. Walsh to present in their lar­val or ma­ture state, or in both states, slight, though con­stant dif­fer­ences in col­our, size, or in the nature of their se­cre­tions. In some in­stances the males alone, in oth­er in­stances, both males and fe­males, have been ob­served thus to dif­fer in a slight de­gree. When the dif­fer­ences are rather more strongly marked, and when both sexes and all ages are af­fected, the forms are ranked by all en­to­mo­lo­gists as good spe­cies. But no ob­serv­er can de­term­ine for an­oth­er, even if he can do so for him­self, which of these Phyto­phagic forms ought to be called spe­cies and which vari­et­ies. Mr. Walsh ranks the forms which it may be sup­posed would freely in­ter­cross, as vari­et­ies; and those which ap­pear to have lost this power, as spe­cies. As the dif­fer­ences de­pend on the in­sects hav­ing long fed on dis­tinct plants, it can­not be ex­pec­ted that in­ter­me­di­ate links con­nect­ing the sev­er­al forms should now be found. The nat­ur­al­ist thus loses his best guide in de­term­in­ing wheth­er to rank doubt­ful forms as vari­et­ies or spe­cies. This like­wise ne­ces­sar­ily oc­curs with closely al­lied or­gan­isms, which in­hab­it dis­tinct con­tin­ents or is­lands. When, on the oth­er hand, an an­im­al or plant ranges over the same con­tin­ent, or in­hab­its many is­lands in the same ar­chipelago, and presents dif­fer­ent forms in the dif­fer­ent areas, there is al­ways a good chance that in­ter­me­di­ate forms will be dis­covered which will link to­geth­er the ex­treme states; and these are then de­graded to the rank of vari­et­ies.

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

				Many of the cases of strongly marked vari­et­ies or doubt­ful spe­cies well de­serve con­sid­er­a­tion; for sev­er­al in­ter­est­ing lines of ar­gu­ment, from geo­graph­ic­al dis­tri­bu­tion, ana­lo­gic­al vari­ation, hy­brid­ism, etc., have been brought to bear in the at­tempt to de­term­ine their rank; but space does not here per­mit me to dis­cuss them. Close in­vest­ig­a­tion, in many cases, will no doubt bring nat­ur­al­ists to agree how to rank doubt­ful forms. Yet it must be con­fessed that it is in the best known coun­tries that we find the greatest num­ber of them. I have been struck with the fact that if any an­im­al or plant in a state of nature be highly use­ful to man, or from any cause closely at­tracts his at­ten­tion, vari­et­ies of it will al­most uni­ver­sally be found re­cor­ded. These vari­et­ies, moreover, will of­ten be ranked by some au­thors as spe­cies. Look at the com­mon oak, how closely it has been stud­ied; yet a Ger­man au­thor makes more than a dozen spe­cies out of forms, which are al­most uni­ver­sally con­sidered by oth­er bot­an­ists to be vari­et­ies; and in this coun­try the highest botan­ic­al au­thor­it­ies and prac­tic­al men can be quoted to show that the sessile and ped­uncu­lated oaks are either good and dis­tinct spe­cies or mere vari­et­ies.

				I may here al­lude to a re­mark­able mem­oir lately pub­lished by A. de Can­dolle, on the oaks of the whole world. No one ever had more ample ma­ter­i­als for the dis­crim­in­a­tion of the spe­cies, or could have worked on them with more zeal and saga­city. He first gives in de­tail all the many points of struc­ture which vary in the sev­er­al spe­cies, and es­tim­ates nu­mer­ic­ally the re­l­at­ive fre­quency of the vari­ations. He spe­cifies above a dozen char­ac­ters which may be found vary­ing even on the same branch, some­times ac­cord­ing to age or de­vel­op­ment, some­times without any as­signable reas­on. Such char­ac­ters are not of course of spe­cif­ic value, but they are, as Asa Gray has re­marked in com­ment­ing on this mem­oir, such as gen­er­ally enter in­to spe­cif­ic defin­i­tions. De Can­dolle then goes on to say that he gives the rank of spe­cies to the forms that dif­fer by char­ac­ters nev­er vary­ing on the same tree, and nev­er found con­nec­ted by in­ter­me­di­ate states. After this dis­cus­sion, the res­ult of so much la­bour, he em­phat­ic­ally re­marks: “They are mis­taken, who re­peat that the great­er part of our spe­cies are clearly lim­ited, and that the doubt­ful spe­cies are in a feeble minor­ity. This seemed to be true, so long as a genus was im­per­fectly known, and its spe­cies were foun­ded upon a few spe­ci­mens, that is to say, were pro­vi­sion­al. Just as we come to know them bet­ter, in­ter­me­di­ate forms flow in, and doubts as to spe­cif­ic lim­its aug­ment.” He also adds that it is the best known spe­cies which present the greatest num­ber of spon­tan­eous vari­et­ies and sub-vari­et­ies. Thus Quer­cus robur has twenty-eight vari­et­ies, all of which, ex­cept­ing six, are clustered round three sub­spe­cies, namely Q. ped­uncu­lata, sessili­flora and pu­bescens. The forms which con­nect these three sub­spe­cies are com­par­at­ively rare; and, as Asa Gray again re­marks, if these con­nect­ing forms which are now rare were to be­come totally ex­tinct the three sub­spe­cies would hold ex­actly the same re­la­tion to each oth­er as do the four or five pro­vi­sion­ally ad­mit­ted spe­cies which closely sur­round the typ­ic­al Quer­cus robur. Fi­nally, De Can­dolle ad­mits that out of the 300 spe­cies, which will be enu­mer­ated in his Pro­dro­mus as be­long­ing to the oak fam­ily, at least two-thirds are pro­vi­sion­al spe­cies, that is, are not known strictly to ful­fil the defin­i­tion above giv­en of a true spe­cies. It should be ad­ded that De Can­dolle no longer be­lieves that spe­cies are im­mut­able cre­ations, but con­cludes that the de­riv­at­ive the­ory is the most nat­ur­al one, “and the most ac­cord­ant with the known facts in pa­lae­on­to­logy, geo­graph­ic­al bot­any and zo­ology, of ana­tom­ic­al struc­ture and clas­si­fic­a­tion.”

				When a young nat­ur­al­ist com­mences the study of a group of or­gan­isms quite un­known to him he is at first much per­plexed in de­term­in­ing what dif­fer­ences to con­sider as spe­cif­ic and what as vari­et­al; for he knows noth­ing of the amount and kind of vari­ation to which the group is sub­ject; and this shows, at least, how very gen­er­ally there is some vari­ation. But if he con­fine his at­ten­tion to one class with­in one coun­try he will soon make up his mind how to rank most of the doubt­ful forms. His gen­er­al tend­ency will be to make many spe­cies, for he will be­come im­pressed, just like the pi­geon or poultry fan­ci­er be­fore al­luded to, with the amount of dif­fer­ence in the forms which he is con­tinu­ally study­ing; and he has little gen­er­al know­ledge of ana­lo­gic­al vari­ation in oth­er groups and in oth­er coun­tries by which to cor­rect his first im­pres­sions. As he ex­tends the range of his ob­ser­va­tions he will meet with more cases of dif­fi­culty; for he will en­counter a great­er num­ber of closely-al­lied forms. But if his ob­ser­va­tions be widely ex­ten­ded he will in the end gen­er­ally be able to make up his own mind; but he will suc­ceed in this at the ex­pense of ad­mit­ting much vari­ation, and the truth of this ad­mis­sion will of­ten be dis­puted by oth­er nat­ur­al­ists. When he comes to study al­lied forms brought from coun­tries not now con­tinu­ous, in which case he can­not hope to find in­ter­me­di­ate links, he will be com­pelled to trust al­most en­tirely to ana­logy, and his dif­fi­culties will rise to a cli­max.

				Cer­tainly no clear line of de­marc­a­tion has as yet been drawn between spe­cies and sub­spe­cies—that is, the forms which in the opin­ion of some nat­ur­al­ists come very near to, but do not quite ar­rive at, the rank of spe­cies; or, again, between sub­spe­cies and well-marked vari­et­ies, or between less­er vari­et­ies and in­di­vidu­al dif­fer­ences. These dif­fer­ences blend in­to each oth­er by an in­sens­ible series; and a series im­presses the mind with the idea of an ac­tu­al pas­sage.

				Hence I look at in­di­vidu­al dif­fer­ences, though of small in­terest to the sys­tem­at­ist, as of the highest im­port­ance for us, as be­ing the first step to­wards such slight vari­et­ies as are barely thought worth re­cord­ing in works on nat­ur­al his­tory. And I look at vari­et­ies which are in any de­gree more dis­tinct and per­man­ent, as steps to­ward more strongly marked and per­man­ent vari­et­ies; and at the lat­ter, as lead­ing to sub­spe­cies, and then to spe­cies. The pas­sage from one stage of dif­fer­ence to an­oth­er may, in many cases, be the simple res­ult of the nature of the or­gan­ism and of the dif­fer­ent phys­ic­al con­di­tions to which it has long been ex­posed; but with re­spect to the more im­port­ant and ad­apt­ive char­ac­ters, the pas­sage from one stage of dif­fer­ence to an­oth­er may be safely at­trib­uted to the cu­mu­lat­ive ac­tion of nat­ur­al se­lec­tion, here­after to be ex­plained, and to the ef­fects of the in­creased use or dis­use of parts. A well-marked vari­ety may there­fore be called an in­cip­i­ent spe­cies; but wheth­er this be­lief is jus­ti­fi­able must be judged by the weight of the vari­ous facts and con­sid­er­a­tions to be giv­en through­out this work.

				It need not be sup­posed that all vari­et­ies or in­cip­i­ent spe­cies at­tain the rank of spe­cies. They may be­come ex­tinct, or they may en­dure as vari­et­ies for very long peri­ods, as has been shown to be the case by Mr. Wol­la­ston with the vari­et­ies of cer­tain fossil land-shells in Madeira, and with plants by Gaston de Sa­porta. If a vari­ety were to flour­ish so as to ex­ceed in num­bers the par­ent spe­cies, it would then rank as the spe­cies, and the spe­cies as the vari­ety; or it might come to sup­plant and ex­term­in­ate the par­ent spe­cies; or both might co­ex­ist, and both rank as in­de­pend­ent spe­cies. But we shall here­after re­turn to this sub­ject.

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

			
			
				Wide-Ranging, Much Diffused, and Common Species Vary Most

				Guided by the­or­et­ic­al con­sid­er­a­tions, I thought that some in­ter­est­ing res­ults might be ob­tained in re­gard to the nature and re­la­tions of the spe­cies which vary most, by tab­u­lat­ing all the vari­et­ies in sev­er­al well-worked flor­as. At first this seemed a simple task; but Mr. H. C. Wat­son, to whom I am much in­debted for valu­able ad­vice and as­sist­ance on this sub­ject, soon con­vinced me that there were many dif­fi­culties, as did sub­sequently Dr. Hook­er, even in stronger terms. I shall re­serve for a fu­ture work the dis­cus­sion of these dif­fi­culties, and the tables of the pro­por­tion­al num­bers of the vary­ing spe­cies. Dr. Hook­er per­mits me to add that after hav­ing care­fully read my ma­nu­script, and ex­amined the tables, he thinks that the fol­low­ing state­ments are fairly well es­tab­lished. The whole sub­ject, how­ever, treated as it ne­ces­sar­ily here is with much brev­ity, is rather per­plex­ing, and al­lu­sions can­not be avoided to the “struggle for ex­ist­ence,” “di­ver­gence of char­ac­ter,” and oth­er ques­tions, here­after to be dis­cussed.

				Al­phonse de Can­dolle and oth­ers have shown that plants which have very wide ranges gen­er­ally present vari­et­ies; and this might have been ex­pec­ted, as they are ex­posed to di­verse phys­ic­al con­di­tions, and as they come in­to com­pet­i­tion (which, as we shall here­after see, is a far more im­port­ant cir­cum­stance) with dif­fer­ent sets of or­gan­ic be­ings. But my tables fur­ther show that, in any lim­ited coun­try, the spe­cies which are the most com­mon, that is abound most in in­di­vidu­als, and the spe­cies which are most widely dif­fused with­in their own coun­try (and this is a dif­fer­ent con­sid­er­a­tion from wide range, and to a cer­tain ex­tent from com­mon­ness), of­ten­est give rise to vari­et­ies suf­fi­ciently well-marked to have been re­cor­ded in botan­ic­al works. Hence it is the most flour­ish­ing, or, as they may be called, the dom­in­ant spe­cies—those which range widely, are the most dif­fused in their own coun­try, and are the most nu­mer­ous in in­di­vidu­als—which of­ten­est pro­duce well-marked vari­et­ies, or, as I con­sider them, in­cip­i­ent spe­cies. And this, per­haps, might have been an­ti­cip­ated; for, as vari­et­ies, in or­der to be­come in any de­gree per­man­ent, ne­ces­sar­ily have to struggle with the oth­er in­hab­it­ants of the coun­try, the spe­cies which are already dom­in­ant will be the most likely to yield off­spring, which, though in some slight de­gree mod­i­fied, still in­her­it those ad­vant­ages that en­abled their par­ents to be­come dom­in­ant over their com­pat­ri­ots. In these re­marks on pre­dom­in­ence, it should be un­der­stood that ref­er­ence is made only to the forms which come in­to com­pet­i­tion with each oth­er, and more es­pe­cially to the mem­bers of the same genus or class hav­ing nearly sim­il­ar habits of life. With re­spect to the num­ber of in­di­vidu­als or com­mon­ness of spe­cies, the com­par­is­on of course relates only to the mem­bers of the same group. One of the high­er plants may be said to be dom­in­ant if it be more nu­mer­ous in in­di­vidu­als and more widely dif­fused than the oth­er plants of the same coun­try, which live un­der nearly the same con­di­tions. A plant of this kind is not the less dom­in­ant be­cause some con­ferva in­hab­it­ing the wa­ter or some para­sit­ic fungus is in­fin­itely more nu­mer­ous in in­di­vidu­als, and more widely dif­fused. But if the con­ferva or para­sit­ic fungus ex­ceeds its al­lies in the above re­spects, it will then be dom­in­ant with­in its own class.

			
			
				Species of the Larger Genera in Each Country Vary More Frequently Than the Species of the Smaller Genera

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

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

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

			
			
				Many of the Species Included Within the Larger Genera Resemble Varieties in Being Very Closely, but Unequally, Related to Each Other, and in Having Restricted Ranges

				There are oth­er re­la­tions between the spe­cies of large gen­era and their re­cor­ded vari­et­ies which de­serve no­tice. We have seen that there is no in­fal­lible cri­terion by which to dis­tin­guish spe­cies and well-marked vari­et­ies; and when in­ter­me­di­ate links have not been found between doubt­ful forms, nat­ur­al­ists are com­pelled to come to a de­term­in­a­tion by the amount of dif­fer­ence between them, judging by ana­logy wheth­er or not the amount suf­fices to raise one or both to the rank of spe­cies. Hence the amount of dif­fer­ence is one very im­port­ant cri­terion in set­tling wheth­er two forms should be ranked as spe­cies or vari­et­ies. Now Fries has re­marked in re­gard to plants, and West­wood in re­gard to in­sects, that in large gen­era the amount of dif­fer­ence between the spe­cies is of­ten ex­ceed­ingly small. I have en­deav­oured to test this nu­mer­ic­ally by av­er­ages, and, as far as my im­per­fect res­ults go, they con­firm the view. I have also con­sul­ted some saga­cious and ex­per­i­enced ob­serv­ers, and, after de­lib­er­a­tion, they con­cur in this view. In this re­spect, there­fore, the spe­cies of the lar­ger gen­era re­semble vari­et­ies, more than do the spe­cies of the smal­ler gen­era. Or the case may be put in an­oth­er way, and it may be said, that in the lar­ger gen­era, in which a num­ber of vari­et­ies or in­cip­i­ent spe­cies great­er than the av­er­age are now man­u­fac­tur­ing, many of the spe­cies already man­u­fac­tured still to a cer­tain ex­tent re­semble vari­et­ies, for they dif­fer from each oth­er by a less than the usu­al amount of dif­fer­ence.

				Moreover, the spe­cies of the lar­ger gen­era are re­lated to each oth­er, in the same man­ner as the vari­et­ies of any one spe­cies are re­lated to each oth­er. No nat­ur­al­ist pre­tends that all the spe­cies of a genus are equally dis­tinct from each oth­er; they may gen­er­ally be di­vided in­to sub­gen­era, or sec­tions, or less­er groups. As Fries has well re­marked, little groups of spe­cies are gen­er­ally clustered like satel­lites around oth­er spe­cies. And what are vari­et­ies but groups of forms, un­equally re­lated to each oth­er, and clustered round cer­tain forms—that is, round their par­ent-spe­cies. Un­doubtedly there is one most im­port­ant point of dif­fer­ence between vari­et­ies and spe­cies, namely, that the amount of dif­fer­ence between vari­et­ies, when com­pared with each oth­er or with their par­ent-spe­cies, is much less than that between the spe­cies of the same genus. But when we come to dis­cuss the prin­ciple, as I call it, of di­ver­gence of char­ac­ter, we shall see how this may be ex­plained, and how the less­er dif­fer­ences between vari­et­ies tend to in­crease in­to the great­er dif­fer­ences between spe­cies.

				There is one oth­er point which is worth no­tice. Vari­et­ies gen­er­ally have much re­stric­ted ranges. This state­ment is in­deed scarcely more than a tru­ism, for if a vari­ety were found to have a wider range than that of its sup­posed par­ent-spe­cies, their de­nom­in­a­tions would be re­versed. But there is reas­on to be­lieve that the spe­cies which are very closely al­lied to oth­er spe­cies, and in so far re­semble vari­et­ies, of­ten have much re­stric­ted ranges. For in­stance, Mr. H. C. Wat­son has marked for me in the well-sifted Lon­don Cata­logue of Plants (4th edi­tion) sixty-three plants which are therein ranked as spe­cies, but which he con­siders as so closely al­lied to oth­er spe­cies as to be of doubt­ful value: these sixty-three re­puted spe­cies range on an av­er­age over 6.9 of the provinces in­to which Mr. Wat­son has di­vided Great Bri­tain. Now, in this same cata­logue, fifty-three ac­know­ledged vari­et­ies are re­cor­ded, and these range over 7.7 provinces; where­as, the spe­cies to which these vari­et­ies be­long range over 14.3 provinces. So that the ac­know­ledged vari­et­ies have very nearly the same re­stric­ted av­er­age range, as have the closely al­lied forms, marked for me by Mr. Wat­son as doubt­ful spe­cies, but which are al­most uni­ver­sally ranked by Brit­ish bot­an­ists as good and true spe­cies.

			
			
				Summary

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

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

			
		
	
		
			
				III

				Struggle for Ex­ist­ence

			
			Be­fore en­ter­ing on the sub­ject of this chapter I must make a few pre­lim­in­ary re­marks to show how the struggle for ex­ist­ence bears on nat­ur­al se­lec­tion. It has been seen in the last chapter that among or­gan­ic be­ings in a state of nature there is some in­di­vidu­al vari­ab­il­ity: in­deed I am not aware that this has ever been dis­puted. It is im­ma­ter­i­al for us wheth­er a mul­ti­tude of doubt­ful forms be called spe­cies or sub­spe­cies or vari­et­ies; what rank, for in­stance, the two or three hun­dred doubt­ful forms of Brit­ish plants are en­titled to hold, if the ex­ist­ence of any well-marked vari­et­ies be ad­mit­ted. But the mere ex­ist­ence of in­di­vidu­al vari­ab­il­ity and of some few well-marked vari­et­ies, though ne­ces­sary as the found­a­tion for the work, helps us but little in un­der­stand­ing how spe­cies arise in nature. How have all those ex­quis­ite ad­apt­a­tions of one part of the or­gan­isa­tion to an­oth­er part, and to the con­di­tions of life and of one or­gan­ic be­ing to an­oth­er be­ing, been per­fec­ted? We see these beau­ti­ful co-ad­apt­a­tions most plainly in the wood­peck­er and the mistle­toe; and only a little less plainly in the humblest para­site which clings to the hairs of a quad­ruped or feath­ers of a bird; in the struc­ture of the beetle which dives through the wa­ter; in the plumed seed which is waf­ted by the gentlest breeze; in short, we see beau­ti­ful ad­apt­a­tions every­where and in every part of the or­gan­ic world.

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

			We will now dis­cuss in a little more de­tail the struggle for ex­ist­ence. In my fu­ture work this sub­ject will be treated, as it well de­serves, at great­er length. The eld­er De Can­dolle and Lyell have largely and philo­soph­ic­ally shown that all or­gan­ic be­ings are ex­posed to severe com­pet­i­tion. In re­gard to plants, no one has treated this sub­ject with more spir­it and abil­ity than W. Her­bert, Dean of Manchester, evid­ently the res­ult of his great hor­ti­cul­tur­al know­ledge. Noth­ing is easi­er than to ad­mit in words the truth of the uni­ver­sal struggle for life, or more dif­fi­cult—at least I found it so—than con­stantly to bear this con­clu­sion in mind. Yet un­less it be thor­oughly en­grained in the mind, the whole eco­nomy of nature, with every fact on dis­tri­bu­tion, rar­ity, abund­ance, ex­tinc­tion, and vari­ation, will be dimly seen or quite mis­un­der­stood. We be­hold the face of nature bright with glad­ness, we of­ten see su­per­abund­ance of food; we do not see or we for­get that the birds which are idly singing round us mostly live on in­sects or seeds, and are thus con­stantly des­troy­ing life; or we for­get how largely these song­sters, or their eggs, or their nest­lings, are des­troyed by birds and beasts of prey; we do not al­ways bear in mind, that, though food may be now su­per­abund­ant, it is not so at all sea­sons of each re­cur­ring year.

			
				The Term, Struggle for Existence, Used in a Large Sense

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

			
			
				Geometrical Ratio of Increase

				A struggle for ex­ist­ence in­ev­it­ably fol­lows from the high rate at which all or­gan­ic be­ings tend to in­crease. Every be­ing, which dur­ing its nat­ur­al life­time pro­duces sev­er­al eggs or seeds, must suf­fer de­struc­tion dur­ing some peri­od of its life, and dur­ing some sea­son or oc­ca­sion­al year, oth­er­wise, on the prin­ciple of geo­met­ric­al in­crease, its num­bers would quickly be­come so in­or­din­ately great that no coun­try could sup­port the product. Hence, as more in­di­vidu­als are pro­duced than can pos­sibly sur­vive, there must in every case be a struggle for ex­ist­ence, either one in­di­vidu­al with an­oth­er of the same spe­cies, or with the in­di­vidu­als of dis­tinct spe­cies, or with the phys­ic­al con­di­tions of life. It is the doc­trine of Malthus ap­plied with man­i­fold force to the whole an­im­al and ve­get­able king­doms; for in this case there can be no ar­ti­fi­cial in­crease of food, and no pruden­tial re­straint from mar­riage. Al­though some spe­cies may be now in­creas­ing, more or less rap­idly, in num­bers, all can­not do so, for the world would not hold them.

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

				But we have bet­ter evid­ence on this sub­ject than mere the­or­et­ic­al cal­cu­la­tions, namely, the nu­mer­ous re­cor­ded cases of the as­ton­ish­ingly rap­id in­crease of vari­ous an­im­als in a state of nature, when cir­cum­stances have been fa­vour­able to them dur­ing two or three fol­low­ing sea­sons. Still more strik­ing is the evid­ence from our do­mest­ic an­im­als of many kinds which have run wild in sev­er­al parts of the world; if the state­ments of the rate of in­crease of slow-breed­ing cattle and horses in South Amer­ica, and lat­terly in Aus­tralia, had not been well au­then­tic­ated, they would have been in­cred­ible. So it is with plants; cases could be giv­en of in­tro­duced plants which have be­come com­mon through­out whole is­lands in a peri­od of less than ten years. Sev­er­al of the plants, such as the car­doon and a tall thistle, which are now the com­mon­est over the wide plains of La Plata, cloth­ing square leagues of sur­face al­most to the ex­clu­sion of every oth­er plant, have been in­tro­duced from Europe; and there are plants which now range in In­dia, as I hear from Dr. Fal­con­er, from Cape Co­mor­in to the Hi­m­alaya, which have been im­por­ted from Amer­ica since its dis­cov­ery. In such cases, and end­less oth­ers could be giv­en, no one sup­poses that the fer­til­ity of the an­im­als or plants has been sud­denly and tem­por­ar­ily in­creased in any sens­ible de­gree. The ob­vi­ous ex­plan­a­tion is that the con­di­tions of life have been highly fa­vour­able, and that there has con­sequently been less de­struc­tion of the old and young and that nearly all the young have been en­abled to breed. Their geo­met­ric­al ra­tio of in­crease, the res­ult of which nev­er fails to be sur­pris­ing, simply ex­plains their ex­traordin­ar­ily rap­id in­crease and wide dif­fu­sion in their new homes.

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

				The only dif­fer­ence between or­gan­isms which an­nu­ally pro­duce eggs or seeds by the thou­sand, and those which pro­duce ex­tremely few, is, that the slow breed­ers would re­quire a few more years to people, un­der fa­vour­able con­di­tions, a whole dis­trict, let it be ever so large. The condor lays a couple of eggs and the os­trich a score, and yet in the same coun­try the condor may be the more nu­mer­ous of the two. The Ful­mar pet­rel lays but one egg, yet it is be­lieved to be the most nu­mer­ous bird in the world. One fly de­pos­its hun­dreds of eggs, and an­oth­er, like the hip­pobosca, a single one. But this dif­fer­ence does not de­term­ine how many in­di­vidu­als of the two spe­cies can be sup­por­ted in a dis­trict. A large num­ber of eggs is of some im­port­ance to those spe­cies which de­pend on a fluc­tu­at­ing amount of food, for it al­lows them rap­idly to in­crease in num­ber. But the real im­port­ance of a large num­ber of eggs or seeds is to make up for much de­struc­tion at some peri­od of life; and this peri­od in the great ma­jor­ity of cases is an early one. If an an­im­al can in any way pro­tect its own eggs or young, a small num­ber may be pro­duced, and yet the av­er­age stock be fully kept up; but if many eggs or young are des­troyed, many must be pro­duced or the spe­cies will be­come ex­tinct. It would suf­fice to keep up the full num­ber of a tree, which lived on an av­er­age for a thou­sand years, if a single seed were pro­duced once in a thou­sand years, sup­pos­ing that this seed were nev­er des­troyed and could be en­sured to ger­min­ate in a fit­ting place; so that, in all cases, the av­er­age num­ber of any an­im­al or plant de­pends only in­dir­ectly on the num­ber of its eggs or seeds.

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

			
			
				Nature of the Checks to Increase

				The causes which check the nat­ur­al tend­ency of each spe­cies to in­crease are most ob­scure. Look at the most vig­or­ous spe­cies; by as much as it swarms in num­bers, by so much will it tend to in­crease still fur­ther. We know not ex­actly what the checks are even in a single in­stance. Nor will this sur­prise any­one who re­flects how ig­nor­ant we are on this head, even in re­gard to man­kind, al­though so in­com­par­ably bet­ter known than any oth­er an­im­al. This sub­ject of the checks to in­crease has been ably treated by sev­er­al au­thors, and I hope in a fu­ture work to dis­cuss it at con­sid­er­able length, more es­pe­cially in re­gard to the fer­al an­im­als of South Amer­ica. Here I will make only a few re­marks, just to re­call to the read­er’s mind some of the chief points. Eggs or very young an­im­als seem gen­er­ally to suf­fer most, but this is not in­vari­ably the case. With plants there is a vast de­struc­tion of seeds, but from some ob­ser­va­tions which I have made it ap­pears that the seed­lings suf­fer most from ger­min­at­ing in ground already thickly stocked with oth­er plants. Seed­lings, also, are des­troyed in vast num­bers by vari­ous en­emies; for in­stance, on a piece of ground three feet long and two wide, dug and cleared, and where there could be no chok­ing from oth­er plants, I marked all the seed­lings of our nat­ive weeds as they came up, and out of 357 no less than 295 were des­troyed, chiefly by slugs and in­sects. If turf which has long been mown, and the case would be the same with turf closely browsed by quad­ru­peds, be let to grow, the more vig­or­ous plants gradu­ally kill the less vig­or­ous, though fully grown plants; thus out of twenty spe­cies grown on a little plot of mown turf (three feet by four) nine spe­cies per­ished, from the oth­er spe­cies be­ing al­lowed to grow up freely.

				The amount of food for each spe­cies, of course, gives the ex­treme lim­it to which each can in­crease; but very fre­quently it is not the ob­tain­ing food, but the serving as prey to oth­er an­im­als, which de­term­ines the av­er­age num­ber of a spe­cies. Thus, there seems to be little doubt that the stock of part­ridges, grouse, and hares on any large es­tate de­pends chiefly on the de­struc­tion of ver­min. If not one head of game were shot dur­ing the next twenty years in Eng­land, and, at the same time, if no ver­min were des­troyed, there would, in all prob­ab­il­ity, be less game than at present, al­though hun­dreds of thou­sands of game an­im­als are now an­nu­ally shot. On the oth­er hand, in some cases, as with the ele­phant, none are des­troyed by beasts of prey; for even the ti­ger in In­dia most rarely dares to at­tack a young ele­phant pro­tec­ted by its dam.

				Cli­mate plays an im­port­ant part in de­term­in­ing the av­er­age num­bers of a spe­cies, and peri­od­ic­al sea­sons of ex­treme cold or drought seem to be the most ef­fect­ive of all checks. I es­tim­ated (chiefly from the greatly re­duced num­bers of nests in the spring) that the winter of 1854–5 des­troyed four-fifths of the birds in my own grounds; and this is a tre­mend­ous de­struc­tion, when we re­mem­ber that ten per­cent is an ex­traordin­ar­ily severe mor­tal­ity from epi­dem­ics with man. The ac­tion of cli­mate seems at first sight to be quite in­de­pend­ent of the struggle for ex­ist­ence; but in so far as cli­mate chiefly acts in re­du­cing food, it brings on the most severe struggle between the in­di­vidu­als, wheth­er of the same or of dis­tinct spe­cies, which sub­sist on the same kind of food. Even when cli­mate, for in­stance, ex­treme cold, acts dir­ectly, it will be the least vig­or­ous in­di­vidu­als, or those which have got least food through the ad­van­cing winter, which will suf­fer the most. When we travel from south to north, or from a damp re­gion to a dry, we in­vari­ably see some spe­cies gradu­ally get­ting rarer and rarer, and fi­nally dis­ap­pear­ing; and the change of cli­mate be­ing con­spicu­ous, we are temp­ted to at­trib­ute the whole ef­fect to its dir­ect ac­tion. But this is a false view; we for­get that each spe­cies, even where it most abounds, is con­stantly suf­fer­ing enorm­ous de­struc­tion at some peri­od of its life, from en­emies or from com­pet­it­ors for the same place and food; and if these en­emies or com­pet­it­ors be in the least de­gree fa­voured by any slight change of cli­mate, they will in­crease in num­bers; and as each area is already fully stocked with in­hab­it­ants, the oth­er spe­cies must de­crease. When we travel south­ward and see a spe­cies de­creas­ing in num­bers, we may feel sure that the cause lies quite as much in oth­er spe­cies be­ing fa­voured, as in this one be­ing hurt. So it is when we travel north­ward, but in a some­what less­er de­gree, for the num­ber of spe­cies of all kinds, and there­fore of com­pet­it­ors, de­creases north­ward; hence in go­ing north­ward, or in as­cend­ing a moun­tain, we far of­ten­er meet with stun­ted forms, due to the dir­ectly in­jur­i­ous ac­tion of cli­mate, than we do in pro­ceed­ing south­ward or in des­cend­ing a moun­tain. When we reach the Arc­tic re­gions, or snow-capped sum­mits, or ab­so­lute deserts, the struggle for life is al­most ex­clus­ively with the ele­ments.

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

				When a spe­cies, ow­ing to highly fa­vour­able cir­cum­stances, in­creases in­or­din­ately in num­bers in a small tract, epi­dem­ics—at least, this seems gen­er­ally to oc­cur with our game an­im­als—of­ten en­sue; and here we have a lim­it­ing check in­de­pend­ent of the struggle for life. But even some of these so-called epi­dem­ics ap­pear to be due to para­sit­ic worms, which have from some cause, pos­sibly in part through fa­cil­ity of dif­fu­sion among the crowded an­im­als, been dis­pro­por­tion­ally fa­voured: and here comes in a sort of struggle between the para­site and its prey.

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

			
			
				Complex Relations of All Animals and Plants to Each Other in the Struggle for Existence

				Many cases are on re­cord show­ing how com­plex and un­ex­pec­ted are the checks and re­la­tions between or­gan­ic be­ings, which have to struggle to­geth­er in the same coun­try. I will give only a single in­stance, which, though a simple one, in­ter­ested me. In Stafford­shire, on the es­tate of a re­la­tion, where I had ample means of in­vest­ig­a­tion, there was a large and ex­tremely bar­ren heath, which had nev­er been touched by the hand of man; but sev­er­al hun­dred acres of ex­actly the same nature had been en­closed twenty-five years pre­vi­ously and planted with Scotch fir. The change in the nat­ive ve­get­a­tion of the planted part of the heath was most re­mark­able, more than is gen­er­ally seen in passing from one quite dif­fer­ent soil to an­oth­er: not only the pro­por­tion­al num­bers of the heath-plants were wholly changed, but twelve spe­cies of plants (not count­ing grasses and ca­ri­ces) flour­ished in the plant­a­tions, which could not be found on the heath. The ef­fect on the in­sects must have been still great­er, for six in­sect­i­vor­ous birds were very com­mon in the plant­a­tions, which were not to be seen on the heath; and the heath was fre­quen­ted by two or three dis­tinct in­sect­i­vor­ous birds. Here we see how po­tent has been the ef­fect of the in­tro­duc­tion of a single tree, noth­ing whatever else hav­ing been done, with the ex­cep­tion of the land hav­ing been en­closed, so that cattle could not enter. But how im­port­ant an ele­ment en­clos­ure is, I plainly saw near Farnham, in Sur­rey. Here there are ex­tens­ive heaths, with a few clumps of old Scotch firs on the dis­tant hill­tops: with­in the last ten years large spaces have been en­closed, and self-sown firs are now spring­ing up in mul­ti­tudes, so close to­geth­er that all can­not live. When I as­cer­tained that these young trees had not been sown or planted I was so much sur­prised at their num­bers that I went to sev­er­al points of view, whence I could ex­am­ine hun­dreds of acres of the un­en­closed heath, and lit­er­ally I could not see a single Scotch fir, ex­cept the old planted clumps. But on look­ing closely between the stems of the heath, I found a mul­ti­tude of seed­lings and little trees, which had been per­petu­ally browsed down by the cattle. In one square yard, at a point some hun­dred yards dis­tant from one of the old clumps, I coun­ted thirty-two little trees; and one of them, with twenty-six rings of growth, had, dur­ing many years tried to raise its head above the stems of the heath, and had failed. No won­der that, as soon as the land was en­closed, it be­came thickly clothed with vig­or­ously grow­ing young firs. Yet the heath was so ex­tremely bar­ren and so ex­tens­ive that no one would ever have ima­gined that cattle would have so closely and ef­fec­tu­ally searched it for food.

				Here we see that cattle ab­so­lutely de­term­ine the ex­ist­ence of the Scotch fir; but in sev­er­al parts of the world in­sects de­term­ine the ex­ist­ence of cattle. Per­haps Paraguay of­fers the most curi­ous in­stance of this; for here neither cattle nor horses nor dogs have ever run wild, though they swarm south­ward and north­ward in a fer­al state; and Az­ara and Reng­ger have shown that this is caused by the great­er num­ber in Paraguay of a cer­tain fly, which lays its eggs in the na­vels of these an­im­als when first born. The in­crease of these flies, nu­mer­ous as they are, must be ha­bitu­ally checked by some means, prob­ably by oth­er para­sit­ic in­sects. Hence, if cer­tain in­sect­i­vor­ous birds were to de­crease in Paraguay, the para­sit­ic in­sects would prob­ably in­crease; and this would lessen the num­ber of the na­vel-fre­quent­ing flies—then cattle and horses would be­come fer­al, and this would cer­tainly greatly al­ter (as in­deed I have ob­served in parts of South Amer­ica) the ve­get­a­tion: this again would largely af­fect the in­sects; and this, as we have just seen in Stafford­shire, the in­sect­i­vor­ous birds, and so on­wards in ever-in­creas­ing circles of com­plex­ity. Not that un­der nature the re­la­tions will ever be as simple as this. Battle with­in battle must be con­tinu­ally re­cur­ring with vary­ing suc­cess; and yet in the long run the forces are so nicely bal­anced that the face of nature re­mains for long peri­ods of time uni­form, though as­suredly the merest trifle would give the vic­tory to one or­gan­ic be­ing over an­oth­er. Nev­er­the­less, so pro­found is our ig­nor­ance, and so high our pre­sump­tion, that we mar­vel when we hear of the ex­tinc­tion of an or­gan­ic be­ing; and as we do not see the cause, we in­voke cata­clysms to des­ol­ate the world, or in­vent laws on the dur­a­tion of the forms of life!

				I am temp­ted to give one more in­stance show­ing how plants and an­im­als, re­mote in the scale of nature, are bound to­geth­er by a web of com­plex re­la­tions. I shall here­after have oc­ca­sion to show that the exot­ic Lo­belia ful­gens is nev­er vis­ited in my garden by in­sects, and con­sequently, from its pe­cu­li­ar struc­ture, nev­er sets a seed. Nearly all our orch­idaceous plants ab­so­lutely re­quire the vis­its of in­sects to re­move their pol­len-masses and thus to fer­til­ise them. I find from ex­per­i­ments that humble­bees are al­most in­dis­pens­able to the fer­til­isa­tion of the heartsease (Vi­ola tri­col­or), for oth­er bees do not vis­it this flower. I have also found that the vis­its of bees are ne­ces­sary for the fer­til­isa­tion of some kinds of clover; for in­stance twenty heads of Dutch clover (Tri­fo­li­um re­pens) yiel­ded 2,290 seeds, but twenty oth­er heads, pro­tec­ted from bees, pro­duced not one. Again, 100 heads of red clover (T. pratense) pro­duced 2,700 seeds, but the same num­ber of pro­tec­ted heads pro­duced not a single seed. Humble­bees alone vis­it red clover, as oth­er bees can­not reach the nec­tar. It has been sug­ges­ted that moths may fer­til­ise the clovers; but I doubt wheth­er they could do so in the case of the red clover, from their weight not be­ing suf­fi­cient to de­press the wing petals. Hence we may in­fer as highly prob­able that, if the whole genus of humble­bees be­came ex­tinct or very rare in Eng­land, the heartsease and red clover would be­come very rare, or wholly dis­ap­pear. The num­ber of humble­bees in any dis­trict de­pends in a great meas­ure upon the num­ber of field-mice, which des­troy their combs and nests; and Col­on­el New­man, who has long at­ten­ded to the habits of humble­bees, be­lieves that “more than two-thirds of them are thus des­troyed all over Eng­land.” Now the num­ber of mice is largely de­pend­ent, as every­one knows, on the num­ber of cats; and Col­on­el New­man says, “Near vil­lages and small towns I have found the nests of humble­bees more nu­mer­ous than else­where, which I at­trib­ute to the num­ber of cats that des­troy the mice.” Hence it is quite cred­ible that the pres­ence of a fe­line an­im­al in large num­bers in a dis­trict might de­term­ine, through the in­ter­ven­tion first of mice and then of bees, the fre­quency of cer­tain flowers in that dis­trict!

				In the case of every spe­cies, many dif­fer­ent checks, act­ing at dif­fer­ent peri­ods of life, and dur­ing dif­fer­ent sea­sons or years, prob­ably come in­to play; some one check or some few be­ing gen­er­ally the most po­tent, but all will con­cur in de­term­in­ing the av­er­age num­ber, or even the ex­ist­ence of the spe­cies. In some cases it can be shown that widely-dif­fer­ent checks act on the same spe­cies in dif­fer­ent dis­tricts. When we look at the plants and bushes cloth­ing an en­tangled bank, we are temp­ted to at­trib­ute their pro­por­tion­al num­bers and kinds to what we call chance. But how false a view is this! Every­one has heard that when an Amer­ic­an forest is cut down, a very dif­fer­ent ve­get­a­tion springs up; but it has been ob­served that an­cient In­di­an ru­ins in the South­ern United States, which must formerly have been cleared of trees, now dis­play the same beau­ti­ful di­versity and pro­por­tion of kinds as in the sur­round­ing vir­gin forests. What a struggle must have gone on dur­ing long cen­tur­ies between the sev­er­al kinds of trees, each an­nu­ally scat­ter­ing its seeds by the thou­sand; what war between in­sect and in­sect—between in­sects, snails, and oth­er an­im­als with birds and beasts of prey—all striv­ing to in­crease, all feed­ing on each oth­er, or on the trees, their seeds 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, and all fall to the ground ac­cord­ing to def­in­ite laws; but how simple is the prob­lem where each shall fall com­pared to that of the ac­tion and re­ac­tion of the in­nu­mer­able plants and an­im­als which have de­term­ined, in the course of cen­tur­ies, the pro­por­tion­al num­bers and kinds of trees now grow­ing on the old In­di­an ru­ins!

				The de­pend­ency of one or­gan­ic be­ing on an­oth­er, as of a para­site on its prey, lies gen­er­ally between be­ings re­mote in the scale of nature. This is like­wise some­times the case with those which may strictly be said to struggle with each oth­er for ex­ist­ence, as in the case of lo­custs and grass-feed­ing quad­ru­peds. But the struggle will al­most in­vari­ably be most severe between the in­di­vidu­als of the same spe­cies, for they fre­quent the same dis­tricts, re­quire the same food, and are ex­posed to the same dangers. In the case of vari­et­ies of the same spe­cies, the struggle will gen­er­ally be al­most equally severe, and we some­times see the con­test soon de­cided: for in­stance, if sev­er­al vari­et­ies of wheat be sown to­geth­er, and the mixed seed be resown, some of the vari­et­ies which best suit the soil or cli­mate, or are nat­ur­ally the most fer­tile, will beat the oth­ers and so yield more seed, and will con­sequently in a few years sup­plant the oth­er vari­et­ies. To keep up a mixed stock of even such ex­tremely close vari­et­ies as the vari­ously col­oured sweet-peas, they must be each year har­ves­ted sep­ar­ately, and the seed then mixed in due pro­por­tion, oth­er­wise the weak­er kinds will stead­ily de­crease in num­ber and dis­ap­pear. So again with the vari­et­ies of sheep: it has been as­ser­ted that cer­tain moun­tain-vari­et­ies will starve out oth­er moun­tain-vari­et­ies, so that they can­not be kept to­geth­er. The same res­ult has fol­lowed from keep­ing to­geth­er dif­fer­ent vari­et­ies of the medi­cin­al leech. It may even be doubted wheth­er the vari­et­ies of any of our do­mest­ic plants or an­im­als have so ex­actly the same strength, habits, and con­sti­tu­tion, that the ori­gin­al pro­por­tions of a mixed stock (cross­ing be­ing pre­ven­ted) could be kept up for half-a-dozen gen­er­a­tions, if they were al­lowed to struggle to­geth­er, in the same man­ner as be­ings in a state of nature, and if the seed or young were not an­nu­ally pre­served in due pro­por­tion.

			
			
				Struggle for Life Most Severe Between Individuals and Varieties of the Same Species

				As the spe­cies of the same genus usu­ally have, though by no means in­vari­ably, much sim­il­ar­ity in habits and con­sti­tu­tion, and al­ways in struc­ture, the struggle will gen­er­ally be more severe between them, if they come in­to com­pet­i­tion with each oth­er, than between the spe­cies of dis­tinct gen­era. We see this in the re­cent ex­ten­sion over parts of the United States of one spe­cies of swal­low hav­ing caused the de­crease of an­oth­er spe­cies. The re­cent in­crease of the mis­sel-thrush in parts of Scot­land has caused the de­crease of the song-thrush. How fre­quently we hear of one spe­cies of rat tak­ing the place of an­oth­er spe­cies un­der the most dif­fer­ent cli­mates! In Rus­sia the small Asi­at­ic cock­roach has every­where driv­en be­fore it its great con­gen­er. In Aus­tralia the im­por­ted hive-bee is rap­idly ex­term­in­at­ing the small, sting­less nat­ive bee. One spe­cies of char­lock has been known to sup­plant an­oth­er spe­cies; and so in oth­er cases. We can dimly see why the com­pet­i­tion should be most severe between 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 over an­oth­er in the great battle of life.

				A co­rol­lary of the highest im­port­ance may be de­duced from the fore­go­ing re­marks, namely, that the struc­ture of every or­gan­ic be­ing is re­lated, in the most es­sen­tial yet of­ten hid­den man­ner, to that of all oth­er or­gan­ic be­ings, with which it comes in­to com­pet­i­tion for food or res­id­ence, or from which it has to es­cape, or on which it preys. This is ob­vi­ous in the struc­ture of the teeth and talons of the ti­ger; and in that of the legs and claws of the para­site which clings to the hair on the ti­ger’s body. But in the beau­ti­fully plumed seed of the dan­deli­on, and in the flattened and fringed legs of the wa­ter-beetle, the re­la­tion seems at first con­fined to the ele­ments of air and wa­ter. Yet the ad­vant­age of the plumed seeds no doubt stands in the closest re­la­tion to the land be­ing already thickly clothed with oth­er plants; so that the seeds may be widely dis­trib­uted and fall on un­oc­cu­pied ground. In the wa­ter-beetle, the struc­ture of its legs, so well ad­ap­ted for diving, al­lows it to com­pete with oth­er aquat­ic in­sects, to hunt for its own prey, and to es­cape serving as prey to oth­er an­im­als.

				The store of nu­tri­ment laid up with­in the seeds of many plants seems at first sight to have no sort of re­la­tion to oth­er plants. But from the strong growth of young plants pro­duced from such seeds, as peas and beans, when sown in the midst of long grass, it may be sus­pec­ted that the chief use of the nu­tri­ment in the seed is to fa­vour the growth of the seed­lings, whilst strug­gling with oth­er plants grow­ing vig­or­ously all around.

				Look at a plant in the midst of its range! Why does it not double or quad­ruple its num­bers? We know that it can per­fectly well with­stand a little more heat or cold, damp­ness or dry­ness, for else­where it ranges in­to slightly hot­ter or colder, damper or drier dis­tricts. In this case we can clearly see that if we wish in ima­gin­a­tion to give the plant the power of in­creas­ing in num­bers, we should have to give it some ad­vant­age over its com­pet­it­ors, or over the an­im­als which prey on it. On the con­fines of its geo­graph­ic­al range, a change of con­sti­tu­tion with re­spect to cli­mate would clearly be an ad­vant­age to our plant; but we have reas­on to be­lieve that only a few plants or an­im­als range so far, that they are des­troyed ex­clus­ively by the rigour of the cli­mate. Not un­til we reach the ex­treme con­fines of life, in the Arc­tic re­gions or on the bor­ders of an ut­ter desert, will com­pet­i­tion cease. The land may be ex­tremely cold or dry, yet there will be com­pet­i­tion between some few spe­cies, or between the in­di­vidu­als of the same spe­cies, for the warmest or dampest spots.

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

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

			
		
	
		
			
				IV

				Nat­ur­al Se­lec­tion; or the Sur­viv­al of the Fit­test

			
			How will the struggle for ex­ist­ence, briefly dis­cussed in the last chapter, act in re­gard to vari­ation? Can the prin­ciple of se­lec­tion, which we have seen is so po­tent in the hands of man, ap­ply un­der nature? I think we shall see that it can act most ef­fi­ciently. Let the end­less num­ber of slight vari­ations and in­di­vidu­al dif­fer­ences oc­cur­ring in our do­mest­ic pro­duc­tions, and, in a less­er de­gree, in those un­der nature, be borne in mind; as well as the strength of the hered­it­ary tend­ency. Un­der do­mest­ic­a­tion, it may truly be said that the whole or­gan­isa­tion be­comes in some de­gree plastic. But the vari­ab­il­ity, which we al­most uni­ver­sally meet with in our do­mest­ic pro­duc­tions is not dir­ectly pro­duced, as Hook­er and Asa Gray have well re­marked, by man; he can neither ori­gin­ate vari­et­ies nor pre­vent their oc­cur­rence; he can only pre­serve and ac­cu­mu­late such as do oc­cur. Un­in­ten­tion­ally he ex­poses or­gan­ic be­ings to new and chan­ging con­di­tions of life, and vari­ab­il­ity en­sues; but sim­il­ar changes of con­di­tions might and do oc­cur un­der nature. Let it also be borne in mind how in­fin­itely com­plex and close-fit­ting are the mu­tu­al re­la­tions of all or­gan­ic be­ings to each oth­er and to their phys­ic­al con­di­tions of life; and con­sequently what in­fin­itely var­ied di­versit­ies of struc­ture might be of use to each be­ing un­der chan­ging con­di­tions of life. Can it then be thought im­prob­able, see­ing that vari­ations use­ful to man have un­doubtedly oc­curred, that oth­er vari­ations use­ful in some way to each be­ing in the great and com­plex battle of life, should oc­cur in the course of many suc­cess­ive gen­er­a­tions? If such do oc­cur, can we doubt (re­mem­ber­ing that many more in­di­vidu­als are born than can pos­sibly sur­vive) that in­di­vidu­als hav­ing any ad­vant­age, how­ever slight, over oth­ers, would have the best chance of sur­viv­ing and pro­cre­at­ing their kind? On the oth­er hand, we may feel sure that any vari­ation in the least de­gree in­jur­i­ous would be ri­gidly des­troyed. This pre­ser­va­tion of fa­vour­able in­di­vidu­al dif­fer­ences and vari­ations, and the de­struc­tion of those which are in­jur­i­ous, I have called Nat­ur­al Se­lec­tion, or the Sur­viv­al of the Fit­test. Vari­ations neither use­ful nor in­jur­i­ous would not be af­fected by nat­ur­al se­lec­tion, and would be left either a fluc­tu­at­ing ele­ment, as per­haps we see in cer­tain poly­morph­ic spe­cies, or would ul­ti­mately be­come fixed, ow­ing to the nature of the or­gan­ism and the nature of the con­di­tions.

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

			We shall best un­der­stand the prob­able course of nat­ur­al se­lec­tion by tak­ing the case of a coun­try un­der­go­ing some slight phys­ic­al change, for in­stance, of cli­mate. The pro­por­tion­al num­bers of its in­hab­it­ants will al­most im­me­di­ately un­der­go a change, and some spe­cies will prob­ably be­come ex­tinct. We may con­clude, from what we have seen of the in­tim­ate and com­plex man­ner in which the in­hab­it­ants of each coun­try are bound to­geth­er, that any change in the nu­mer­ic­al pro­por­tions of the in­hab­it­ants, in­de­pend­ently of the change of cli­mate it­self, would ser­i­ously af­fect the oth­ers. If the coun­try were open on its bor­ders, new forms would cer­tainly im­mig­rate, and this would like­wise ser­i­ously dis­turb the re­la­tions of some of the former in­hab­it­ants. Let it be re­membered how power­ful the in­flu­ence of a single in­tro­duced tree or mam­mal has been shown to be. But in the case of an is­land, or of a coun­try partly sur­roun­ded by bar­ri­ers, in­to which new and bet­ter ad­ap­ted forms could not freely enter, we should then have places in the eco­nomy of nature which would as­suredly be bet­ter filled up if some of the ori­gin­al in­hab­it­ants were in some man­ner mod­i­fied; for, had the area been open to im­mig­ra­tion, these same places would have been seized on by in­truders. In such cases, slight modi­fic­a­tions, which in any way fa­voured the in­di­vidu­als of any spe­cies, by bet­ter ad­apt­ing them to their altered con­di­tions, would tend to be pre­served; and nat­ur­al se­lec­tion would have free scope for the work of im­prove­ment.

			We have good reas­on to be­lieve, as shown in the first chapter, that changes in the con­di­tions of life give a tend­ency to in­creased vari­ab­il­ity; and in the fore­go­ing cases the con­di­tions have changed, and this would mani­festly be fa­vour­able to nat­ur­al se­lec­tion, by af­ford­ing a bet­ter chance of the oc­cur­rence of prof­it­able vari­ations. Un­less such oc­cur, nat­ur­al se­lec­tion can do noth­ing. Un­der the term of “vari­ations,” it must nev­er be for­got­ten that mere in­di­vidu­al dif­fer­ences are in­cluded. As man can pro­duce a great res­ult with his do­mest­ic an­im­als and plants by adding up in any giv­en dir­ec­tion in­di­vidu­al dif­fer­ences, so could nat­ur­al se­lec­tion, but far more eas­ily from hav­ing in­com­par­ably longer time for ac­tion. Nor do I be­lieve that any great phys­ic­al change, as of cli­mate, or any un­usu­al de­gree of isol­a­tion, to check im­mig­ra­tion, is ne­ces­sary in or­der that new and un­oc­cu­pied places should be left for nat­ur­al se­lec­tion to fill up by im­prov­ing some of the vary­ing in­hab­it­ants. For as all the in­hab­it­ants of each coun­try are strug­gling to­geth­er with nicely bal­anced forces, ex­tremely slight modi­fic­a­tions in the struc­ture or habits of one spe­cies would of­ten give it an ad­vant­age over oth­ers; and still fur­ther modi­fic­a­tions of the same kind would of­ten still fur­ther in­crease the ad­vant­age, as long as the spe­cies con­tin­ued un­der the same con­di­tions of life and profited by sim­il­ar means of sub­sist­ence and de­fence. No coun­try can be named in which all the nat­ive in­hab­it­ants are now so per­fectly ad­ap­ted to each oth­er and to the phys­ic­al con­di­tions un­der which they live, that none of them could be still bet­ter ad­ap­ted or im­proved; for in all coun­tries, the nat­ives have been so far conquered by nat­ur­al­ised pro­duc­tions that they have al­lowed some for­eign­ers to take firm pos­ses­sion of the land. And as for­eign­ers have thus in every coun­try beaten some of the nat­ives, we may safely con­clude that the nat­ives might have been mod­i­fied with ad­vant­age, so as to have bet­ter res­isted the in­truders.

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

			It may meta­phor­ic­ally be said that nat­ur­al se­lec­tion is daily and hourly scru­tin­ising, through­out the world, the slight­est vari­ations; re­ject­ing those that are bad, pre­serving and adding up all that are good; si­lently and in­sens­ibly work­ing, whenev­er and wherever op­por­tun­ity of­fers, at the im­prove­ment of each or­gan­ic be­ing in re­la­tion to its or­gan­ic and in­or­gan­ic con­di­tions of life. We see noth­ing of these slow changes in pro­gress, un­til the hand of time has marked the long lapse of ages, and then so im­per­fect is our view in­to long-past geo­lo­gic­al ages that we see only that the forms of life are now dif­fer­ent from what they formerly were.

			In or­der that any great amount of modi­fic­a­tion should be ef­fected in a spe­cies, a vari­ety, when once formed must again, per­haps after a long in­ter­val of time, vary or present in­di­vidu­al dif­fer­ences of the same fa­vour­able nature as be­fore; and these must again be pre­served, and so on­ward, step by step. See­ing that in­di­vidu­al dif­fer­ences of the same kind per­petu­ally re­cur, this can hardly be con­sidered as an un­war­rant­able as­sump­tion. But wheth­er it is true, we can judge only by see­ing how far the hy­po­thes­is ac­cords with and ex­plains the gen­er­al phe­nom­ena of nature. On the oth­er hand, the or­din­ary be­lief that the amount of pos­sible vari­ation is a strictly lim­ited quant­ity, is like­wise a simple as­sump­tion.

			Al­though nat­ur­al se­lec­tion can act only through and for the good of each be­ing, yet char­ac­ters and struc­tures, which we are apt to con­sider as of very tri­fling im­port­ance, may thus be ac­ted on. When we see leaf-eat­ing in­sects green, and bark-feed­ers mottled-grey; the alpine ptar­mig­an white in winter, the red-grouse the col­our of heath­er, we must be­lieve that these tints are of ser­vice to these birds and in­sects in pre­serving them from danger. Grouse, if not des­troyed at some peri­od of their lives, would in­crease in count­less num­bers; they are known to suf­fer largely from birds of prey; and hawks are guided by eye­sight to their prey—so much so that on parts of the con­tin­ent per­sons are warned not to keep white pi­geons, as be­ing the most li­able to de­struc­tion. Hence nat­ur­al se­lec­tion might be ef­fect­ive in giv­ing the prop­er col­our to each kind of grouse, and in keep­ing that col­our, when once ac­quired, true and con­stant. Nor ought we to think that the oc­ca­sion­al de­struc­tion of an an­im­al of any par­tic­u­lar col­our would pro­duce little ef­fect; we should re­mem­ber how es­sen­tial it is in a flock of white sheep to des­troy a lamb with the faintest trace of black. We have seen how the col­our of hogs, which feed on the “paint-root” in Vir­gin­ia, de­term­ines wheth­er they shall live or die. In plants, the down on the fruit and the col­our of the flesh are con­sidered by bot­an­ists as char­ac­ters of the most tri­fling im­port­ance; yet we hear from an ex­cel­lent hor­ti­cul­tur­ist, Down­ing, that in the United States smooth-skinned fruits suf­fer far more from a beetle, a Curculio, than those with down; that purple plums suf­fer far more from a cer­tain dis­ease than yel­low plums; where­as an­oth­er dis­ease at­tacks yel­low-fleshed peaches far more than those with oth­er col­oured flesh. If, with all the aids of art, these slight dif­fer­ences make a great dif­fer­ence in cul­tiv­at­ing the sev­er­al vari­et­ies, as­suredly, in a state of nature, where the trees would have to struggle with oth­er trees and with a host of en­emies, such dif­fer­ences would ef­fec­tu­ally settle which vari­ety, wheth­er a smooth or downy, a yel­low or a purple-fleshed fruit, should suc­ceed.

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

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

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

			It may be well here to re­mark that with all be­ings there must be much for­tu­it­ous de­struc­tion, which can have little or no in­flu­ence on the course of nat­ur­al se­lec­tion. For in­stance, a vast num­ber of eggs or seeds are an­nu­ally de­voured, and these could be mod­i­fied through nat­ur­al se­lec­tion only if they var­ied in some man­ner which pro­tec­ted them from their en­emies. Yet many of these eggs or seeds would per­haps, if not des­troyed, have yiel­ded in­di­vidu­als bet­ter ad­ap­ted to their con­di­tions of life than any of those which happened to sur­vive. So again a vast num­ber of ma­ture an­im­als and plants, wheth­er or not they be the best ad­ap­ted to their con­di­tions, must be an­nu­ally des­troyed by ac­ci­dent­al causes, which would not be in the least de­gree mit­ig­ated by cer­tain changes of struc­ture or con­sti­tu­tion which would in oth­er ways be be­ne­fi­cial to the spe­cies. But let the de­struc­tion of the adults be ever so heavy, if the num­ber which can ex­ist in any dis­trict be not wholly kept down by such causes—or again let the de­struc­tion of eggs or seeds be so great that only a hun­dredth or a thou­sandth part are de­veloped—yet of those which do sur­vive, the best ad­ap­ted in­di­vidu­als, sup­pos­ing that there is any vari­ab­il­ity in a fa­vour­able dir­ec­tion, will tend to propag­ate their kind in lar­ger num­bers than the less well ad­ap­ted. If the num­bers be wholly kept down by the causes just in­dic­ated, as will of­ten have been the case, nat­ur­al se­lec­tion will be power­less in cer­tain be­ne­fi­cial dir­ec­tions; but this is no val­id ob­jec­tion to its ef­fi­ciency at oth­er times and in oth­er ways; for we are far from hav­ing any reas­on to sup­pose that many spe­cies ever un­der­go modi­fic­a­tion and im­prove­ment at the same time in the same area.

			
				Sexual Selection

				Inas­much as pe­cu­li­ar­it­ies of­ten ap­pear un­der do­mest­ic­a­tion in one sex and be­come hered­it­ar­ily at­tached to that sex, so no doubt it will be un­der nature. Thus it is rendered pos­sible for the two sexes to be mod­i­fied through nat­ur­al se­lec­tion in re­la­tion to dif­fer­ent habits of life, as is some­times the case; or for one sex to be mod­i­fied in re­la­tion to the oth­er sex, as com­monly oc­curs. This leads me to say a few words on what I have called sexu­al se­lec­tion. This form of se­lec­tion de­pends, not on a struggle for ex­ist­ence in re­la­tion to oth­er or­gan­ic be­ings or to ex­tern­al con­di­tions, but on a struggle between the in­di­vidu­als of one sex, gen­er­ally the males, for the pos­ses­sion of the oth­er sex. The res­ult is not death to the un­suc­cess­ful com­pet­it­or, but few or no off­spring. Sexu­al se­lec­tion is, there­fore, less rig­or­ous than nat­ur­al se­lec­tion. Gen­er­ally, the most vig­or­ous males, those which are best fit­ted for their places in nature, will leave most pro­geny. But in many cases vic­tory de­pends not so much on gen­er­al vigour, but on hav­ing spe­cial weapons, con­fined to the male sex. A horn­less stag or spur­less cock would have a poor chance of leav­ing nu­mer­ous off­spring. Sexu­al se­lec­tion, by al­ways al­low­ing the vic­tor to breed, might surely give in­dom­it­able cour­age, length of spur, and strength to the wing to strike in the spurred leg, in nearly the same man­ner as does the bru­tal cock­fight­er by the care­ful se­lec­tion of his best cocks. How low in the scale of nature the law of battle des­cends I know not; male al­ligators have been de­scribed as fight­ing, bel­low­ing, and whirl­ing round, like In­di­ans in a war-dance, for the pos­ses­sion of the fe­males; male sal­mons have been ob­served fight­ing all day long; male stag-beetles some­times bear wounds from the huge mand­ibles of oth­er males; the males of cer­tain hy­men­op­ter­ous in­sects have been fre­quently seen by that in­im­it­able ob­serv­er M. Fabre, fight­ing for a par­tic­u­lar fe­male who sits by, an ap­par­ently un­con­cerned be­hold­er of the struggle, and then re­tires with the con­quer­or. The war is, per­haps, severest between the males of poly­gam­ous an­im­als, and these seem of­ten­est provided with spe­cial weapons. The males of car­ni­vor­ous an­im­als are already well armed; though to them and to oth­ers, spe­cial means of de­fence may be giv­en through means of sexu­al se­lec­tion, as the mane of the li­on, and the hooked jaw to the male sal­mon; for the shield may be as im­port­ant for vic­tory as the sword or spear.

				Among birds, the con­test is of­ten of a more peace­ful char­ac­ter. All those who have at­ten­ded to the sub­ject, be­lieve that there is the severest rivalry between the males of many spe­cies to at­tract, by singing, the fe­males. The rock-thrush of Guiana, birds of para­dise, and some oth­ers, con­greg­ate, and suc­cess­ive males dis­play with the most elab­or­ate care, and show off in the best man­ner, their gor­geous plumage; they like­wise per­form strange antics be­fore the fe­males, which, stand­ing by as spec­tat­ors, at last choose the most at­tract­ive part­ner. Those who have closely at­ten­ded to birds in con­fine­ment well know that they of­ten take in­di­vidu­al pref­er­ences and dis­likes: thus Sir R. Her­on has de­scribed how a pied pea­cock was em­in­ently at­tract­ive to all his hen birds. I can­not here enter on the ne­ces­sary de­tails; but if man can in a short time give beauty and an el­eg­ant car­riage to his ban­tams, ac­cord­ing to his stand­ard of beauty, I can see no good reas­on to doubt that fe­male birds, by se­lect­ing, dur­ing thou­sands of gen­er­a­tions, the most me­lodi­ous or beau­ti­ful males, ac­cord­ing to their stand­ard of beauty, might pro­duce a marked ef­fect. Some well-known laws, with re­spect to the plumage of male and fe­male birds, in com­par­is­on with the plumage of the young, can partly be ex­plained through the ac­tion of sexu­al se­lec­tion on vari­ations oc­cur­ring at dif­fer­ent ages, and trans­mit­ted to the males alone or to both sexes at cor­res­pond­ing ages; but I have not space here to enter on this sub­ject.

				Thus it is, as I be­lieve, that when the males and fe­males of any an­im­al have the same gen­er­al habits of life, but dif­fer in struc­ture, col­our, or or­na­ment, such dif­fer­ences have been mainly caused by sexu­al se­lec­tion: that is, by in­di­vidu­al males hav­ing had, in suc­cess­ive gen­er­a­tions, some slight ad­vant­age over oth­er males, in their weapons, means of de­fence, or charms; which they have trans­mit­ted to their male off­spring alone. Yet, I would not wish to at­trib­ute all sexu­al dif­fer­ences to this agency: for we see in our do­mest­ic an­im­als pe­cu­li­ar­it­ies arising and be­com­ing at­tached to the male sex, which ap­par­ently have not been aug­men­ted through se­lec­tion by man. The tuft of hair on the breast of the wild tur­key-cock can­not be of any use, and it is doubt­ful wheth­er it can be or­na­ment­al in the eyes of the fe­male bird; in­deed, had the tuft ap­peared un­der do­mest­ic­a­tion it would have been called a mon­stros­ity.

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

				In or­der to make it clear how, as I be­lieve, nat­ur­al se­lec­tion acts, I must beg per­mis­sion to give one or two ima­gin­ary il­lus­tra­tions. Let us take the case of a wolf, which preys on vari­ous an­im­als, se­cur­ing some by craft, some by strength, and some by fleet­ness; and let us sup­pose that the fleetest prey, a deer for in­stance, had from any change in the coun­try in­creased in num­bers, or that oth­er prey had de­creased in num­bers, dur­ing that sea­son of the year when the wolf was hard­est pressed for food. Un­der such cir­cum­stances the swift­est and slim­mest wolves have the best chance of sur­viv­ing, and so be pre­served or se­lec­ted, provided al­ways that they re­tained strength to mas­ter their prey at this or some oth­er peri­od of the year, when they were com­pelled to prey on oth­er an­im­als. I can see no more reas­on to doubt that this would be the res­ult, than that man should be able to im­prove the fleet­ness of his grey­hounds by care­ful and meth­od­ic­al se­lec­tion, or by that kind of un­con­scious se­lec­tion which fol­lows from each man try­ing to keep the best dogs without any thought of modi­fy­ing the breed.

				Even without any change in the pro­por­tion­al num­bers of the an­im­als on which our wolf preyed, a cub might be born with an in­nate tend­ency to pur­sue cer­tain kinds of prey. Nor can this be thought very im­prob­able; for we of­ten ob­serve great dif­fer­ences in the nat­ur­al tend­en­cies of our do­mest­ic an­im­als; one cat, for in­stance, tak­ing to catch rats, an­oth­er mice; one cat, ac­cord­ing to Mr. St. John, bring­ing home winged game, an­oth­er hares or rab­bits, and an­oth­er hunt­ing on marshy ground and al­most nightly catch­ing wood­cocks or snipes. The tend­ency to catch rats rather than mice is known to be in­her­ited. Now, if any slight in­nate change of habit or of struc­ture be­nefited an in­di­vidu­al wolf, it would have the best chance of sur­viv­ing and of leav­ing off­spring. Some of its young would prob­ably in­her­it the same habits or struc­ture, and by the re­pe­ti­tion of this pro­cess, a new vari­ety might be formed which would either sup­plant or co­ex­ist with the par­ent-form of wolf. Or, again, the wolves in­hab­it­ing a moun­tain­ous dis­trict, and those fre­quent­ing the low­lands, would nat­ur­ally be forced to hunt dif­fer­ent prey; and from the con­tin­ued pre­ser­va­tion of the in­di­vidu­als best fit­ted for the two sites, two vari­et­ies might slowly be formed. These vari­et­ies would cross and blend where they met; but to this sub­ject of in­ter­cross­ing we shall soon have to re­turn. I may add, that, ac­cord­ing to Mr. Pierce, there are two vari­et­ies of the wolf in­hab­it­ing the Cat­skill Moun­tains in the United States, one with a light grey­hound-like form, which pur­sues deer, and the oth­er more bulky, with short­er legs, which more fre­quently at­tacks the shep­herd’s flocks.

				It should be ob­served that in the above il­lus­tra­tion, I speak of the slim­mest in­di­vidu­al wolves, and not of any single strongly marked vari­ation hav­ing been pre­served. In former edi­tions of this work I some­times spoke as if this lat­ter al­tern­at­ive had fre­quently oc­curred. I saw the great im­port­ance of in­di­vidu­al dif­fer­ences, and this led me fully to dis­cuss the res­ults of un­con­scious se­lec­tion by man, which de­pends on the pre­ser­va­tion of all the more or less valu­able in­di­vidu­als, and on the de­struc­tion of the worst. I saw, also, that the pre­ser­va­tion in a state of nature of any oc­ca­sion­al de­vi­ation of struc­ture, such as a mon­stros­ity, would be a rare event; and that, if at first pre­served, it would gen­er­ally be lost by sub­sequent in­ter­cross­ing with or­din­ary in­di­vidu­als. Nev­er­the­less, un­til read­ing an able and valu­able art­icle in the North Brit­ish Re­view (1867), I did not ap­pre­ci­ate how rarely single vari­ations, wheth­er slight or strongly marked, could be per­petu­ated. The au­thor takes the case of a pair of an­im­als, pro­du­cing dur­ing their life­time two hun­dred off­spring, of which, from vari­ous causes of de­struc­tion, only two on an av­er­age sur­vive to pro­cre­ate their kind. This is rather an ex­treme es­tim­ate for most of the high­er an­im­als, but by no means so for many of the lower or­gan­isms. He then shows that if a single in­di­vidu­al were born, which var­ied in some man­ner, giv­ing it twice as good a chance of life as that of the oth­er in­di­vidu­als, yet the chances would be strongly against its sur­viv­al. Sup­pos­ing it to sur­vive and to breed, and that half its young in­her­ited the fa­vour­able vari­ation; still, as the Re­view­er goes onto show, the young would have only a slightly bet­ter chance of sur­viv­ing and breed­ing; and this chance would go on de­creas­ing in the suc­ceed­ing gen­er­a­tions. The justice of these re­marks can­not, I think, be dis­puted. If, for in­stance, a bird of some kind could pro­cure its food more eas­ily by hav­ing its beak curved, and if one were born with its beak strongly curved, and which con­sequently flour­ished, nev­er­the­less there would be a very poor chance of this one in­di­vidu­al per­petu­at­ing its kind to the ex­clu­sion of the com­mon form; but there can hardly be a doubt, judging by what we see tak­ing place un­der do­mest­ic­a­tion, that this res­ult would fol­low from the pre­ser­va­tion dur­ing many gen­er­a­tions of a large num­ber of in­di­vidu­als with more or less strongly curved beaks, and from the de­struc­tion of a still lar­ger num­ber with the straight­est beaks.

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

				To the ef­fects of in­ter­cross­ing in elim­in­at­ing vari­ations of all kinds, I shall have to re­cur; but it may be here re­marked that most an­im­als and plants keep to their prop­er homes, and do not need­lessly wander about; we see this even with mi­grat­ory birds, which al­most al­ways re­turn to the same spot. Con­sequently each newly-formed vari­ety would gen­er­ally be at first loc­al, as seems to be the com­mon rule with vari­et­ies in a state of nature; so that sim­il­arly mod­i­fied in­di­vidu­als would soon ex­ist in a small body to­geth­er, and would of­ten breed to­geth­er. If the new vari­ety were suc­cess­ful in its battle for life, it would slowly spread from a cent­ral dis­trict, com­pet­ing with and con­quer­ing the un­changed in­di­vidu­als on the mar­gins of an ever-in­creas­ing circle.

				It may be worth while to give an­oth­er and more com­plex il­lus­tra­tion of the ac­tion of nat­ur­al se­lec­tion. Cer­tain plants ex­crete sweet juice, ap­par­ently for the sake of elim­in­at­ing some­thing in­jur­i­ous from the sap: this is ef­fected, for in­stance, by glands at the base of the stip­ules in some Legumino­sae, and at the backs of the leaves of the com­mon laurel. This juice, though small in quant­ity, is greed­ily sought by in­sects; but their vis­its do not in any way be­ne­fit the plant. Now, let us sup­pose that the juice or nec­tar was ex­creted from the in­side of the flowers of a cer­tain num­ber of plants of any spe­cies. In­sects in seek­ing the nec­tar would get dus­ted with pol­len, and would of­ten trans­port it from one flower to an­oth­er. The flowers of two dis­tinct in­di­vidu­als of the same spe­cies would thus get crossed; and the act of cross­ing, as can be fully proved, gives rise to vig­or­ous seed­lings, which con­sequently would have the best chance of flour­ish­ing and sur­viv­ing. The plants which pro­duced flowers with the largest glands or nec­tar­ies, ex­cret­ing most nec­tar, would of­ten­est be vis­ited by in­sects, and would of­ten­est be crossed; and so in the long-run would gain the up­per hand and form a loc­al vari­ety. The flowers, also, which had their sta­mens and pis­tils placed, in re­la­tion to the size and habits of the par­tic­u­lar in­sect which vis­ited them, so as to fa­vour in any de­gree the trans­portal of the pol­len, would like­wise be fa­voured. We might have taken the case of in­sects vis­it­ing flowers for the sake of col­lect­ing pol­len in­stead of nec­tar; and as pol­len is formed for the sole pur­pose of fer­til­isa­tion, its de­struc­tion ap­pears to be a simple loss to the plant; yet if a little pol­len were car­ried, at first oc­ca­sion­ally and then ha­bitu­ally, by the pol­len-de­vour­ing in­sects from flower to flower, and a cross thus ef­fected, al­though nine-tenths of the pol­len were des­troyed it might still be a great gain to the plant to be thus robbed; and the in­di­vidu­als which pro­duced more and more pol­len, and had lar­ger an­thers, would be se­lec­ted.

				When our plant, by the above pro­cess long con­tin­ued, had been rendered highly at­tract­ive to in­sects, they would, un­in­ten­tion­ally on their part, reg­u­larly carry pol­len from flower to flower; and that they do this ef­fec­tu­ally I could eas­ily show by many strik­ing facts. I will give only one, as like­wise il­lus­trat­ing one step in the sep­ar­a­tion of the sexes of plants. Some holly-trees bear only male flowers, which have four sta­mens pro­du­cing a rather small quant­ity of pol­len, and a rudi­ment­ary pis­til; oth­er holly-trees bear only fe­male flowers; these have a full-sized pis­til, and four sta­mens with shriv­elled an­thers, in which not a grain of pol­len can be de­tec­ted. Hav­ing found a fe­male tree ex­actly sixty yards from a male tree, I put the stig­mas of twenty flowers, taken from dif­fer­ent branches, un­der the mi­cro­scope, and on all, without ex­cep­tion, there were a few pol­len-grains, and on some a pro­fu­sion. As the wind had set for sev­er­al days from the fe­male to the male tree, the pol­len could not thus have been car­ried. The weath­er had been cold and bois­ter­ous and there­fore not fa­vour­able to bees, nev­er­the­less every fe­male flower which I ex­amined had been ef­fec­tu­ally fer­til­ised by the bees, which had flown from tree to tree in search of nec­tar. But to re­turn to our ima­gin­ary case; as soon as the plant had been rendered so highly at­tract­ive to in­sects that pol­len was reg­u­larly car­ried from flower to flower, an­oth­er pro­cess might com­mence. No nat­ur­al­ist doubts the ad­vant­age of what has been called the “physiolo­gic­al di­vi­sion of la­bour;” hence we may be­lieve that it would be ad­vant­age­ous to a plant to pro­duce sta­mens alone in one flower or on one whole plant, and pis­tils alone in an­oth­er flower or on an­oth­er plant. In plants un­der cul­ture and placed un­der new con­di­tions of life, some­times the male or­gans and some­times the fe­male or­gans be­come more or less im­pot­ent; now if we sup­pose this to oc­cur in ever so slight a de­gree un­der nature, then, as pol­len is already car­ried reg­u­larly from flower to flower, and as a more com­plete sep­ar­a­tion of the sexes of our plant would be ad­vant­age­ous on the prin­ciple of the di­vi­sion of la­bour, in­di­vidu­als with this tend­ency more and more in­creased, would be con­tinu­ally fa­voured or se­lec­ted, un­til at last a com­plete sep­ar­a­tion of the sexes might be ef­fected. It would take up too much space to show the vari­ous steps, through di­morph­ism and oth­er means, by which the sep­ar­a­tion of the sexes in plants of vari­ous kinds is ap­par­ently now in pro­gress; but I may add that some of the spe­cies of holly in North Amer­ica are, ac­cord­ing to Asa Gray, in an ex­actly in­ter­me­di­ate con­di­tion, or, as he ex­presses it, are more or less di­oeciously poly­gam­ous.

				Let us now turn to the nec­tar-feed­ing in­sects; we may sup­pose the plant of which we have been slowly in­creas­ing the nec­tar by con­tin­ued se­lec­tion, to be a com­mon plant; and that cer­tain in­sects de­pended in main part on its nec­tar for food. I could give many facts show­ing how anxious bees are to save time: for in­stance, their habit of cut­ting holes and suck­ing the nec­tar at the bases of cer­tain flowers, which with a very little more trouble they can enter by the mouth. Bear­ing such facts in mind, it may be be­lieved that un­der cer­tain cir­cum­stances in­di­vidu­al dif­fer­ences in the curvature or length of the pro­bos­cis, etc., too slight to be ap­pre­ci­ated by us, might profit a bee or oth­er in­sect, so that cer­tain in­di­vidu­als would be able to ob­tain their food more quickly than oth­ers; and thus the com­munit­ies to which they be­longed would flour­ish and throw off many swarms in­her­it­ing the same pe­cu­li­ar­it­ies. The tubes of the co­rolla of the com­mon red or in­carn­ate clovers (Tri­fo­li­um pratense and in­carn­atum) do not on a hasty glance ap­pear to dif­fer in length; yet the hive-bee can eas­ily suck the nec­tar out of the in­carn­ate clover, but not out of the com­mon red clover, which is vis­ited by humble­bees alone; so that whole fields of the red clover of­fer in vain an abund­ant sup­ply of pre­cious nec­tar to the hive-bee. That this nec­tar is much liked by the hive-bee is cer­tain; for I have re­peatedly seen, but only in the au­tumn, many hive-bees suck­ing the flowers through holes bit­ten in the base of the tube by humble­bees. The dif­fer­ence in the length of the co­rolla in the two kinds of clover, which de­term­ines the vis­its of the hive-bee, must be very tri­fling; for I have been as­sured that when red clover has been mown, the flowers of the second crop are some­what smal­ler, and that these are vis­ited by many hive-bees. I do not know wheth­er this state­ment is ac­cur­ate; nor wheth­er an­oth­er pub­lished state­ment can be trus­ted, namely, that the Lig­uri­an bee, which is gen­er­ally con­sidered a mere vari­ety of the com­mon hive-bee, and which freely crosses with it, is able to reach and suck the nec­tar of the red clover. Thus, in a coun­try where this kind of clover aboun­ded, it might be a great ad­vant­age to the hive-bee to have a slightly longer or dif­fer­ently con­struc­ted pro­bos­cis. On the oth­er hand, as the fer­til­ity of this clover ab­so­lutely de­pends on bees vis­it­ing the flowers, if humble­bees were to be­come rare in any coun­try, it might be a great ad­vant­age to the plant to have a short­er or more deeply di­vided co­rolla, so that the hive-bees should be en­abled to suck its flowers. Thus I can un­der­stand how a flower and a bee might slowly be­come, either sim­ul­tan­eously or one after the oth­er, mod­i­fied and ad­ap­ted to each oth­er in the most per­fect man­ner, by the con­tin­ued pre­ser­va­tion of all the in­di­vidu­als which presen­ted slight de­vi­ations of struc­ture mu­tu­ally fa­vour­able to each oth­er.

				I am well aware that this doc­trine of nat­ur­al se­lec­tion, ex­em­pli­fied in the above ima­gin­ary in­stances, is open to the same ob­jec­tions which were first urged against Sir Charles Lyell’s noble views on “the mod­ern changes of the earth, as il­lus­trat­ive of geo­logy;” but we now sel­dom hear the agen­cies which we see still at work, spoken of as tri­fling and in­sig­ni­fic­ant, when used in ex­plain­ing the ex­cav­a­tion of the deep­est val­leys or the form­a­tion of long lines of in­land cliffs. Nat­ur­al se­lec­tion acts only by the pre­ser­va­tion and ac­cu­mu­la­tion of small in­her­ited modi­fic­a­tions, each prof­it­able to the pre­served be­ing; and as mod­ern geo­logy has al­most ban­ished such views as the ex­cav­a­tion of a great val­ley by a single di­lu­vi­al wave, so will nat­ur­al se­lec­tion ban­ish the be­lief of the con­tin­ued cre­ation of new or­gan­ic be­ings, or of any great and sud­den modi­fic­a­tion in their struc­ture.

			
			
				On the Intercrossing of Individuals

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

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

				On the be­lief that this is a law of nature, we can, I think, un­der­stand sev­er­al large classes of facts, such as the fol­low­ing, which on any oth­er view are in­ex­plic­able. Every hy­brid­izer knows how un­fa­vour­able ex­pos­ure to wet is to the fer­til­isa­tion of a flower, yet what a mul­ti­tude of flowers have their an­thers and stig­mas fully ex­posed to the weath­er! If an oc­ca­sion­al cross be in­dis­pens­able, not­with­stand­ing that the plant’s own an­thers and pis­til stand so near each oth­er as al­most to en­sure self-fer­til­isa­tion, the fullest free­dom for the en­trance of pol­len from an­oth­er in­di­vidu­al will ex­plain the above state of ex­pos­ure of the or­gans. Many flowers, on the oth­er hand, have their or­gans of fructi­fic­a­tion closely en­closed, as in the great papilion­aceous or pea-fam­ily; but these al­most in­vari­ably present beau­ti­ful and curi­ous ad­apt­a­tions in re­la­tion to the vis­its of in­sects. So ne­ces­sary are the vis­its of bees to many papilion­aceous flowers, that their fer­til­ity is greatly di­min­ished if these vis­its be pre­ven­ted. Now, it is scarcely pos­sible for in­sects to fly from flower to flower, and not to carry pol­len from one to the oth­er, to the great good of the plant. In­sects act like a camel­hair pen­cil, and it is suf­fi­cient, to en­sure fer­til­isa­tion, just to touch with the same brush the an­thers of one flower and then the stigma of an­oth­er; but it must not be sup­posed that bees would thus pro­duce a mul­ti­tude of hy­brids between dis­tinct spe­cies; for if a plant’s own pol­len and that from an­oth­er spe­cies are placed on the same stigma, the former is so pre­po­tent that it in­vari­ably and com­pletely des­troys, as has been shown by Gart­ner, the in­flu­ence of the for­eign pol­len.

				When the sta­mens of a flower sud­denly spring to­wards the pis­til, or slowly move one after the oth­er to­wards it, the con­triv­ance seems ad­ap­ted solely to en­sure self-fer­til­isa­tion; and no doubt it is use­ful for this end: but the agency of in­sects is of­ten re­quired to cause the sta­mens to spring for­ward, as Kolreu­ter has shown to be the case with the bar­berry; and in this very genus, which seems to have a spe­cial con­triv­ance for self-fer­til­isa­tion, it is well known that, if closely-al­lied forms or vari­et­ies are planted near each oth­er, it is hardly pos­sible to raise pure seed­lings, so largely do they nat­ur­ally cross. In nu­mer­ous oth­er cases, far from self-fer­til­isa­tion be­ing fa­voured, there are spe­cial con­triv­ances which ef­fec­tu­ally pre­vent the stigma re­ceiv­ing pol­len from its own flower, as I could show from the works of Spren­gel and oth­ers, as well as from my own ob­ser­va­tions: for in­stance, in Lo­belia ful­gens, there is a really beau­ti­ful and elab­or­ate con­triv­ance by which all the in­fin­itely nu­mer­ous pol­len-gran­ules are swept out of the con­joined an­thers of each flower, be­fore the stigma of that in­di­vidu­al flower is ready to re­ceive them; and as this flower is nev­er vis­ited, at least in my garden, by in­sects, it nev­er sets a seed, though by pla­cing pol­len from one flower on the stigma of an­oth­er, I raise plenty of seed­lings. An­oth­er spe­cies of Lo­belia, which is vis­ited by bees, seeds freely in my garden. In very many oth­er cases, though there is no spe­cial mech­an­ic­al con­triv­ance to pre­vent the stigma re­ceiv­ing pol­len from the same flower, yet, as Spren­gel, and more re­cently Hildebrand and oth­ers have shown, and as I can con­firm, either the an­thers burst be­fore the stigma is ready for fer­til­isa­tion, or the stigma is ready be­fore the pol­len of that flower is ready, so that these so-named di­cho­gam­ous plants have in fact sep­ar­ated sexes, and must ha­bitu­ally be crossed. So it is with the re­cip­roc­ally di­morph­ic and tri­morph­ic plants pre­vi­ously al­luded to. How strange are these facts! How strange that the pol­len and stig­mat­ic sur­face of the same flower, though placed so close to­geth­er, as if for the very pur­pose of self-fer­til­isa­tion, should be in so many cases mu­tu­ally use­less to each oth­er! How simply are these facts ex­plained on the view of an oc­ca­sion­al cross with a dis­tinct in­di­vidu­al be­ing ad­vant­age­ous or in­dis­pens­able!

				If sev­er­al vari­et­ies of the cab­bage, radish, onion, and of some oth­er plants, be al­lowed to seed near each oth­er, a large ma­jor­ity of the seed­lings thus raised turn out, as I found, mon­grels: for in­stance, I raised 233 seed­ling cab­bages from some plants of dif­fer­ent vari­et­ies grow­ing near each oth­er, and of these only 78 were true to their kind, and some even of these were not per­fectly true. Yet the pis­til of each cab­bage-flower is sur­roun­ded not only by its own six sta­mens but by those of the many oth­er flowers on the same plant; and the pol­len of each flower read­ily gets on its stigma without in­sect agency; for I have found that plants care­fully pro­tec­ted from in­sects pro­duce the full num­ber of pods. How, then, comes it that such a vast num­ber of the seed­lings are mon­grel­ized? It must arise from the pol­len of a dis­tinct vari­ety hav­ing a pre­po­tent ef­fect over the flower’s own pol­len; and that this is part of the gen­er­al law of good be­ing de­rived from the in­ter­cross­ing of dis­tinct in­di­vidu­als of the same spe­cies. When dis­tinct spe­cies are crossed the case is re­versed, for a plant’s own pol­len is al­ways pre­po­tent over for­eign pol­len; but to this sub­ject we shall re­turn in a fu­ture chapter.

				In the case of a large tree covered with in­nu­mer­able flowers, it may be ob­jec­ted that pol­len could sel­dom be car­ried from tree to tree, and at most only from flower to flower on the same tree; and flowers on the same tree can be con­sidered as dis­tinct in­di­vidu­als only in a lim­ited sense. I be­lieve this ob­jec­tion to be val­id, but that nature has largely provided against it by giv­ing to trees a strong tend­ency to bear flowers with sep­ar­ated sexes. When the sexes are sep­ar­ated, al­though the male and fe­male flowers may be pro­duced on the same tree, pol­len must be reg­u­larly car­ried from flower to flower; and this will give a bet­ter chance of pol­len be­ing oc­ca­sion­ally car­ried from tree to tree. That trees be­long­ing to all or­ders have their sexes more of­ten sep­ar­ated than oth­er plants, I find to be the case in this coun­try; and at my re­quest Dr. Hook­er tab­u­lated the trees of New Zea­l­and, and Dr. Asa Gray those of the United States, and the res­ult was as I an­ti­cip­ated. On the oth­er hand, Dr. Hook­er in­forms me that the rule does not hold good in Aus­tralia: but if most of the Aus­trali­an trees are di­cho­gam­ous, the same res­ult would fol­low as if they bore flowers with sep­ar­ated sexes. I have made these few re­marks on trees simply to call at­ten­tion to the sub­ject.

				Turn­ing for a brief space to an­im­als: vari­ous ter­restri­al spe­cies are herm­aph­rod­ites, such as the land-mol­lusca and earth­worms; but these all pair. As yet I have not found a single ter­restri­al an­im­al which can fer­til­ise it­self. This re­mark­able fact, which of­fers so strong a con­trast with ter­restri­al plants, is in­tel­li­gible on the view of an oc­ca­sion­al cross be­ing in­dis­pens­able; for ow­ing to the nature of the fer­til­ising ele­ment there are no means, ana­log­ous to the ac­tion of in­sects and of the wind with plants, by which an oc­ca­sion­al cross could be ef­fected with ter­restri­al an­im­als without the con­cur­rence of two in­di­vidu­als. Of aquat­ic an­im­als, there are many self-fer­til­ising herm­aph­rod­ites; but here the cur­rents of wa­ter of­fer an ob­vi­ous means for an oc­ca­sion­al cross. As in the case of flowers, I have as yet failed, after con­sulta­tion with one of the highest au­thor­it­ies, namely, Pro­fess­or Hux­ley, to dis­cov­er a single herm­aph­rod­ite an­im­al with the or­gans of re­pro­duc­tion so per­fectly en­closed that ac­cess from without, and the oc­ca­sion­al in­flu­ence of a dis­tinct in­di­vidu­al, can be shown to be phys­ic­ally im­possible. Cir­ri­pedes long ap­peared to me to present, un­der this point of view, a case of great dif­fi­culty; but I have been en­abled, by a for­tu­nate chance, to prove that two in­di­vidu­als, though both are self-fer­til­ising herm­aph­rod­ites, do some­times cross.

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

				From these sev­er­al con­sid­er­a­tions and from the many spe­cial facts which I have col­lec­ted, but which I am un­able here to give, it ap­pears that with an­im­als and plants an oc­ca­sion­al in­ter­cross between dis­tinct in­di­vidu­als is a very gen­er­al, if not uni­ver­sal, law of nature.

			
			
				Circumstances Favourable for the Production of New Forms Through Natural Selection

				This is an ex­tremely in­tric­ate sub­ject. A great amount of vari­ab­il­ity, un­der which term in­di­vidu­al dif­fer­ences are al­ways in­cluded, will evid­ently be fa­vour­able. A large num­ber of in­di­vidu­als, by giv­ing a bet­ter chance with­in any giv­en peri­od for the ap­pear­ance of prof­it­able vari­ations, will com­pensate for a less­er amount of vari­ab­il­ity in each in­di­vidu­al, and is, I be­lieve, a highly im­port­ant ele­ment of suc­cess. Though nature grants long peri­ods of time for the work of nat­ur­al se­lec­tion, she does not grant an in­def­in­ite peri­od; for as all or­gan­ic be­ings are striv­ing to seize on each place in the eco­nomy of nature, if any one spe­cies does not be­come mod­i­fied and im­proved in a cor­res­pond­ing de­gree with its com­pet­it­ors it will be ex­term­in­ated. Un­less fa­vour­able vari­ations be in­her­ited by some at least of the off­spring, noth­ing can be ef­fected by nat­ur­al se­lec­tion. The tend­ency to re­ver­sion may of­ten check or pre­vent the work; but as this tend­ency has not pre­ven­ted man from form­ing by se­lec­tion nu­mer­ous do­mest­ic races, why should it pre­vail against nat­ur­al se­lec­tion?

				In the case of meth­od­ic­al se­lec­tion, a breed­er se­lects for some def­in­ite ob­ject, and if the in­di­vidu­als be al­lowed freely to in­ter­cross, his work will com­pletely fail. But when many men, without in­tend­ing to al­ter the breed, have a nearly com­mon stand­ard of per­fec­tion, and all try to pro­cure and breed from the best an­im­als, im­prove­ment surely but slowly fol­lows from this un­con­scious pro­cess of se­lec­tion, not­with­stand­ing that there is no sep­ar­a­tion of se­lec­ted in­di­vidu­als. Thus it will be un­der nature; for with­in a con­fined area, with some place in the nat­ur­al polity not per­fectly oc­cu­pied, all the in­di­vidu­als vary­ing in the right dir­ec­tion, though in dif­fer­ent de­grees, will tend to be pre­served. But if the area be large, its sev­er­al dis­tricts will al­most cer­tainly present dif­fer­ent con­di­tions of life; and then, if the same spe­cies un­der­goes modi­fic­a­tion in dif­fer­ent dis­tricts, the newly formed vari­et­ies will in­ter­cross on the con­fines of each. But we shall see in the sixth chapter that in­ter­me­di­ate vari­et­ies, in­hab­it­ing in­ter­me­di­ate dis­tricts, will in the long run gen­er­ally be sup­planted by one of the ad­join­ing vari­et­ies. In­ter­cross­ing will chiefly af­fect those an­im­als which unite for each birth and wander much, and which do not breed at a very quick rate. Hence with an­im­als of this nature, for in­stance birds, vari­et­ies will gen­er­ally be con­fined to sep­ar­ated coun­tries; and this I find to be the case. With herm­aph­rod­ite or­gan­isms which cross only oc­ca­sion­ally, and like­wise with an­im­als which unite for each birth, but which wander little and can in­crease at a rap­id rate, a new and im­proved vari­ety might be quickly formed on any one spot, and might there main­tain it­self in a body and af­ter­ward spread, so that the in­di­vidu­als of the new vari­ety would chiefly cross to­geth­er. On this prin­ciple nurs­ery­men al­ways prefer sav­ing seed from a large body of plants, as the chance of in­ter­cross­ing is thus lessened.

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

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

				Isol­a­tion also is an im­port­ant ele­ment in the modi­fic­a­tion of spe­cies through nat­ur­al se­lec­tion. In a con­fined or isol­ated area, if not very large, the or­gan­ic and in­or­gan­ic con­di­tions of life will gen­er­ally be al­most uni­form; so that nat­ur­al se­lec­tion will tend to modi­fy all the vary­ing in­di­vidu­als of the same spe­cies in the same man­ner. In­ter­cross­ing with the in­hab­it­ants of the sur­round­ing dis­tricts, will also be thus pre­ven­ted. Mor­itz Wag­n­er has lately pub­lished an in­ter­est­ing es­say on this sub­ject, and has shown that the ser­vice rendered by isol­a­tion in pre­vent­ing crosses between newly-formed vari­et­ies is prob­ably great­er even than I sup­posed. But from reas­ons already as­signed I can by no means agree with this nat­ur­al­ist, that mi­gra­tion and isol­a­tion are ne­ces­sary ele­ments for the form­a­tion of new spe­cies. The im­port­ance of isol­a­tion is like­wise great in pre­vent­ing, after any phys­ic­al change in the con­di­tions, such as of cli­mate, el­ev­a­tion of the land, etc., the im­mig­ra­tion of bet­ter ad­ap­ted or­gan­isms; and thus new places in the nat­ur­al eco­nomy of the dis­trict will be left open to be filled up by the modi­fic­a­tion of the old in­hab­it­ants. Lastly, isol­a­tion will give time for a new vari­ety to be im­proved at a slow rate; and this may some­times be of much im­port­ance. If, how­ever, an isol­ated area be very small, either from be­ing sur­roun­ded by bar­ri­ers, or from hav­ing very pe­cu­li­ar phys­ic­al con­di­tions, the total num­ber of the in­hab­it­ants will be small; and this will re­tard the pro­duc­tion of new spe­cies through nat­ur­al se­lec­tion, by de­creas­ing the chances of fa­vour­able vari­ations arising.

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

				If we turn to nature to test the truth of these re­marks, and look at any small isol­ated area, such as an ocean­ic is­land, al­though the num­ber of the spe­cies in­hab­it­ing it is small, as we shall see in our chapter on Geo­graph­ic­al Dis­tri­bu­tion; yet of these spe­cies a very large pro­por­tion are en­dem­ic—that is, have been pro­duced there and nowhere else in the world. Hence an ocean­ic is­land at first sight seems to have been highly fa­vour­able for the pro­duc­tion of new spe­cies. But we may thus de­ceive ourselves, for to as­cer­tain wheth­er a small isol­ated area, or a large open area like a con­tin­ent, has been most fa­vour­able for the pro­duc­tion of new or­gan­ic forms, we ought to make the com­par­is­on with­in equal times; and this we are in­cap­able of do­ing.

				Al­though isol­a­tion is of great im­port­ance in the pro­duc­tion of new spe­cies, on the whole I am in­clined to be­lieve that large­ness of area is still more im­port­ant, es­pe­cially for the pro­duc­tion of spe­cies which shall prove cap­able of en­dur­ing for a long peri­od, and of spread­ing widely. Through­out a great and open area, not only will there be a bet­ter chance of fa­vour­able vari­ations, arising from the large num­ber of in­di­vidu­als of the same spe­cies there sup­por­ted, but the con­di­tions of life are much more com­plex from the large num­ber of already ex­ist­ing spe­cies; and if some of these many spe­cies be­come mod­i­fied and im­proved, oth­ers will have to be im­proved in a cor­res­pond­ing de­gree, or they will be ex­term­in­ated. Each new form, also, as soon as it has been much im­proved, will be able to spread over the open and con­tinu­ous area, and will thus come in­to com­pet­i­tion with many oth­er forms. Moreover, great areas, though now con­tinu­ous, will of­ten, ow­ing to former os­cil­la­tions of level, have ex­is­ted in a broken con­di­tion, so that the good ef­fects of isol­a­tion will gen­er­ally, to a cer­tain ex­tent, have con­curred. Fi­nally, I con­clude that, al­though small isol­ated areas have been in some re­spects highly fa­vour­able for the pro­duc­tion of new spe­cies, yet that the course of modi­fic­a­tion will gen­er­ally have been more rap­id on large areas; and what is more im­port­ant, that the new forms pro­duced on large areas, which already have been vic­tori­ous over many com­pet­it­ors, will be those that will spread most widely, and will give rise to the greatest num­ber of new vari­et­ies and spe­cies. They will thus play a more im­port­ant part in the chan­ging his­tory of the or­gan­ic world.

				In ac­cord­ance with this view, we can, per­haps, un­der­stand some facts which will be again al­luded to in our chapter on Geo­graph­ic­al Dis­tri­bu­tion; for in­stance, the fact of the pro­duc­tions of the smal­ler con­tin­ent of Aus­tralia now yield­ing be­fore those of the lar­ger Euro­paeo-Asi­at­ic area. Thus, also, it is that con­tin­ent­al pro­duc­tions have every­where be­come so largely nat­ur­al­ised on is­lands. On a small is­land, the race for life will have been less severe, and there will have been less modi­fic­a­tion and less ex­term­in­a­tion. Hence, we can un­der­stand how it is that the flora of Madeira, ac­cord­ing to Os­wald Heer, re­sembles to a cer­tain ex­tent the ex­tinct ter­tiary flora of Europe. All fresh wa­ter basins, taken to­geth­er, make a small area com­pared with that of the sea or of the land. Con­sequently, the com­pet­i­tion between fresh wa­ter pro­duc­tions will have been less severe than else­where; new forms will have been more slowly pro­duced, and old forms more slowly ex­term­in­ated. And it is in fresh wa­ter basins that we find sev­en gen­era of Ganoid fishes, rem­nants of a once pre­pon­der­ant or­der: and in fresh wa­ter we find some of the most an­om­al­ous forms now known in the world, as the Or­ni­tho­rhynchus and Lepidosiren, which, like fossils, con­nect to a cer­tain ex­tent or­ders at present widely sep­ar­ated in the nat­ur­al scale. These an­om­al­ous forms may be called liv­ing fossils; they have en­dured to the present day, from hav­ing in­hab­ited a con­fined area, and from hav­ing been ex­posed to less var­ied, and there­fore less severe, com­pet­i­tion.

				To sum up, as far as the ex­treme in­tric­acy of the sub­ject per­mits, the cir­cum­stances fa­vour­able and un­fa­vour­able for the pro­duc­tion of new spe­cies through nat­ur­al se­lec­tion. I con­clude that for ter­restri­al pro­duc­tions a large con­tin­ent­al area, which has un­der­gone many os­cil­la­tions of level, will have been the most fa­vour­able for the pro­duc­tion of many new forms of life, fit­ted to en­dure for a long time and to spread widely. While the area ex­is­ted as a con­tin­ent the in­hab­it­ants will have been nu­mer­ous in in­di­vidu­als and kinds, and will have been sub­jec­ted to severe com­pet­i­tion. When con­ver­ted by sub­sid­ence in­to large sep­ar­ate is­lands there will still have ex­is­ted many in­di­vidu­als of the same spe­cies on each is­land: in­ter­cross­ing on the con­fines of the range of each new spe­cies will have been checked: after phys­ic­al changes of any kind im­mig­ra­tion will have been pre­ven­ted, so that new places in the polity of each is­land will have had to be filled up by the modi­fic­a­tion of the old in­hab­it­ants; and time will have been al­lowed for the vari­et­ies in each to be­come well mod­i­fied and per­fec­ted. When, by re­newed el­ev­a­tion, the is­lands were re­con­ver­ted in­to a con­tin­ent­al area, there will again have been very severe com­pet­i­tion; the most fa­voured or im­proved vari­et­ies will have been en­abled to spread; there will have been much ex­tinc­tion of the less im­proved forms, and the re­l­at­ive pro­por­tion­al num­bers of the vari­ous in­hab­it­ants of the re­united con­tin­ent will again have been changed; and again there will have been a fair field for nat­ur­al se­lec­tion to im­prove still fur­ther the in­hab­it­ants, and thus to pro­duce new spe­cies.

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

				Slow though the pro­cess of se­lec­tion may be, if feeble man can do much by ar­ti­fi­cial se­lec­tion, I can see no lim­it to the amount of change, to the beauty and com­plex­ity of the coad­apt­a­tions between all or­gan­ic be­ings, one with an­oth­er and with their phys­ic­al con­di­tions of life, which may have been ef­fected in the long course of time through nature’s power of se­lec­tion, that is by the sur­viv­al of the fit­test.

			
			
				Extinction Caused by Natural Selection

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

				We have seen that the spe­cies which are most nu­mer­ous in in­di­vidu­als have the best chance of pro­du­cing fa­vour­able vari­ations with­in any giv­en peri­od. We have evid­ence of this, in the facts stated in the second chapter, show­ing that it is the com­mon and dif­fused or dom­in­ant spe­cies which of­fer the greatest num­ber of re­cor­ded vari­et­ies. Hence, rare spe­cies will be less quickly mod­i­fied or im­proved with­in any giv­en peri­od; they will con­sequently be beaten in the race for life by the mod­i­fied and im­proved des­cend­ants of the com­mon­er spe­cies.

				From these sev­er­al con­sid­er­a­tions I think it in­ev­it­ably fol­lows, that as new spe­cies in the course of time are formed through nat­ur­al se­lec­tion, oth­ers will be­come rarer and rarer, and fi­nally ex­tinct. The forms which stand in closest com­pet­i­tion with those un­der­go­ing modi­fic­a­tion and im­prove­ment, will nat­ur­ally suf­fer most. And we have seen in the chapter on the Struggle for Ex­ist­ence that it is the most closely-al­lied forms—vari­et­ies of the same spe­cies, and spe­cies of the same genus or re­lated gen­era—which, from hav­ing nearly the same struc­ture, con­sti­tu­tion and habits, gen­er­ally come in­to the severest com­pet­i­tion with each oth­er. Con­sequently, each new vari­ety or spe­cies, dur­ing the pro­gress of its form­a­tion, will gen­er­ally press hard­est on its nearest kindred, and tend to ex­term­in­ate them. We see the same pro­cess of ex­term­in­a­tion among our do­mest­ic­ated pro­duc­tions, through the se­lec­tion of im­proved forms by man. Many curi­ous in­stances could be giv­en show­ing how quickly new breeds of cattle, sheep and oth­er an­im­als, and vari­et­ies of flowers, take the place of older and in­feri­or kinds. In York­shire, it is his­tor­ic­ally known that the an­cient black cattle were dis­placed by the long­horns, and that these “were swept away by the short­horns” (I quote the words of an ag­ri­cul­tur­al writer) “as if by some mur­der­ous pes­ti­lence.”

			
			
				Divergence of Character

				The prin­ciple which I have des­ig­nated by this term is of high im­port­ance, and ex­plains, as I be­lieve, sev­er­al im­port­ant facts. In the first place, vari­et­ies, even strongly-marked ones, though hav­ing some­what of the char­ac­ter of spe­cies—as is shown by the hope­less doubts in many cases how to rank them—yet cer­tainly dif­fer far less from each oth­er than do good and dis­tinct spe­cies. Nev­er­the­less ac­cord­ing to my view, vari­et­ies are spe­cies in the pro­cess of form­a­tion, or are, as I have called them, in­cip­i­ent spe­cies. How, then, does the less­er dif­fer­ence between vari­et­ies be­come aug­men­ted in­to the great­er dif­fer­ence between spe­cies? That this does ha­bitu­ally hap­pen, we must in­fer from most of the in­nu­mer­able spe­cies through­out nature present­ing well-marked dif­fer­ences; where­as vari­et­ies, the sup­posed pro­to­types and par­ents of fu­ture well-marked spe­cies, present slight and ill-defined dif­fer­ences. Mere chance, as we may call it, might cause one vari­ety to dif­fer in some char­ac­ter from its par­ents, and the off­spring of this vari­ety again to dif­fer from its par­ent in the very same char­ac­ter and in a great­er de­gree; but this alone would nev­er ac­count for so ha­bitu­al and large a de­gree of dif­fer­ence as that between the spe­cies of the same genus.

				As has al­ways been my prac­tice, I have sought light on this head from our do­mest­ic pro­duc­tions. We shall here find some­thing ana­log­ous. It will be ad­mit­ted that the pro­duc­tion of races so dif­fer­ent as short­horn and Here­ford cattle, race and cart horses, the sev­er­al breeds of pi­geons, etc., could nev­er have been ef­fected by the mere chance ac­cu­mu­la­tion of sim­il­ar vari­ations dur­ing many suc­cess­ive gen­er­a­tions. In prac­tice, a fan­ci­er is, for in­stance, struck by a pi­geon hav­ing a slightly short­er beak; an­oth­er fan­ci­er is struck by a pi­geon hav­ing a rather longer beak; and on the ac­know­ledged prin­ciple that “fan­ci­ers do not and will not ad­mire a me­di­um stand­ard, but like ex­tremes,” they both go on (as has ac­tu­ally oc­curred with the sub-breeds of the tum­bler-pi­geon) choos­ing and breed­ing from birds with longer and longer beaks, or with short­er and short­er beaks. Again, we may sup­pose that at an early peri­od of his­tory, the men of one na­tion or dis­trict re­quired swifter horses, while those of an­oth­er re­quired stronger and bulki­er horses. The early dif­fer­ences would be very slight; but, in the course of time, from the con­tin­ued se­lec­tion of swifter horses in the one case, and of stronger ones in the oth­er, the dif­fer­ences would be­come great­er, and would be noted as form­ing two sub-breeds. Ul­ti­mately after the lapse of cen­tur­ies, these sub-breeds would be­come con­ver­ted in­to two well-es­tab­lished and dis­tinct breeds. As the dif­fer­ences be­came great­er, the in­feri­or an­im­als with in­ter­me­di­ate char­ac­ters, be­ing neither very swift nor very strong, would not have been used for breed­ing, and will thus have ten­ded to dis­ap­pear. Here, then, we see in man’s pro­duc­tions the ac­tion of what may be called the prin­ciple of di­ver­gence, caus­ing dif­fer­ences, at first barely ap­pre­ciable, stead­ily to in­crease, and the breeds to di­verge in char­ac­ter, both from each oth­er and from their com­mon par­ent.

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

				We can clearly dis­cern this in the case of an­im­als with simple habits. Take the case of a car­ni­vor­ous quad­ruped, of which the num­ber that can be sup­por­ted in any coun­try has long ago ar­rived at its full av­er­age. If its nat­ur­al power of in­crease be al­lowed to act, it can suc­ceed in in­creas­ing (the coun­try not un­der­go­ing any change in con­di­tions) only by its vary­ing des­cend­ants seiz­ing on places at present oc­cu­pied by oth­er an­im­als: some of them, for in­stance, be­ing en­abled to feed on new kinds of prey, either dead or alive; some in­hab­it­ing new sta­tions, climb­ing trees, fre­quent­ing wa­ter, and some per­haps be­com­ing less car­ni­vor­ous. The more di­ver­si­fied in habits and struc­ture the des­cend­ants of our car­ni­vor­ous an­im­als be­come, the more places they will be en­abled to oc­cupy. What ap­plies to one an­im­al will ap­ply through­out all time to all an­im­als—that is, if they vary—for oth­er­wise nat­ur­al se­lec­tion can ef­fect noth­ing. So it will be with plants. It has been ex­per­i­ment­ally proved, that if a plot of ground be sown with one spe­cies of grass, and a sim­il­ar plot be sown with sev­er­al dis­tinct gen­era of grasses, a great­er num­ber of plants and a great­er weight of dry herb­age can be raised in the lat­ter than in the former case. The same has been found to hold good when one vari­ety and sev­er­al mixed vari­et­ies of wheat have been sown on equal spaces of ground. Hence, if any one spe­cies of grass were to go on vary­ing, and the vari­et­ies were con­tinu­ally se­lec­ted which differed from each oth­er in the same man­ner, though in a very slight de­gree, as do the dis­tinct spe­cies and gen­era of grasses, a great­er num­ber of in­di­vidu­al plants of this spe­cies, in­clud­ing its mod­i­fied des­cend­ants, would suc­ceed in liv­ing on the same piece of ground. And we know that each spe­cies and each vari­ety of grass is an­nu­ally sow­ing al­most count­less seeds; and is thus striv­ing, as it may be said, to the ut­most to in­crease in num­ber. Con­sequently, in the course of many thou­sand gen­er­a­tions, the most dis­tinct vari­et­ies of any one spe­cies of grass would have the best chance of suc­ceed­ing and of in­creas­ing in num­bers, and thus of sup­plant­ing the less dis­tinct vari­et­ies; and vari­et­ies, when rendered very dis­tinct from each oth­er, 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 seen un­der many nat­ur­al cir­cum­stances. In an ex­tremely small area, es­pe­cially if freely open to im­mig­ra­tion, and where the con­test between in­di­vidu­al and in­di­vidu­al must be very severe, we al­ways find great di­versity in its in­hab­it­ants. For in­stance, I found that a piece of turf, three feet by four in size, which had been ex­posed for many years to ex­actly the same con­di­tions, sup­por­ted twenty spe­cies of plants, and these be­longed to eight­een gen­era and to eight or­ders, which shows how much these plants differed from each oth­er. So it is with the plants and in­sects on small and uni­form is­lets: also in small ponds of fresh wa­ter. Farm­ers find that they can raise more food by a ro­ta­tion of plants be­long­ing to the most dif­fer­ent or­ders: nature fol­lows what may be called a sim­ul­tan­eous ro­ta­tion. Most of the an­im­als and plants which live close round any small piece of ground, could live on it (sup­pos­ing its nature not to be in any way pe­cu­li­ar), and may be said to be striv­ing to the ut­most to live there; but, it is seen, that where they come in­to the closest com­pet­i­tion, the ad­vant­ages of di­ver­si­fic­a­tion of struc­ture, with the ac­com­pa­ny­ing dif­fer­ences of habit and con­sti­tu­tion, de­term­ine that the in­hab­it­ants, which thus jostle each oth­er most closely, shall, as a gen­er­al rule, be­long to what we call dif­fer­ent gen­era and or­ders.

				The same prin­ciple is seen in the nat­ur­al­isa­tion of plants through man’s agency in for­eign lands. It might have been ex­pec­ted that the plants which would suc­ceed in be­com­ing nat­ur­al­ised in any land would gen­er­ally have been closely al­lied to the in­di­genes; for these are com­monly looked at as spe­cially cre­ated and ad­ap­ted for their own coun­try. It might also, per­haps, have been ex­pec­ted that nat­ur­al­ised plants would have be­longed to a few groups more es­pe­cially ad­ap­ted to cer­tain sta­tions in their new homes. But the case is very dif­fer­ent; and Al­ph. de Can­dolle has well re­marked, in his great and ad­mir­able work, that flor­as gain by nat­ur­al­isa­tion, pro­por­tion­ally with the num­ber of the nat­ive gen­era and spe­cies, far more in new gen­era than in new spe­cies. To give a single in­stance: in the last edi­tion of Dr. Asa Gray’s Manu­al of the Flora of the North­ern United States, 260 nat­ur­al­ised plants are enu­mer­ated, and these be­long to 162 gen­era. We thus see that these nat­ur­al­ised plants are of a highly di­ver­si­fied nature. They dif­fer, moreover, to a large ex­tent, from the in­di­genes, for out of the 162 nat­ur­al­ised gen­era, no less than 100 gen­era are not there in­di­gen­ous, and thus a large pro­por­tion­al ad­di­tion is made to the gen­era now liv­ing in the United States.

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

				The ad­vant­age of di­ver­si­fic­a­tion of struc­ture in the in­hab­it­ants of the same re­gion is, in fact, the same as that of the physiolo­gic­al di­vi­sion of la­bour in the or­gans of the same in­di­vidu­al body—a sub­ject so well elu­cid­ated by Mil­ne Ed­wards. No physiolo­gist doubts that a stom­ach by be­ing ad­ap­ted to di­gest ve­get­able mat­ter alone, or flesh alone, draws most nu­tri­ment from these sub­stances. So in the gen­er­al eco­nomy of any land, the more widely and per­fectly the an­im­als and plants are di­ver­si­fied for dif­fer­ent habits of life, so will a great­er num­ber of in­di­vidu­als be cap­able of there sup­port­ing them­selves. A set of an­im­als, with their or­gan­isa­tion but little di­ver­si­fied, could hardly com­pete with a set more per­fectly di­ver­si­fied in struc­ture. It may be doubted, for in­stance, wheth­er the Aus­trali­an mar­supi­als, which are di­vided in­to groups dif­fer­ing but little from each oth­er, and feebly rep­res­ent­ing, as Mr. Wa­ter­house and oth­ers have re­marked, our car­ni­vor­ous, ru­min­ant, and ro­dent mam­mals, could suc­cess­fully com­pete with these well-de­veloped or­ders. In the Aus­trali­an mam­mals, we see the pro­cess of di­ver­si­fic­a­tion in an early and in­com­plete stage of de­vel­op­ment.

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

				After the fore­go­ing dis­cus­sion, which has been much com­pressed, we may as­sume that the mod­i­fied des­cend­ants of any one spe­cies will suc­ceed so much the bet­ter as they be­come more di­ver­si­fied in struc­ture, and are thus en­abled to en­croach on places oc­cu­pied by oth­er be­ings. Now let us see how this prin­ciple of be­ne­fit be­ing de­rived from di­ver­gence of char­ac­ter, com­bined with the prin­ciples of nat­ur­al se­lec­tion and of ex­tinc­tion, tends to act.

				
					[image: Diagram showing descent of varieties of species in a genus.]
				
				The ac­com­pa­ny­ing dia­gram will aid us in un­der­stand­ing this rather per­plex­ing sub­ject. Let A to L rep­res­ent the spe­cies of a genus large in its own coun­try; these spe­cies are sup­posed to re­semble each oth­er in un­equal de­grees, as is so gen­er­ally the case in nature, and as is rep­res­en­ted in the dia­gram by the let­ters stand­ing at un­equal dis­tances. I have said a large genus, be­cause as we saw in the second chapter, on an av­er­age more spe­cies vary in large gen­era than in small gen­era; and the vary­ing spe­cies of the large gen­era present a great­er num­ber of vari­et­ies. We have, also, seen that the spe­cies, which are the com­mon­est and most widely-dif­fused, vary more than do the rare and re­stric­ted spe­cies. Let (A) be a com­mon, widely-dif­fused, and vary­ing spe­cies, be­long­ing to a genus large in its own coun­try. The branch­ing and di­ver­ging dot­ted lines of un­equal lengths pro­ceed­ing from (A), may rep­res­ent its vary­ing off­spring. The vari­ations are sup­posed to be ex­tremely slight, but of the most di­ver­si­fied nature; they are not sup­posed all to ap­pear sim­ul­tan­eously, but of­ten after long in­ter­vals of time; nor are they all sup­posed to en­dure for equal peri­ods. Only those vari­ations which are in some way prof­it­able will be pre­served or nat­ur­ally se­lec­ted. And here the im­port­ance of the prin­ciple of be­ne­fit de­rived from di­ver­gence of char­ac­ter comes in; for this will gen­er­ally lead to the most dif­fer­ent or di­ver­gent vari­ations (rep­res­en­ted by the out­er dot­ted lines) be­ing pre­served and ac­cu­mu­lated by nat­ur­al se­lec­tion. When a dot­ted line reaches one of the ho­ri­zont­al lines, and is there marked by a small numbered let­ter, a suf­fi­cient amount of vari­ation is sup­posed to have been ac­cu­mu­lated to form it in­to a fairly well-marked vari­ety, such as would be thought worthy of re­cord in a sys­tem­at­ic work.

				The in­ter­vals between the ho­ri­zont­al lines in the dia­gram, may rep­res­ent each a thou­sand or more gen­er­a­tions. After a thou­sand gen­er­a­tions, spe­cies (A) is sup­posed to have pro­duced two fairly well-marked vari­et­ies, namely a1 and m1. These two vari­et­ies will gen­er­ally still be ex­posed to the same con­di­tions which made their par­ents vari­able, and the tend­ency to vari­ab­il­ity is in it­self hered­it­ary; con­sequently they will like­wise tend to vary, and com­monly in nearly the same man­ner as did their par­ents. Moreover, these two vari­et­ies, be­ing only slightly mod­i­fied forms, will tend to in­her­it those ad­vant­ages which made their par­ent (A) more nu­mer­ous than most of the oth­er in­hab­it­ants of the same coun­try; they will also par­take of those more gen­er­al ad­vant­ages which made the genus to which the par­ent-spe­cies be­longed, a large genus in its own coun­try. And all these cir­cum­stances are fa­vour­able to the pro­duc­tion of new vari­et­ies.

				If, then, these two vari­et­ies be vari­able, the most di­ver­gent of their vari­ations will gen­er­ally be pre­served dur­ing the next thou­sand gen­er­a­tions. And after this in­ter­val, vari­ety a1 is sup­posed in the dia­gram to have pro­duced vari­ety a2, which will, ow­ing to the prin­ciple of di­ver­gence, dif­fer more from (A) than did vari­ety a1. Vari­ety m1 is sup­posed to have pro­duced two vari­et­ies, namely m2 and s2, dif­fer­ing from each oth­er, and more con­sid­er­ably from their com­mon par­ent (A). We may con­tin­ue the pro­cess by sim­il­ar steps for any length of time; some of the vari­et­ies, after each thou­sand gen­er­a­tions, pro­du­cing only a single vari­ety, but in a more and more mod­i­fied con­di­tion, some pro­du­cing two or three vari­et­ies, and some fail­ing to pro­duce any. Thus the vari­et­ies or mod­i­fied des­cend­ants of the com­mon par­ent (A), will gen­er­ally go on in­creas­ing in num­ber and di­ver­ging in char­ac­ter. In the dia­gram the pro­cess is rep­res­en­ted up to the ten-thou­sandth gen­er­a­tion, and un­der a con­densed and sim­pli­fied form up to the four­teen-thou­sandth gen­er­a­tion.

				But I must here re­mark that I do not sup­pose that the pro­cess ever goes on so reg­u­larly as is rep­res­en­ted in the dia­gram, though in it­self made some­what ir­reg­u­lar, nor that it goes on con­tinu­ously; it is far more prob­able that each form re­mains for long peri­ods un­altered, and then again un­der­goes modi­fic­a­tion. Nor do I sup­pose that the most di­ver­gent vari­et­ies are in­vari­ably pre­served: a me­di­um form may of­ten long en­dure, and may or may not pro­duce more than one mod­i­fied des­cend­ant; for nat­ur­al se­lec­tion will al­ways act ac­cord­ing to the nature of the places which are either un­oc­cu­pied or not per­fectly oc­cu­pied by oth­er be­ings; and this will de­pend on in­fin­itely com­plex re­la­tions. But as a gen­er­al rule, the more di­ver­si­fied in struc­ture the des­cend­ants from any one spe­cies can be rendered, the more places they will be en­abled to seize on, and the more their mod­i­fied pro­geny will in­crease. In our dia­gram the line of suc­ces­sion is broken at reg­u­lar in­ter­vals by small numbered let­ters mark­ing the suc­cess­ive forms which have be­come suf­fi­ciently dis­tinct to be re­cor­ded as vari­et­ies. But these breaks are ima­gin­ary, and might have been in­ser­ted any­where, after in­ter­vals long enough to al­low the ac­cu­mu­la­tion of a con­sid­er­able amount of di­ver­gent vari­ation.

				As all the mod­i­fied des­cend­ants from a com­mon and widely-dif­fused spe­cies, be­long­ing to a large genus, will tend to par­take of the same ad­vant­ages which made their par­ent suc­cess­ful in life, they will gen­er­ally go on mul­tiply­ing in num­ber as well as di­ver­ging in char­ac­ter: this is rep­res­en­ted in the dia­gram by the sev­er­al di­ver­gent branches pro­ceed­ing from (A). The mod­i­fied off­spring from the later and more highly im­proved branches in the lines of des­cent, will, it is prob­able, of­ten take the place of, and so des­troy, the earli­er and less im­proved branches: this is rep­res­en­ted in the dia­gram by some of the lower branches not reach­ing to the up­per ho­ri­zont­al lines. In some cases no doubt the pro­cess of modi­fic­a­tion will be con­fined to a single line of des­cent, and the num­ber of mod­i­fied des­cend­ants will not be in­creased; al­though the amount of di­ver­gent modi­fic­a­tion may have been aug­men­ted. This case would be rep­res­en­ted in the dia­gram, if all the lines pro­ceed­ing from (A) were re­moved, ex­cept­ing that from a1 to a10. In the same way the Eng­lish race­horse and Eng­lish point­er have ap­par­ently both gone on slowly di­ver­ging in char­ac­ter from their ori­gin­al stocks, without either hav­ing giv­en off any fresh branches or races.

				After ten thou­sand gen­er­a­tions, spe­cies (A) is sup­posed to have pro­duced three forms, a10, f10, and m10, which, from hav­ing di­verged in char­ac­ter dur­ing the suc­cess­ive gen­er­a­tions, will have come to dif­fer largely, but per­haps un­equally, from each oth­er and from their com­mon par­ent. If we sup­pose the amount of change between each ho­ri­zont­al line in our dia­gram to be ex­cess­ively small, these three forms may still be only well-marked vari­et­ies; but we have only to sup­pose the steps in the pro­cess of modi­fic­a­tion to be more nu­mer­ous or great­er in amount, to con­vert these three forms in­to doubt­ful or at least in­to well-defined spe­cies: thus the dia­gram il­lus­trates the steps by which the small dif­fer­ences dis­tin­guish­ing vari­et­ies are in­creased in­to the lar­ger dif­fer­ences dis­tin­guish­ing spe­cies. By con­tinu­ing the same pro­cess for a great­er num­ber of gen­er­a­tions (as shown in the dia­gram in a con­densed and sim­pli­fied man­ner), we get eight spe­cies, marked by the let­ters between a14 and m14, all des­cen­ded from (A). Thus, as I be­lieve, spe­cies are mul­ti­plied and gen­era are formed.

				In a large genus it is prob­able that more than one spe­cies would vary. In the dia­gram I have as­sumed that a second spe­cies (I) has pro­duced, by ana­log­ous steps, after ten thou­sand gen­er­a­tions, either two well-marked vari­et­ies (w10 and z10) or two spe­cies, ac­cord­ing to the amount of change sup­posed to be rep­res­en­ted between the ho­ri­zont­al lines. After four­teen thou­sand gen­er­a­tions, six new spe­cies, marked by the let­ters n14 to z14, are sup­posed to have been pro­duced. In any genus, the spe­cies which are already very dif­fer­ent in char­ac­ter from each oth­er, will gen­er­ally tend to pro­duce the greatest num­ber of mod­i­fied des­cend­ants; for these will have the best chance of seiz­ing on new and widely dif­fer­ent places in the polity of nature: hence in the dia­gram I have chosen the ex­treme spe­cies (A), and the nearly ex­treme spe­cies (I), as those which have largely var­ied, and have giv­en rise to new vari­et­ies and spe­cies. The oth­er nine spe­cies (marked by cap­it­al let­ters) of our ori­gin­al genus, may for long but un­equal peri­ods con­tin­ue to trans­mit un­altered des­cend­ants; and this is shown in the dia­gram by the dot­ted lines un­equally pro­longed up­wards.

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

				If, then, our dia­gram be as­sumed to rep­res­ent a con­sid­er­able amount of modi­fic­a­tion, spe­cies (A) and all the earli­er vari­et­ies will have be­come ex­tinct, be­ing re­placed by eight new spe­cies (a14 to m14); and spe­cies (I) will be re­placed by six (n14 to z14) new spe­cies.

				But we may go fur­ther than this. The ori­gin­al spe­cies of our genus were sup­posed to re­semble each oth­er in un­equal de­grees, as is so gen­er­ally the case in nature; spe­cies (A) be­ing more nearly re­lated to B, C, and D than to the oth­er spe­cies; and spe­cies (I) more to G, H, K, L, than to the oth­ers. These two spe­cies (A and I), were also sup­posed to be very com­mon and widely dif­fused spe­cies, so that they must ori­gin­ally have had some ad­vant­age over most of the oth­er spe­cies of the genus. Their mod­i­fied des­cend­ants, four­teen in num­ber at the four­teen-thou­sandth gen­er­a­tion, will prob­ably have in­her­ited some of the same ad­vant­ages: they have also been mod­i­fied and im­proved in a di­ver­si­fied man­ner at each stage of des­cent, so as to have be­come ad­ap­ted to many re­lated places in the nat­ur­al eco­nomy of their coun­try. It seems, there­fore, ex­tremely prob­able that they will have taken the places of, and thus ex­term­in­ated, not only their par­ents (A) and (I), but like­wise some of the ori­gin­al spe­cies which were most nearly re­lated to their par­ents. Hence very few of the ori­gin­al spe­cies will have trans­mit­ted off­spring to the four­teen-thou­sandth gen­er­a­tion. We may sup­pose that only one (F) of the two spe­cies (E and F) which were least closely re­lated to the oth­er nine ori­gin­al spe­cies, has trans­mit­ted des­cend­ants to this late stage of des­cent.

				The new spe­cies in our dia­gram, des­cen­ded from the ori­gin­al el­ev­en spe­cies, will now be fif­teen in num­ber. Ow­ing to the di­ver­gent tend­ency of nat­ur­al se­lec­tion, the ex­treme amount of dif­fer­ence in char­ac­ter between spe­cies a14 and z14 will be much great­er than that between the most dis­tinct of the ori­gin­al el­ev­en spe­cies. The new spe­cies, moreover, will be al­lied to each oth­er in a widely dif­fer­ent man­ner. Of the eight des­cend­ants from (A) the three marked a14, q14, p14, will be nearly re­lated from hav­ing re­cently branched off from a10; b14 and f14, from hav­ing di­verged at an earli­er peri­od from a5, will be in some de­gree dis­tinct from the three first-named spe­cies; and lastly, o14, e14, and m14, will be nearly re­lated one to the oth­er, but, from hav­ing di­verged at the first com­mence­ment of the pro­cess of modi­fic­a­tion, will be widely dif­fer­ent from the oth­er five spe­cies, and may con­sti­tute a sub­genus or a dis­tinct genus.

				The six des­cend­ants from (I) will form two sub­gen­era or gen­era. But as the ori­gin­al spe­cies (I) differed largely from (A), stand­ing nearly at the ex­treme end of the ori­gin­al genus, the six des­cend­ants from (I) will, ow­ing to in­her­it­ance alone, dif­fer con­sid­er­ably from the eight des­cend­ants from (A); the two groups, moreover, are sup­posed to have gone on di­ver­ging in dif­fer­ent dir­ec­tions. The in­ter­me­di­ate spe­cies, also (and this is a very im­port­ant con­sid­er­a­tion), which con­nec­ted the ori­gin­al spe­cies (A) and (I), have all be­come, ex­cept (F), ex­tinct, and have left no des­cend­ants. Hence the six new spe­cies des­cen­ded from (I), and the eight des­cend­ants from (A), will have to be ranked as very dis­tinct gen­era, or even as dis­tinct sub­fam­il­ies.

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

				It is worth while to re­flect for a mo­ment on the char­ac­ter of the new spe­cies F14, which is sup­posed not to have di­verged much in char­ac­ter, but to have re­tained the form of (F), either un­altered or altered only in a slight de­gree. In this case its af­fin­it­ies to the oth­er four­teen new spe­cies will be of a curi­ous and cir­cuit­ous nature. Be­ing des­cen­ded from a form that stood between the par­ent-spe­cies (A) and (I), now sup­posed to be ex­tinct and un­known, it will be in some de­gree in­ter­me­di­ate in char­ac­ter between the two groups des­cen­ded from these two spe­cies. But as these two groups have gone on di­ver­ging in char­ac­ter from the type of their par­ents, the new spe­cies (F14) will not be dir­ectly in­ter­me­di­ate between them, but rather between types of the two groups; and every nat­ur­al­ist will be able to call such cases be­fore his mind.

				In the dia­gram each ho­ri­zont­al line has hitherto been sup­posed to rep­res­ent a thou­sand gen­er­a­tions, but each may rep­res­ent a mil­lion or more gen­er­a­tions; it may also rep­res­ent a sec­tion of the suc­cess­ive strata of the earth’s crust in­clud­ing ex­tinct re­mains. We shall, when we come to our chapter on geo­logy, have to refer again to this sub­ject, and I think we shall then see that the dia­gram throws light on the af­fin­it­ies of ex­tinct be­ings, which, though gen­er­ally be­long­ing to the same or­ders, fam­il­ies, or gen­era, with those now liv­ing, yet are of­ten, in some de­gree, in­ter­me­di­ate in char­ac­ter between ex­ist­ing groups; and we can un­der­stand this fact, for the ex­tinct spe­cies lived at vari­ous re­mote epochs when the branch­ing lines of des­cent had di­verged less.

				I see no reas­on to lim­it the pro­cess of modi­fic­a­tion, as now ex­plained, to the form­a­tion of gen­era alone. If, in the dia­gram, we sup­pose the amount of change rep­res­en­ted by each suc­cess­ive group of di­ver­ging dot­ted lines to be great, the forms marked a14 to p14, those marked b14 and f14, and those marked o14 to m14, will form three very dis­tinct gen­era. We shall also have two very dis­tinct gen­era des­cen­ded from (I), dif­fer­ing widely from the des­cend­ants of (A). These two groups of gen­era will thus form two dis­tinct fam­il­ies, or or­ders, ac­cord­ing to the amount of di­ver­gent modi­fic­a­tion sup­posed to be rep­res­en­ted in the dia­gram. And the two new fam­il­ies, or or­ders, are des­cen­ded from two spe­cies of the ori­gin­al genus; and these are sup­posed to be des­cen­ded from some still more an­cient and un­known form.

				We have seen that in each coun­try it is the spe­cies be­long­ing to the lar­ger gen­era which of­ten­est present vari­et­ies or in­cip­i­ent spe­cies. This, in­deed, might have been ex­pec­ted; for as nat­ur­al se­lec­tion acts through one form hav­ing some ad­vant­age over oth­er forms in the struggle for ex­ist­ence, it will chiefly act on those which already have some ad­vant­age; and the large­ness of any group shows that its spe­cies have in­her­ited from a com­mon an­cest­or some ad­vant­age in com­mon. Hence, the struggle for the pro­duc­tion of new and mod­i­fied des­cend­ants will mainly lie between the lar­ger groups, which are all try­ing to in­crease in num­ber. One large group will slowly con­quer an­oth­er large group, re­duce its num­ber, and thus lessen its chance of fur­ther vari­ation and im­prove­ment. With­in the same large group, the later and more highly per­fec­ted sub­groups, from branch­ing out and seiz­ing on many new places in the polity of nature, will con­stantly tend to sup­plant and des­troy the earli­er and less im­proved sub­groups. Small and broken groups and sub­groups will fi­nally dis­ap­pear. Look­ing to the fu­ture, we can pre­dict that the groups of or­gan­ic be­ings which are now large and tri­umphant, and which are least broken up, that is, which have as yet suffered least ex­tinc­tion, will, for a long peri­od, con­tin­ue to in­crease. But which groups will ul­ti­mately pre­vail, no man can pre­dict; for we know that many groups, formerly most ex­tens­ively de­veloped, have now be­come ex­tinct. Look­ing still more re­motely to the fu­ture, we may pre­dict that, ow­ing to the con­tin­ued and steady in­crease of the lar­ger groups, a mul­ti­tude of smal­ler groups will be­come ut­terly ex­tinct, and leave no mod­i­fied des­cend­ants; and con­sequently that, of the spe­cies liv­ing at any one peri­od, ex­tremely few will trans­mit des­cend­ants to a re­mote fu­tur­ity. I shall have to re­turn to this sub­ject in the chapter on clas­si­fic­a­tion, but I may add that as, ac­cord­ing to this view, ex­tremely few of the more an­cient spe­cies have trans­mit­ted des­cend­ants to the present day, and, as all the des­cend­ants of the same spe­cies form a class, we can un­der­stand how it is that there ex­ist so few classes in each main di­vi­sion of the an­im­al and ve­get­able king­doms. Al­though few of the most an­cient spe­cies have left mod­i­fied des­cend­ants, yet, at re­mote geo­lo­gic­al peri­ods, the earth may have been al­most as well peopled with spe­cies of many gen­era, fam­il­ies, or­ders and classes, as at the present day.

			
			
				On the Degree to Which Organisation Tends to Advance

				Nat­ur­al se­lec­tion acts ex­clus­ively by the pre­ser­va­tion and ac­cu­mu­la­tion of vari­ations, which are be­ne­fi­cial un­der the or­gan­ic and in­or­gan­ic con­di­tions to which each creature is ex­posed at all peri­ods of life. The ul­ti­mate res­ult is that each creature tends to be­come more and more im­proved in re­la­tion to its 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 enter on a very in­tric­ate sub­ject, for nat­ur­al­ists have not defined to each oth­er’s sat­is­fac­tion what is meant by an ad­vance in or­gan­isa­tion. Among the ver­teb­rata the de­gree of in­tel­lect and an ap­proach in struc­ture to man clearly come in­to play. It might be thought that the amount of change which the vari­ous parts and or­gans pass through in their de­vel­op­ment from em­bryo to ma­tur­ity would suf­fice as a stand­ard of com­par­is­on; but there are cases, as with cer­tain para­sit­ic crus­ta­ceans, in which sev­er­al parts of the struc­ture be­come less per­fect, so that the ma­ture an­im­al can­not be called high­er than its larva. Von Baer’s stand­ard seems the most widely ap­plic­able and the best, namely, the amount of dif­fer­en­ti­ation of the parts of the same or­gan­ic be­ing, in the adult state, as I should be in­clined to add, and their spe­cial­isa­tion for dif­fer­ent func­tions; or, as Mil­ne Ed­wards would ex­press it, the com­plete­ness of the di­vi­sion of physiolo­gic­al la­bour. But we shall see how ob­scure this sub­ject is if we look, for in­stance, to fishes, among which some nat­ur­al­ists rank those as highest which, like the sharks, ap­proach nearest to am­phi­bi­ans; while oth­er nat­ur­al­ists rank the com­mon bony or tele­ostean fishes as the highest, inas­much as they are most strictly fish-like, and dif­fer most from the oth­er ver­teb­rate classes. We see still more plainly the ob­scur­ity of the sub­ject by turn­ing to plants, among which the stand­ard of in­tel­lect is of course quite ex­cluded; and here some bot­an­ists rank those plants as highest which have every or­gan, as sepals, petals, sta­mens and pis­tils, fully de­veloped in each flower; where­as oth­er bot­an­ists, prob­ably with more truth, look at the plants which have their sev­er­al or­gans much mod­i­fied and re­duced in num­ber as the highest.

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

				But it may be ob­jec­ted that if all or­gan­ic be­ings thus tend to rise in the scale, how is it that through­out the world a mul­ti­tude of the low­est forms still ex­ist; and how is it that in each great class some forms are far more highly de­veloped than oth­ers? Why have not the more highly de­veloped forms every­where sup­planted and ex­term­in­ated the lower? Lamar­ck, who be­lieved in an in­nate and in­ev­it­able tend­ency to­wards per­fec­tion in all or­gan­ic be­ings, seems to have felt this dif­fi­culty so strongly that he was led to sup­pose that new and simple forms are con­tinu­ally be­ing pro­duced by spon­tan­eous gen­er­a­tion. Sci­ence has not as yet proved the truth of this be­lief, whatever the fu­ture may re­veal. On our the­ory the con­tin­ued ex­ist­ence of lowly or­gan­isms of­fers no dif­fi­culty; for nat­ur­al se­lec­tion, or the sur­viv­al of the fit­test, does not ne­ces­sar­ily in­clude pro­gress­ive de­vel­op­ment—it only takes ad­vant­age of such vari­ations as arise and are be­ne­fi­cial to each creature un­der its com­plex re­la­tions of life. And it may be asked what ad­vant­age, as far as we can see, would it be to an in­fus­ori­an an­im­al­cule—to an in­test­in­al worm—or even to an earth­worm, to be highly or­gan­ised. If it were no ad­vant­age, these forms would be left, by nat­ur­al se­lec­tion, un­im­proved or but little im­proved, and might re­main for in­def­in­ite ages in their present lowly con­di­tion. And geo­logy tells us that some of the low­est forms, as the in­fus­or­ia and rhizo­pods, have re­mained for an enorm­ous peri­od in nearly their present state. But to sup­pose that most of the many now ex­ist­ing low forms have not in the least ad­vanced since the first dawn of life would be ex­tremely rash; for every nat­ur­al­ist who has dis­sec­ted some of the be­ings now ranked as very low in the scale, must have been struck with their really won­drous and beau­ti­ful or­gan­isa­tion.

				Nearly the same re­marks are ap­plic­able, if we look to the dif­fer­ent grades of or­gan­isa­tion with­in the same great group; for in­stance, in the ver­teb­rata, to the co­ex­ist­ence of mam­mals and fish—among mam­malia, to the co­ex­ist­ence of man and the or­ni­tho­rhynchus—among fishes, to the co­ex­ist­ence of the shark and the lance­let (Am­phi­ox­us), which lat­ter fish in the ex­treme sim­pli­city of its struc­ture ap­proaches the in­ver­teb­rate classes. But mam­mals and fish hardly come in­to com­pet­i­tion with each oth­er; the ad­vance­ment of the whole class of mam­mals, or of cer­tain mem­bers in this class, to the highest grade would not lead to their tak­ing the place of fishes. Physiolo­gists be­lieve that the brain must be bathed by warm blood to be highly act­ive, and this re­quires aer­i­al res­pir­a­tion; so that warm-blooded mam­mals when in­hab­it­ing the wa­ter lie un­der a dis­ad­vant­age in hav­ing to come con­tinu­ally to the sur­face to breathe. With fishes, mem­bers of the shark fam­ily would not tend to sup­plant the lance­let; for the lance­let, as I hear from Fritz Muller, has as sole com­pan­ion and com­pet­it­or on the bar­ren sandy shore of South Brazil, an an­om­al­ous an­nelid. The three low­est or­ders of mam­mals, namely, mar­supi­als, edentata, and ro­dents, co­ex­ist in South Amer­ica in the same re­gion with nu­mer­ous mon­keys, and prob­ably in­ter­fere little with each oth­er. Al­though or­gan­isa­tion, on the whole, may have ad­vanced and be still ad­van­cing through­out the world, yet the scale will al­ways present many de­grees of per­fec­tion; for the high ad­vance­ment of cer­tain whole classes, or of cer­tain mem­bers of each class, does not at all ne­ces­sar­ily lead to the ex­tinc­tion of those groups with which they do not enter in­to close com­pet­i­tion. In some cases, as we shall here­after see, lowly or­gan­ised forms ap­pear to have been pre­served to the present day, from in­hab­it­ing con­fined or pe­cu­li­ar sta­tions, where they have been sub­jec­ted to less severe com­pet­i­tion, and where their scanty num­bers have re­tarded the chance of fa­vour­able vari­ations arising.

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

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

			
			
				Convergence of Character

				Mr. H. C. Wat­son thinks that I have over­rated the im­port­ance of di­ver­gence of char­ac­ter (in which, how­ever, he ap­par­ently be­lieves), and that con­ver­gence, as it may be called, has like­wise played a part. If two spe­cies be­long­ing to two dis­tinct though al­lied gen­era, had both pro­duced a large num­ber of new and di­ver­gent forms, it is con­ceiv­able that these might ap­proach each oth­er so closely that they would have all to be classed un­der the same genus; and thus the des­cend­ants of two dis­tinct gen­era would con­verge in­to one. But it would in most cases be ex­tremely rash to at­trib­ute to con­ver­gence a close and gen­er­al sim­il­ar­ity of struc­ture in the mod­i­fied des­cend­ants of widely dis­tinct forms. The shape of a crys­tal is de­term­ined solely by the mo­lecu­lar forces, and it is not sur­pris­ing that dis­sim­il­ar sub­stances should some­times as­sume the same form; but with or­gan­ic be­ings we should bear in mind that the form of each de­pends on an in­finitude of com­plex re­la­tions, namely on the vari­ations which have aris­en, these be­ing due to causes far too in­tric­ate to be fol­lowed out—on the nature of the vari­ations which have been pre­served or se­lec­ted, and this de­pends on the sur­round­ing phys­ic­al con­di­tions, and in a still high­er de­gree on the sur­round­ing or­gan­isms with which each be­ing has come in­to com­pet­i­tion—and lastly, on in­her­it­ance (in it­self a fluc­tu­at­ing ele­ment) from in­nu­mer­able pro­gen­it­ors, all of which have had their forms de­term­ined through equally com­plex re­la­tions. It is in­cred­ible that the des­cend­ants of two or­gan­isms, which had ori­gin­ally differed in a marked man­ner, should ever af­ter­wards con­verge so closely as to lead to a near ap­proach to iden­tity through­out their whole or­gan­isa­tion. If this had oc­curred, we should meet with the same form, in­de­pend­ently of ge­net­ic con­nec­tion, re­cur­ring in widely sep­ar­ated geo­lo­gic­al form­a­tions; and the bal­ance of evid­ence is op­posed to any such an ad­mis­sion.

				Mr. Wat­son has also ob­jec­ted that the con­tin­ued ac­tion of nat­ur­al se­lec­tion, to­geth­er with di­ver­gence of char­ac­ter, would tend to make an in­def­in­ite num­ber of spe­cif­ic forms. As far as mere in­or­gan­ic con­di­tions are con­cerned, it seems prob­able that a suf­fi­cient num­ber of spe­cies would soon be­come ad­ap­ted to all con­sid­er­able di­versit­ies of heat, mois­ture, etc.; but I fully ad­mit that the mu­tu­al re­la­tions of or­gan­ic be­ings are more im­port­ant; and as the num­ber of spe­cies in any coun­try goes on in­creas­ing, the or­gan­ic con­di­tions of life must be­come more and more com­plex. Con­sequently there seems at first no lim­it to the amount of prof­it­able di­ver­si­fic­a­tion of struc­ture, and there­fore no lim­it to the num­ber of spe­cies which might be pro­duced. We do not know that even the most pro­lif­ic area is fully stocked with spe­cif­ic forms: at the Cape of Good Hope and in Aus­tralia, which sup­port such an as­ton­ish­ing num­ber of spe­cies, many European plants have be­come nat­ur­al­ised. But geo­logy shows us, that from an early part of the ter­tiary peri­od the num­ber of spe­cies of shells, and that from the middle part of this same peri­od, the num­ber of mam­mals has not greatly or at all in­creased. What then checks an in­def­in­ite in­crease in the num­ber of spe­cies? The amount of life (I do not mean the num­ber of spe­cif­ic forms) sup­por­ted on an area must have a lim­it, de­pend­ing so largely as it does on phys­ic­al con­di­tions; there­fore, if an area be in­hab­ited by very many spe­cies, each or nearly each spe­cies will be rep­res­en­ted by few in­di­vidu­als; and such spe­cies will be li­able to ex­term­in­a­tion from ac­ci­dent­al fluc­tu­ations in the nature of the sea­sons or in the num­ber of their en­emies. The pro­cess of ex­term­in­a­tion in such cases would be rap­id, where­as the pro­duc­tion of new spe­cies must al­ways be slow. Ima­gine the ex­treme case of as many spe­cies as in­di­vidu­als in Eng­land, and the first severe winter or very dry sum­mer would ex­term­in­ate thou­sands on thou­sands of spe­cies. Rare spe­cies, and each spe­cies will be­come rare if the num­ber of spe­cies in any coun­try be­comes in­def­in­itely in­creased, will, on the prin­ciple of­ten ex­plained, present with­in a giv­en peri­od few fa­vour­able vari­ations; con­sequently, the pro­cess of giv­ing birth to new spe­cif­ic forms would thus be re­tarded. When any spe­cies be­comes very rare, close in­ter­breed­ing will help to ex­term­in­ate it; au­thors have thought that this comes in­to play in ac­count­ing for the de­teri­or­a­tion of the aurochs in Lithuania, of red deer in Scot­land and of bears in Nor­way, etc. Lastly, and this I am in­clined to think is the most im­port­ant ele­ment, a dom­in­ant spe­cies, which has already beaten many com­pet­it­ors in its own home, will tend to spread and sup­plant many oth­ers. Al­ph. de Can­dolle has shown that those spe­cies which spread widely tend gen­er­ally to spread very widely, con­sequently they will tend to sup­plant and ex­term­in­ate sev­er­al spe­cies in sev­er­al areas, and thus check the in­or­din­ate in­crease of spe­cif­ic forms through­out the world. Dr. Hook­er has re­cently shown that in the south­east corner of Aus­tralia, where, ap­par­ently, there are many in­vaders from dif­fer­ent quar­ters of the globe, the en­dem­ic Aus­trali­an spe­cies have been greatly re­duced in num­ber. How much weight to at­trib­ute to these sev­er­al con­sid­er­a­tions I will not pre­tend to say; but con­jointly they must lim­it in each coun­try the tend­ency to an in­def­in­ite aug­ment­a­tion of spe­cif­ic forms.

			
			
				Summary of Chapter

				If un­der chan­ging con­di­tions of life or­gan­ic be­ings present in­di­vidu­al dif­fer­ences in al­most every part of their struc­ture, and this can­not be dis­puted; if there be, ow­ing to their geo­met­ric­al rate of in­crease, a severe struggle for life at some age, sea­son or year, and this cer­tainly can­not be dis­puted; then, con­sid­er­ing the in­fin­ite com­plex­ity of the re­la­tions of all or­gan­ic be­ings to each oth­er and to their con­di­tions of life, caus­ing an in­fin­ite di­versity in struc­ture, con­sti­tu­tion, and habits, to be ad­vant­age­ous to them, it would be a most ex­traordin­ary fact if no vari­ations had ever oc­curred use­ful to each be­ing’s own wel­fare, in the same man­ner as so many vari­ations have oc­curred use­ful to man. But if vari­ations use­ful to any or­gan­ic be­ing ever do oc­cur, as­suredly in­di­vidu­als thus char­ac­ter­ised will have the best chance of be­ing pre­served in the struggle for life; and from the strong prin­ciple of in­her­it­ance, these will tend to pro­duce off­spring sim­il­arly char­ac­ter­ised. This prin­ciple of pre­ser­va­tion, or the sur­viv­al of the fit­test, I have called nat­ur­al se­lec­tion. It leads to the im­prove­ment of each creature in re­la­tion to its or­gan­ic and in­or­gan­ic con­di­tions of life; and con­sequently, in most cases, to what must be re­garded as an ad­vance in or­gan­isa­tion. Nev­er­the­less, low and simple forms will long en­dure if well fit­ted for their simple con­di­tions of life.

				Nat­ur­al se­lec­tion, on the prin­ciple of qual­it­ies be­ing in­her­ited at cor­res­pond­ing ages, can modi­fy the egg, seed, or young as eas­ily as the adult. Among many an­im­als sexu­al se­lec­tion will have giv­en its aid to or­din­ary se­lec­tion by as­sur­ing to the most vig­or­ous and best ad­ap­ted males the greatest num­ber of off­spring. Sexu­al se­lec­tion will also give char­ac­ters use­ful to the males alone in their struggles or rivalry with oth­er males; and these char­ac­ters will be trans­mit­ted to one sex or to both sexes, ac­cord­ing to the form of in­her­it­ance which pre­vails.

				Wheth­er nat­ur­al se­lec­tion has really thus ac­ted in ad­apt­ing the vari­ous forms of life to their sev­er­al con­di­tions and sta­tions, must be judged by the gen­er­al ten­or and bal­ance of evid­ence giv­en in the fol­low­ing chapters. But we have already seen how it en­tails ex­tinc­tion; and how largely ex­tinc­tion has ac­ted in the world’s his­tory, geo­logy plainly de­clares. Nat­ur­al se­lec­tion, also, leads to di­ver­gence of char­ac­ter; for the more or­gan­ic be­ings di­verge in struc­ture, habits and con­sti­tu­tion, by so much the more can a large num­ber be sup­por­ted on the area, of which we see proof by look­ing to the in­hab­it­ants of any small spot, and to the pro­duc­tions nat­ur­al­ised in for­eign lands. There­fore, dur­ing the modi­fic­a­tion of the des­cend­ants of any one spe­cies, and dur­ing the in­cess­ant struggle of all spe­cies to in­crease in num­bers, the more di­ver­si­fied the des­cend­ants be­come, the bet­ter will be their chance of suc­cess in the battle for life. Thus the small dif­fer­ences dis­tin­guish­ing vari­et­ies of the same spe­cies, stead­ily tend to in­crease, till they equal the great­er dif­fer­ences between spe­cies of the same genus, or even of dis­tinct gen­era.

				We have seen that it is the com­mon, the widely-dif­fused, and widely-ran­ging spe­cies, be­long­ing to the lar­ger gen­era with­in each class, which vary most; and these tend to trans­mit to their mod­i­fied off­spring that su­peri­or­ity which now makes them dom­in­ant in their own coun­tries. Nat­ur­al se­lec­tion, as has just been re­marked, leads to di­ver­gence of char­ac­ter and to much ex­tinc­tion of the less im­proved and in­ter­me­di­ate forms of life. On these prin­ciples, the nature of the af­fin­it­ies, and the gen­er­ally well defined dis­tinc­tions between the in­nu­mer­able or­gan­ic be­ings in each class through­out the world, may be ex­plained. It is a truly won­der­ful fact—the won­der of which we are apt to over­look from fa­mili­ar­ity—that all an­im­als and all plants through­out all time and space should be re­lated to each oth­er in groups, sub­or­din­ate to groups, in the man­ner which we every­where be­hold—namely, vari­et­ies of the same spe­cies most closely re­lated, spe­cies of the same genus less closely and un­equally re­lated, form­ing sec­tions and sub­gen­era, spe­cies of dis­tinct gen­era much less closely re­lated, and gen­era re­lated in dif­fer­ent de­grees, form­ing sub­fam­il­ies, fam­il­ies, or­ders, sub­classes, and classes. The sev­er­al sub­or­din­ate groups in any class can­not be ranked in a single file, but seem clustered round points, and these round oth­er points, and so on in al­most end­less cycles. If spe­cies had been in­de­pend­ently cre­ated, no ex­plan­a­tion would have been pos­sible of this kind of clas­si­fic­a­tion; but it is ex­plained through in­her­it­ance and the com­plex ac­tion of nat­ur­al se­lec­tion, en­tail­ing ex­tinc­tion and di­ver­gence of char­ac­ter, as we have seen il­lus­trated in the dia­gram.

				The af­fin­it­ies of all the be­ings of the same class have some­times been rep­res­en­ted by a great tree. I be­lieve this simile largely speaks the truth. The green and bud­ding twigs may rep­res­ent ex­ist­ing spe­cies; and those pro­duced dur­ing former years may rep­res­ent the long suc­ces­sion of ex­tinct spe­cies. At each peri­od of growth all the grow­ing twigs have tried to branch out on all sides, and to over­top and kill the sur­round­ing twigs and branches, in the same man­ner as spe­cies and groups of spe­cies have at all times over­mastered oth­er spe­cies in the great battle for life. The limbs di­vided in­to great branches, and these in­to less­er and less­er branches, were them­selves once, when the tree was young, bud­ding twigs; and this con­nec­tion of the former and present buds by rami­fy­ing branches may well rep­res­ent the clas­si­fic­a­tion of all ex­tinct and liv­ing spe­cies in groups sub­or­din­ate to groups. Of the many twigs which flour­ished when the tree was a mere bush, only two or three, now grown in­to great branches, yet sur­vive and bear the oth­er branches; so with the spe­cies which lived dur­ing long-past geo­lo­gic­al peri­ods, very few have left liv­ing and mod­i­fied des­cend­ants. From the first growth of the tree, many a limb and branch has de­cayed and dropped off; and these fallen branches of vari­ous sizes may rep­res­ent those whole or­ders, fam­il­ies, and gen­era which have now no liv­ing rep­res­ent­at­ives, and which are known to us only in a fossil state. As we here and there see a thin, strag­gling branch spring­ing from a fork low down in a tree, and which by some chance has been fa­voured and is still alive on its sum­mit, so we oc­ca­sion­ally see an an­im­al like the Or­ni­tho­rhynchus or Lepidosiren, which in some small de­gree con­nects by its af­fin­it­ies two large branches of life, and which has ap­par­ently been saved from fatal com­pet­i­tion by hav­ing in­hab­ited a pro­tec­ted sta­tion. As buds give rise by growth to fresh buds, and these, if vig­or­ous, branch out and over­top on all sides many a feebler branch, so by gen­er­a­tion I be­lieve it has been with the great Tree of Life, which fills with its dead and broken branches the crust of the earth, and cov­ers the sur­face with its ever-branch­ing and beau­ti­ful rami­fic­a­tions.

			
		
	
		
			
				V

				Laws of Vari­ation

			
			I have hitherto some­times spoken as if the vari­ations—so com­mon and mul­ti­form with or­gan­ic be­ings un­der do­mest­ic­a­tion, and in a less­er de­gree with those un­der nature—were due to chance. This, of course is a wholly in­cor­rect ex­pres­sion, but it serves to ac­know­ledge plainly our ig­nor­ance of the cause of each par­tic­u­lar vari­ation. Some au­thors be­lieve it to be as much the func­tion of the re­pro­duct­ive sys­tem to pro­duce in­di­vidu­al dif­fer­ences, or slight de­vi­ations of struc­ture, as to make the child like its par­ents. But the fact of vari­ations and mon­stros­it­ies oc­cur­ring much more fre­quently un­der do­mest­ic­a­tion than un­der nature, and the great­er vari­ab­il­ity of spe­cies hav­ing wide ranges than of those with re­stric­ted ranges, lead to the con­clu­sion that vari­ab­il­ity is gen­er­ally re­lated to the con­di­tions of life to which each spe­cies has been ex­posed dur­ing sev­er­al suc­cess­ive gen­er­a­tions. In the first chapter I at­temp­ted to show that changed con­di­tions act in two ways, dir­ectly on the whole or­gan­isa­tion or on cer­tain parts alone, and in­dir­ectly through the re­pro­duct­ive sys­tem. In all cases there are two factors, the nature of the or­gan­ism, which is much the most im­port­ant of the two, and the nature of the con­di­tions. The dir­ect ac­tion of changed con­di­tions leads to def­in­ite or in­def­in­ite res­ults. In the lat­ter case the or­gan­isa­tion seems to be­come plastic, and we have much fluc­tu­at­ing vari­ab­il­ity. In the former case the nature of the or­gan­ism is such that it yields read­ily, when sub­jec­ted to cer­tain con­di­tions, and all, or nearly all, the in­di­vidu­als be­come mod­i­fied in the same way.

			It is very dif­fi­cult to de­cide how far changed con­di­tions, such as of cli­mate, food, etc., have ac­ted in a def­in­ite man­ner. There is reas­on to be­lieve that in the course of time the ef­fects have been great­er than can be proved by clear evid­ence. But we may safely con­clude that the in­nu­mer­able com­plex co-ad­apt­a­tions of struc­ture, which we see through­out nature between vari­ous or­gan­ic be­ings, can­not be at­trib­uted simply to such ac­tion. In the fol­low­ing cases the con­di­tions seem to have pro­duced some slight def­in­ite ef­fect: E. For­bes as­serts that shells at their south­ern lim­it, and when liv­ing in shal­low wa­ter, are more brightly col­oured than those of the same spe­cies from fur­ther north or from a great­er depth; but this cer­tainly does not al­ways hold good. Mr. Gould be­lieves that birds of the same spe­cies are more brightly col­oured un­der a clear at­mo­sphere, than when liv­ing near the coast or on is­lands; and Wol­la­ston is con­vinced that res­id­ence near the sea af­fects the col­ours of in­sects. Moquin-Tan­don gives a list of plants which, when grow­ing near the sea­shore, have their leaves in some de­gree fleshy, though not else­where fleshy. These slightly vary­ing or­gan­isms are in­ter­est­ing in as far as they present char­ac­ters ana­log­ous to those pos­sessed by the spe­cies which are con­fined to sim­il­ar con­di­tions.

			When a vari­ation is of the slight­est use to any be­ing, we can­not tell how much to at­trib­ute to the ac­cu­mu­lat­ive ac­tion of nat­ur­al se­lec­tion, and how much to the def­in­ite ac­tion of the con­di­tions of life. Thus, it is well known to fur­ri­ers that an­im­als of the same spe­cies have thick­er and bet­ter fur the fur­ther north they live; but who can tell how much of this dif­fer­ence may be due to the warmest-clad in­di­vidu­als hav­ing been fa­voured and pre­served dur­ing many gen­er­a­tions, and how much to the ac­tion of the severe cli­mate? For it would ap­pear that cli­mate has some dir­ect ac­tion on the hair of our do­mest­ic quad­ru­peds.

			In­stances could be giv­en of sim­il­ar vari­et­ies be­ing pro­duced from the same spe­cies un­der ex­tern­al con­di­tions of life as dif­fer­ent as can well be con­ceived; and, on the oth­er hand, of dis­sim­il­ar vari­et­ies be­ing pro­duced un­der ap­par­ently the same ex­tern­al con­di­tions. Again, in­nu­mer­able in­stances are known to every nat­ur­al­ist, of spe­cies keep­ing true, or not vary­ing at all, al­though liv­ing un­der the most op­pos­ite cli­mates. Such con­sid­er­a­tions as these in­cline me to lay less weight on the dir­ect ac­tion of the sur­round­ing con­di­tions, than on a tend­ency to vary, due to causes of which we are quite ig­nor­ant.

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

			
				Effects of the Increased Use and Disuse of Parts, as Controlled by Natural Selection

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

				Kirby has re­marked (and I have ob­served the same fact) that the an­teri­or tarsi, or feet, of many male dung-feed­ing beetles are of­ten broken off; he ex­amined sev­en­teen spe­ci­mens in his own col­lec­tion, and not one had even a rel­ic left. In the On­ites apelles the tarsi are so ha­bitu­ally lost that the in­sect has been de­scribed as not hav­ing them. In some oth­er gen­era they are present, but in a rudi­ment­ary con­di­tion. In the Ateuchus or sac­red beetle of the Egyp­tians, they are totally de­fi­cient. The evid­ence that ac­ci­dent­al mu­til­a­tions can be in­her­ited is at present not de­cis­ive; but the re­mark­able cases ob­served by Brown-Sequard in guinea-pigs, of the in­her­ited ef­fects of op­er­a­tions, should make us cau­tious in deny­ing this tend­ency. Hence, it will per­haps be safest to look at the en­tire ab­sence of the an­teri­or tarsi in Ateuchus, and their rudi­ment­ary con­di­tion in some oth­er gen­era, not as cases of in­her­ited mu­til­a­tions, but as due to the ef­fects of long-con­tin­ued dis­use; for as many dung-feed­ing beetles are gen­er­ally found with their tarsi lost, this must hap­pen early in life; there­fore the tarsi can­not be of much im­port­ance or be much used by these in­sects.

				In some cases we might eas­ily put down to dis­use modi­fic­a­tions of struc­ture which are wholly, or mainly due to nat­ur­al se­lec­tion. Mr. Wol­la­ston has dis­covered the re­mark­able fact that 200 beetles, out of the 550 spe­cies (but more are now known) in­hab­it­ing Madeira, are so far de­fi­cient in wings that they can­not fly; and that, of the twenty-nine en­dem­ic gen­era, no less than twenty-three have all their spe­cies in this con­di­tion! Sev­er­al facts, namely, that beetles in many parts of the world are very fre­quently blown to sea and per­ish; that the beetles in Madeira, as ob­served by Mr. Wol­la­ston, lie much con­cealed, un­til the wind lulls and the sun shines; that the pro­por­tion of wing­less beetles is lar­ger on the ex­posed Deser­tas than in Madeira it­self; and es­pe­cially the ex­traordin­ary fact, so strongly in­sisted on by Mr. Wol­la­ston, that cer­tain large groups of beetles, else­where ex­cess­ively nu­mer­ous, which ab­so­lutely re­quire the use of their wings, are here al­most en­tirely ab­sent. These sev­er­al con­sid­er­a­tions make me be­lieve that the wing­less con­di­tion of so many Madeira beetles is mainly due to the ac­tion of nat­ur­al se­lec­tion, com­bined prob­ably with dis­use. For dur­ing many suc­cess­ive gen­er­a­tions each in­di­vidu­al beetle which flew least, either from its wings hav­ing been ever so little less per­fectly de­veloped or from in­dol­ent habit, will have had the best chance of sur­viv­ing from not be­ing blown out to sea; and, on the oth­er hand, those beetles which most read­ily took to flight would of­ten­est have been blown to sea, and thus des­troyed.

				The in­sects in Madeira which are not ground-feed­ers, and which, as cer­tain flower-feed­ing co­le­optera and lepid­op­tera, must ha­bitu­ally use their wings to gain their sub­sist­ence, have, as Mr. Wol­la­ston sus­pects, their wings not at all re­duced, but even en­larged. This is quite com­pat­ible with the ac­tion of nat­ur­al se­lec­tion. For when a new in­sect first ar­rived on the is­land, the tend­ency of nat­ur­al se­lec­tion to en­large or to re­duce the wings, would de­pend on wheth­er a great­er num­ber of in­di­vidu­als were saved by suc­cess­fully bat­tling with the winds, or by giv­ing up the at­tempt and rarely or nev­er fly­ing. As with mar­iners ship­wrecked near a coast, it would have been bet­ter for the good swim­mers if they had been able to swim still fur­ther, where­as it would have been bet­ter for the bad swim­mers if they had not been able to swim at all and had stuck to the wreck.

				The eyes of moles and of some bur­row­ing ro­dents are rudi­ment­ary in size, and in some cases are quite covered by skin and fur. This state of the eyes is prob­ably due to gradu­al re­duc­tion from dis­use, but aided per­haps by nat­ur­al se­lec­tion. In South Amer­ica, a bur­row­ing ro­dent, the tuco-tuco, or Ctenomys, is even more sub­ter­ranean in its habits than the mole; and I was as­sured by a Span­iard, who had of­ten caught them, that they were fre­quently blind. One which I kept alive was cer­tainly in this con­di­tion, the cause, as ap­peared on dis­sec­tion, hav­ing been in­flam­ma­tion of the nic­tit­at­ing mem­brane. As fre­quent in­flam­ma­tion of the eyes must be in­jur­i­ous to any an­im­al, and as eyes are cer­tainly not ne­ces­sary to an­im­als hav­ing sub­ter­ranean habits, a re­duc­tion in their size, with the ad­he­sion of the eye­lids and growth of fur over them, might in such case be an ad­vant­age; and if so, nat­ur­al se­lec­tion would aid the ef­fects of dis­use.

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

				It is dif­fi­cult to ima­gine con­di­tions of life more sim­il­ar than deep lime­stone cav­erns un­der a nearly sim­il­ar cli­mate; so that, in ac­cord­ance with the old view of the blind an­im­als hav­ing been sep­ar­ately cre­ated for the Amer­ic­an and European cav­erns, very close sim­il­ar­ity in their or­gan­isa­tion and af­fin­it­ies might have been ex­pec­ted. This is cer­tainly not the case if we look at the two whole faunas; with re­spect to the in­sects alone, Schi­odte has re­marked: “We are ac­cord­ingly pre­ven­ted from con­sid­er­ing the en­tire phe­nomen­on in any oth­er light than some­thing purely loc­al, and the sim­il­ar­ity which is ex­hib­ited in a few forms between the Mam­moth Cave (in Ken­tucky) and the caves in Car­ni­ola, oth­er­wise than as a very plain ex­pres­sion of that ana­logy which sub­sists gen­er­ally between the fauna of Europe and of North Amer­ica.” On my view we must sup­pose that Amer­ic­an an­im­als, hav­ing in most cases or­din­ary powers of vis­ion, slowly mi­grated by suc­cess­ive gen­er­a­tions from the out­er world in­to the deep­er and deep­er re­cesses of the Ken­tucky caves, as did European an­im­als in­to the caves of Europe. We have some evid­ence of this grad­a­tion of habit; for, as Schi­odte re­marks: “We ac­cord­ingly look upon the sub­ter­ranean faunas as small rami­fic­a­tions which have pen­et­rated in­to the earth from the geo­graph­ic­ally lim­ited faunas of the ad­ja­cent tracts, and which, as they ex­ten­ded them­selves in­to dark­ness, have been ac­com­mod­ated to sur­round­ing cir­cum­stances. An­im­als not far re­mote from or­din­ary forms pre­pare the trans­ition from light to dark­ness. Next fol­low those that are con­struc­ted for twi­light; and, last of all, those destined for total dark­ness, and whose form­a­tion is quite pe­cu­li­ar.” These re­marks of Schi­odte’s it should be un­der­stood, ap­ply not to the same, but to dis­tinct spe­cies. By the time that an an­im­al had reached, after num­ber­less gen­er­a­tions, the deep­est re­cesses, dis­use will on this view have more or less per­fectly ob­lit­er­ated its eyes, and nat­ur­al se­lec­tion will of­ten have ef­fected oth­er changes, such as an in­crease in the length of the an­ten­nae or palpi, as a com­pens­a­tion for blind­ness. Not­with­stand­ing such modi­fic­a­tions, we might ex­pect still to see in the cave-an­im­als of Amer­ica, af­fin­it­ies to the oth­er in­hab­it­ants of that con­tin­ent, and in those of Europe to the in­hab­it­ants of the European con­tin­ent. And this is the case with some of the Amer­ic­an cave-an­im­als, as I hear from Pro­fess­or Dana; and some of the European cave-in­sects are very closely al­lied to those of the sur­round­ing coun­try. It would be dif­fi­cult to give any ra­tion­al ex­plan­a­tion of the af­fin­it­ies of the blind cave-an­im­als to the oth­er in­hab­it­ants of the two con­tin­ents on the or­din­ary view of their in­de­pend­ent cre­ation. That sev­er­al of the in­hab­it­ants of the caves of the Old and New Worlds should be closely re­lated, we might ex­pect from the well-known re­la­tion­ship of most of their oth­er pro­duc­tions. As a blind spe­cies of Bathy­scia is found in abund­ance on shady rocks far from caves, the loss of vis­ion in the cave spe­cies of this one genus has prob­ably had no re­la­tion to its dark hab­it­a­tion; for it is nat­ur­al that an in­sect already de­prived of vis­ion should read­ily be­come ad­ap­ted to dark cav­erns. An­oth­er blind genus (An­oph­thal­mus) of­fers this re­mark­able pe­cu­li­ar­ity, that the spe­cies, as Mr. Mur­ray ob­serves, have not as yet been found any­where ex­cept in caves; yet those which in­hab­it the sev­er­al caves of Europe and Amer­ica are dis­tinct; but it is pos­sible that the pro­gen­it­ors of these sev­er­al spe­cies, while they were fur­nished with eyes, may formerly have ranged over both con­tin­ents, and then have be­come ex­tinct, ex­cept­ing in their present se­cluded abodes. Far from feel­ing sur­prise that some of the cave-an­im­als should be very an­om­al­ous, as Agassiz has re­marked in re­gard to the blind fish, the Ambly­op­sis, and as is the case with the blind Pro­teus, with ref­er­ence to the rep­tiles of Europe, I am only sur­prised that more wrecks of an­cient life have not been pre­served, ow­ing to the less severe com­pet­i­tion to which the scanty in­hab­it­ants of these dark abodes will have been ex­posed.

			
			
				Acclimatisation

				Habit is hered­it­ary with plants, as in the peri­od of flower­ing, in the time of sleep, in the amount of rain re­quis­ite for seeds to ger­min­ate, etc., and this leads me to say a few words on ac­cli­mat­isa­tion. As it is ex­tremely com­mon for dis­tinct spe­cies be­long­ing to the same genus to in­hab­it hot and cold coun­tries, if it be true that all the spe­cies of the same genus are des­cen­ded from a single par­ent-form, ac­cli­mat­isa­tion must be read­ily ef­fected dur­ing a long course of des­cent. It is no­tori­ous that each spe­cies is ad­ap­ted to the cli­mate of its own home: spe­cies from an arc­tic or even from a tem­per­ate re­gion can­not en­dure a trop­ic­al cli­mate, or con­versely. So again, many suc­cu­lent plants can­not en­dure a damp cli­mate. But the de­gree of ad­apt­a­tion of spe­cies to the cli­mates un­der which they live is of­ten over­rated. We may in­fer this from our fre­quent in­ab­il­ity to pre­dict wheth­er or not an im­por­ted plant will en­dure our cli­mate, and from the num­ber of plants and an­im­als brought from dif­fer­ent coun­tries which are here per­fectly healthy. We have reas­on to be­lieve that spe­cies in a state of nature are closely lim­ited in their ranges by the com­pet­i­tion of oth­er or­gan­ic be­ings quite as much as, or more than, by ad­apt­a­tion to par­tic­u­lar cli­mates. But wheth­er or not this ad­apt­a­tion is in most cases very close, we have evid­ence with some few plants, of their be­com­ing, to a cer­tain ex­tent, nat­ur­ally ha­bitu­ated to dif­fer­ent tem­per­at­ures; that is, they be­come ac­cli­mat­ised: thus the pines and rhodo­den­drons, raised from seed col­lec­ted by Dr. Hook­er from the same spe­cies grow­ing at dif­fer­ent heights on the Hi­m­alay­as, were found to pos­sess in this coun­try dif­fer­ent con­sti­tu­tion­al powers of res­ist­ing cold. Mr. Thwaites in­forms me that he has ob­served sim­il­ar facts in Ceylon; ana­log­ous ob­ser­va­tions have been made by Mr. H. C. Wat­son on European spe­cies of plants brought from the Azores to Eng­land; and I could give oth­er cases. In re­gard to an­im­als, sev­er­al au­then­t­ic in­stances could be ad­duced of spe­cies hav­ing largely ex­ten­ded, with­in his­tor­ic­al times, their range from warm­er to colder lat­it­udes, and con­versely; but we do not pos­it­ively know that these an­im­als were strictly ad­ap­ted to their nat­ive cli­mate, though in all or­din­ary cases we as­sume such to be the case; nor do we know that they have sub­sequently be­come spe­cially ac­cli­mat­ised to their new homes, so as to be bet­ter fit­ted for them than they were at first.

				As we may in­fer that our do­mest­ic an­im­als were ori­gin­ally chosen by un­civ­il­ised man be­cause they were use­ful, and be­cause they bred read­ily un­der con­fine­ment, and not be­cause they were sub­sequently found cap­able of far-ex­ten­ded trans­port­a­tion, the com­mon and ex­traordin­ary ca­pa­city in our do­mest­ic an­im­als of not only with­stand­ing the most dif­fer­ent cli­mates, but of be­ing per­fectly fer­tile (a far severer test) un­der them, may be used as an ar­gu­ment that a large pro­por­tion of oth­er an­im­als now in a state of nature could eas­ily be brought to bear widely dif­fer­ent cli­mates. We must not, how­ever, push the fore­go­ing ar­gu­ment too far, on ac­count of the prob­able ori­gin of some of our do­mest­ic an­im­als from sev­er­al wild stocks: the blood, for in­stance, of a trop­ic­al and arc­tic wolf may per­haps be mingled in our do­mest­ic breeds. The rat and mouse can­not be con­sidered as do­mest­ic an­im­als, but they have been trans­por­ted by man to many parts of the world, and now have a far wider range than any oth­er ro­dent; for they live un­der the cold cli­mate of Faroe in the north and of the Falk­lands in the south, and on many an is­land in the tor­rid zones. Hence ad­apt­a­tion to any spe­cial cli­mate may be looked at as a qual­ity read­ily graf­ted on an in­nate wide flex­ib­il­ity of con­sti­tu­tion, com­mon to most an­im­als. On this view, the ca­pa­city of en­dur­ing the most dif­fer­ent cli­mates by man him­self and by his do­mest­ic an­im­als, and the fact of the ex­tinct ele­phant and rhino­cer­os hav­ing formerly en­dured a gla­cial cli­mate, where­as the liv­ing spe­cies are now all trop­ic­al or sub­trop­ic­al in their habits, ought not to be looked at as an­om­alies, but as ex­amples of a very com­mon flex­ib­il­ity of con­sti­tu­tion, brought, un­der pe­cu­li­ar cir­cum­stances, in­to ac­tion.

				How much of the ac­cli­mat­isa­tion of spe­cies to any pe­cu­li­ar cli­mate is due to mere habit, and how much to the nat­ur­al se­lec­tion of vari­et­ies hav­ing dif­fer­ent in­nate con­sti­tu­tions, and how much to both means com­bined, is an ob­scure ques­tion. That habit or cus­tom has some in­flu­ence, I must be­lieve, both from ana­logy and from the in­cess­ant ad­vice giv­en in ag­ri­cul­tur­al works, even in the an­cient En­cyc­lo­pae­di­as of China, to be very cau­tious in trans­port­ing an­im­als from one dis­trict to an­oth­er. And as it is not likely that man should have suc­ceeded in se­lect­ing so many breeds and sub-breeds with con­sti­tu­tions spe­cially fit­ted for their own dis­tricts, the res­ult must, I think, be due to habit. On the oth­er hand, nat­ur­al se­lec­tion would in­ev­it­ably tend to pre­serve those in­di­vidu­als which were born with con­sti­tu­tions best ad­ap­ted to any coun­try which they in­hab­ited. In treat­ises on many kinds of cul­tiv­ated plants, cer­tain vari­et­ies are said to with­stand cer­tain cli­mates bet­ter than oth­ers; this is strik­ingly shown in works on fruit-trees pub­lished in the United States, in which cer­tain vari­et­ies are ha­bitu­ally re­com­men­ded for the north­ern and oth­ers for the south­ern states; and as most of these vari­et­ies are of re­cent ori­gin, they can­not owe their con­sti­tu­tion­al dif­fer­ences to habit. The case of the Jer­u­s­alem ar­tichoke, which is nev­er propag­ated in Eng­land by seed, and of which, con­sequently, new vari­et­ies have not been pro­duced, has even been ad­vanced, as prov­ing that ac­cli­mat­isa­tion can­not be ef­fected, for it is now as tender as ever it was! The case, also, of the kid­ney-bean has been of­ten cited for a sim­il­ar pur­pose, and with much great­er weight; but un­til some one will sow, dur­ing a score of gen­er­a­tions, his kid­ney-beans so early that a very large pro­por­tion are des­troyed by frost, and then col­lect seed from the few sur­viv­ors, with care to pre­vent ac­ci­dent­al crosses, and then again get seed from these seed­lings, with the same pre­cau­tions, the ex­per­i­ment can­not be said to have been even tried. Nor let it be sup­posed that dif­fer­ences in the con­sti­tu­tion of seed­ling kid­ney-beans nev­er ap­pear, for an ac­count has been pub­lished how much more hardy some seed­lings are than oth­ers; and of this fact I have my­self ob­served strik­ing in­stances.

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

			
			
				Correlated Variation

				I mean by this ex­pres­sion that the whole or­gan­isa­tion is so tied to­geth­er, dur­ing its growth and de­vel­op­ment, that when slight vari­ations in any one part oc­cur and are ac­cu­mu­lated through nat­ur­al se­lec­tion, oth­er parts be­come mod­i­fied. This is a very im­port­ant sub­ject, most im­per­fectly un­der­stood, and no doubt wholly dif­fer­ent classes of facts may be here eas­ily con­foun­ded to­geth­er. We shall presently see that simple in­her­it­ance of­ten gives the false ap­pear­ance of cor­rel­a­tion. One of the most ob­vi­ous real cases is, that vari­ations of struc­ture arising in the young or lar­vae nat­ur­ally tend to af­fect the struc­ture of the ma­ture an­im­al. The sev­er­al parts which are ho­mo­log­ous, and which, at an early em­bryon­ic peri­od, are identic­al in struc­ture, and which are ne­ces­sar­ily ex­posed to sim­il­ar con­di­tions, seem em­in­ently li­able to vary in a like man­ner: we see this in the right and left sides of the body vary­ing in the same man­ner; in the front and hind legs, and even in the jaws and limbs, vary­ing to­geth­er, for the lower jaw is be­lieved by some ana­tom­ists to be ho­mo­log­ous with the limbs. These tend­en­cies, I do not doubt, may be mastered more or less com­pletely by nat­ur­al se­lec­tion: thus a fam­ily of stags once ex­is­ted with an antler only on one side; and if this had been of any great use to the breed, it might prob­ably have been rendered per­man­ent by nat­ur­al se­lec­tion.

				Ho­mo­log­ous parts, as has been re­marked by some au­thors, tend to co­here; this is of­ten seen in mon­strous plants: and noth­ing is more com­mon than the uni­on of ho­mo­log­ous parts in nor­mal struc­tures, as in the uni­on of the petals in­to a tube. Hard parts seem to af­fect the form of ad­join­ing soft parts; it is be­lieved by some au­thors that with birds the di­versity in the shape of the pel­vis causes the re­mark­able di­versity in the shape of the kid­neys. Oth­ers be­lieve that the shape of the pel­vis in the hu­man moth­er in­flu­ences by pres­sure the shape of the head of the child. In snakes, ac­cord­ing to Schle­gel, the shape of the body and the man­ner of swal­low­ing de­term­ine the po­s­i­tion and form of sev­er­al of the most im­port­ant vis­cera.

				The nature of the bond is fre­quently quite ob­scure. M. Is. Geof­froy St. Hil­aire has for­cibly re­marked that cer­tain mal­con­form­a­tions fre­quently, and that oth­ers rarely, co­ex­ist without our be­ing able to as­sign any reas­on. What can be more sin­gu­lar than the re­la­tion in cats between com­plete white­ness and blue eyes with deaf­ness, or between the tor­toise­shell col­our and the fe­male sex; or in pi­geons, between their feathered feet and skin betwixt the out­er toes, or between the pres­ence of more or less down on the young pi­geon when first hatched, with the fu­ture col­our of its plumage; or, again, the re­la­tion between the hair and the teeth in the na­ked Turk­ish dog, though here no doubt ho­mo­logy comes in­to play? With re­spect to this lat­ter case of cor­rel­a­tion, I think it can hardly be ac­ci­dent­al that the two or­ders of mam­mals which are most ab­nor­mal in their dermal cov­er­ing, viz., Ceta­cea (whales) and Edentata (ar­ma­dilloes, scaly anteat­ers, etc.), are like­wise on the whole the most ab­nor­mal in their teeth, but there are so many ex­cep­tions to this rule, as Mr. Mivart has re­marked, that it has little value.

				I know of no case bet­ter ad­ap­ted to show the im­port­ance of the laws of cor­rel­a­tion and vari­ation, in­de­pend­ently of util­ity, and there­fore of nat­ur­al se­lec­tion, than that of the dif­fer­ence between the out­er and in­ner flowers in some Com­pos­it­ous and Um­bel­li­fer­ous plants. Every­one is fa­mil­i­ar with the dif­fer­ence between the ray and cent­ral florets of, for in­stance, the daisy, and this dif­fer­ence is of­ten ac­com­pan­ied with the par­tial or com­plete abor­tion of the re­pro­duct­ive or­gans. But in some of these plants the seeds also dif­fer in shape and sculp­ture. These dif­fer­ences have some­times been at­trib­uted to the pres­sure of the in­vol­uc­ra on the florets, or to their mu­tu­al pres­sure, and the shape of the seeds in the ray-florets of some Com­pos­it­ae coun­ten­ances this idea; but with the Um­bel­lifer­ae it is by no means, as Dr. Hook­er in­forms me, the spe­cies with the densest heads which most fre­quently dif­fer in their in­ner and out­er flowers. It might have been thought that the de­vel­op­ment of the ray-petals, by draw­ing nour­ish­ment from the re­pro­duct­ive or­gans causes their abor­tion; but this can hardly be the sole case, for in some Com­pos­it­ae the seeds of the out­er and in­ner florets dif­fer, without any dif­fer­ence in the co­rolla. Pos­sibly these sev­er­al dif­fer­ences may be con­nec­ted with the dif­fer­ent flow of nu­tri­ment to­wards the cent­ral and ex­tern­al flowers. We know, at least, that with ir­reg­u­lar flowers those nearest to the ax­is are most sub­ject to pelor­ia, that is to be­come ab­nor­mally sym­met­ric­al. I may add, as an in­stance of this fact, and as a strik­ing case of cor­rel­a­tion, that in many pelar­goni­ums the two up­per petals in the cent­ral flower of the truss of­ten lose their patches of dark­er col­our; and when this oc­curs, the ad­her­ent nec­tary is quite abor­ted, the cent­ral flower thus be­com­ing pelor­ic or reg­u­lar. When the col­our is ab­sent from only one of the two up­per petals, the nec­tary is not quite abor­ted but is much shortened.

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

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

			
			
				Compensation and Economy of Growth

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

				I sus­pect, also, that some of the cases of com­pens­a­tion which have been ad­vanced, and like­wise some oth­er facts, may be merged un­der a more gen­er­al prin­ciple, namely, that nat­ur­al se­lec­tion is con­tinu­ally try­ing to eco­nom­ise in every part of the or­gan­isa­tion. If un­der changed con­di­tions of life a struc­ture, be­fore use­ful, be­comes less use­ful, its di­minu­tion will be fa­voured, for it will profit the in­di­vidu­al not to have its nu­tri­ment wasted in build­ing up a use­less struc­ture. I can thus only un­der­stand a fact with which I was much struck when ex­amin­ing cir­ri­pedes, and of which many oth­er in­stances could be giv­en: namely, that when a cir­ri­pede is para­sit­ic with­in an­oth­er cir­ri­pede and is thus pro­tec­ted, it loses more or less com­pletely its own shell or car­a­pace. This is the case with the male Ibla, and in a truly ex­traordin­ary man­ner with the Pro­teo­le­pas: for the car­a­pace in all oth­er cir­ri­pedes con­sists of the three highly im­port­ant an­teri­or seg­ments of the head enorm­ously de­veloped, and fur­nished with great nerves and muscles; but in the para­sit­ic and pro­tec­ted Pro­teo­le­pas, the whole an­teri­or part of the head is re­duced to the merest rudi­ment at­tached to the bases of the pre­hensile an­ten­nae. Now the sav­ing of a large and com­plex struc­ture, when rendered su­per­flu­ous, would be a de­cided ad­vant­age to each suc­cess­ive in­di­vidu­al of the spe­cies; for in the struggle for life to which every an­im­al is ex­posed, each would have a bet­ter chance of sup­port­ing it­self, by less nu­tri­ment be­ing wasted.

				Thus, as I be­lieve, nat­ur­al se­lec­tion will tend in the long run to re­duce any part of the or­gan­isa­tion, as soon as it be­comes, through changed habits, su­per­flu­ous, without by any means caus­ing some oth­er part to be largely de­veloped in a cor­res­pond­ing de­gree. And con­versely, that nat­ur­al se­lec­tion may per­fectly well suc­ceed in largely de­vel­op­ing an or­gan without re­quir­ing as a ne­ces­sary com­pens­a­tion the re­duc­tion of some ad­join­ing part.

			
			
				Multiple, Rudimentary, and Lowly-Organised Structures Are Variable

				It seems to be a rule, as re­marked by Is. Geof­froy St. Hil­aire, both with vari­et­ies and spe­cies, that when any part or or­gan is re­peated many times in the same in­di­vidu­al (as the ver­teb­rae in snakes, and the sta­mens in poly­androus flowers) the num­ber is vari­able; where­as the num­ber of the same part or or­gan, when it oc­curs in less­er num­bers, is con­stant. The same au­thor as well as some bot­an­ists, have fur­ther re­marked that mul­tiple parts are ex­tremely li­able to vary in struc­ture. As “ve­get­at­ive re­pe­ti­tion,” to use Pro­fess­or Owen’s ex­pres­sion, is a sign of low or­gan­isa­tion; the fore­go­ing state­ments ac­cord with the com­mon opin­ion of nat­ur­al­ists, that be­ings which stand low in the scale of nature are more vari­able than those which are high­er. I pre­sume that low­ness here means that the sev­er­al parts of the or­gan­isa­tion have been but little spe­cial­ised for par­tic­u­lar func­tions; and as long as the same part has to per­form di­ver­si­fied work, we can per­haps see why it should re­main vari­able, that is, why nat­ur­al se­lec­tion should not have pre­served or re­jec­ted each little de­vi­ation of form so care­fully as when the part has to serve for some one spe­cial pur­pose. In the same way that a knife which has to cut all sorts of things may be of al­most any shape; whilst a tool for some par­tic­u­lar pur­pose must be of some par­tic­u­lar shape. Nat­ur­al se­lec­tion, it should nev­er be for­got­ten, can act solely through and for the ad­vant­age of each be­ing.

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

			
			
				A Part Developed in Any Species in an Extraordinary Degree or Manner, in Comparison with the Same Part in Allied Species, Tends to Be Highly Variable

				Sev­er­al years ago I was much struck by a re­mark to the above ef­fect made by Mr. Wa­ter­house. Pro­fess­or Owen, also, seems to have come to a nearly sim­il­ar con­clu­sion. It is hope­less to at­tempt to con­vince any­one of the truth of the above pro­pos­i­tion without giv­ing the long ar­ray of facts which I have col­lec­ted, and which can­not pos­sibly be here in­tro­duced. I can only state my con­vic­tion that it is a rule of high gen­er­al­ity. I am aware of sev­er­al causes of er­ror, but I hope that I have made due al­low­ances for them. It should be un­der­stood that the rule by no means ap­plies to any part, how­ever un­usu­ally de­veloped, un­less it be un­usu­ally de­veloped in one spe­cies or in a few spe­cies in com­par­is­on with the same part in many closely al­lied spe­cies. Thus, the wing of the bat is a most ab­nor­mal struc­ture in the class of mam­mals; but the rule would not ap­ply here, be­cause the whole group of bats pos­sesses wings; it would ap­ply only if some one spe­cies had wings de­veloped in a re­mark­able man­ner in com­par­is­on with the oth­er spe­cies of the same genus. The rule ap­plies very strongly in the case of sec­ond­ary sexu­al char­ac­ters, when dis­played in any un­usu­al man­ner. The term, sec­ond­ary sexu­al char­ac­ters, used by Hunter, relates to char­ac­ters which are at­tached to one sex, but are not dir­ectly con­nec­ted with the act of re­pro­duc­tion. The rule ap­plies to males and fe­males; but more rarely to fe­males, as they sel­dom of­fer re­mark­able sec­ond­ary sexu­al char­ac­ters. The rule be­ing so plainly ap­plic­able in the case of sec­ond­ary sexu­al char­ac­ters, may be due to the great vari­ab­il­ity of these char­ac­ters, wheth­er or not dis­played in any un­usu­al man­ner—of which fact I think there can be little doubt. But that our rule is not con­fined to sec­ond­ary sexu­al char­ac­ters is clearly shown in the case of herm­aph­rod­ite cir­ri­pedes; I par­tic­u­larly at­ten­ded to Mr. Wa­ter­house’s re­mark, whilst in­vest­ig­at­ing this or­der, and I am fully con­vinced that the rule al­most al­ways holds good. I shall, in a fu­ture work, give a list of all the more re­mark­able cases. I will here give only one, as it il­lus­trates the rule in its largest ap­plic­a­tion. The oper­cu­lar valves of sessile cir­ri­pedes (rock barnacles) are, in every sense of the word, very im­port­ant struc­tures, and they dif­fer ex­tremely little even in dis­tinct gen­era; but in the sev­er­al spe­cies of one genus, Pyr­goma, these valves present a mar­vel­lous amount of di­ver­si­fic­a­tion; the ho­mo­log­ous valves in the dif­fer­ent spe­cies be­ing some­times wholly un­like in shape; and the amount of vari­ation in the in­di­vidu­als of the same spe­cies is so great that it is no ex­ag­ger­a­tion to state that the vari­et­ies of the same spe­cies dif­fer more from each oth­er in the char­ac­ters de­rived from these im­port­ant or­gans, than do the spe­cies be­long­ing to oth­er dis­tinct gen­era.

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

				When we see any part or or­gan de­veloped in a re­mark­able de­gree or man­ner in a spe­cies, the fair pre­sump­tion is that it is of high im­port­ance to that spe­cies: nev­er­the­less it is in this case em­in­ently li­able to vari­ation. Why should this be so? On the view that each spe­cies has been in­de­pend­ently cre­ated, with all its parts as we now see them, I can see no ex­plan­a­tion. But on the view that groups of spe­cies are des­cen­ded from some oth­er spe­cies, and have been mod­i­fied through nat­ur­al se­lec­tion, I think we can ob­tain some light. First let me make some pre­lim­in­ary re­marks. If, in our do­mest­ic an­im­als, any part or the whole an­im­al be neg­lected, and no se­lec­tion be ap­plied, that part (for in­stance, the comb in the Dork­ing fowl) or the whole breed will cease to have a uni­form char­ac­ter: and the breed may be said to be de­gen­er­at­ing. In rudi­ment­ary or­gans, and in those which have been but little spe­cial­ised for any par­tic­u­lar pur­pose, and per­haps in poly­morph­ic groups, we see a nearly par­al­lel case; for in such cases nat­ur­al se­lec­tion either has not or can­not come in­to full play, and thus the or­gan­isa­tion is left in a fluc­tu­at­ing con­di­tion. But what here more par­tic­u­larly con­cerns us is, that those points in our do­mest­ic an­im­als, which at the present time are un­der­go­ing rap­id change by con­tin­ued se­lec­tion, are also em­in­ently li­able to vari­ation. Look at the in­di­vidu­als of the same breed of the pi­geon; and see what a prodi­gious amount of dif­fer­ence there is in the beak of tum­blers, in the beak and wattle of car­ri­ers, in the car­riage and tail of fan­tails, etc., these be­ing the points now mainly at­ten­ded to by Eng­lish fan­ci­ers. Even in the same sub-breed, as in that of the short-faced tum­bler, it is no­tori­ously dif­fi­cult to breed nearly per­fect birds, many de­part­ing widely from the stand­ard. There may truly be said to be a con­stant struggle go­ing on between, on the one hand, the tend­ency to re­ver­sion to a less per­fect state, as well as an in­nate tend­ency to new vari­ations, and, on the oth­er hand, the power of steady se­lec­tion to keep the breed true. In the long run se­lec­tion gains the day, and we do not ex­pect to fail so com­pletely as to breed a bird as coarse as a com­mon tum­bler pi­geon from a good short-faced strain. But as long as se­lec­tion is rap­idly go­ing on, much vari­ab­il­ity in the parts un­der­go­ing modi­fic­a­tion may al­ways be ex­pec­ted.

				Now let us turn to nature. When a part has been de­veloped in an ex­traordin­ary man­ner in any one spe­cies, com­pared with the oth­er spe­cies of the same genus, we may con­clude that this part has un­der­gone an ex­traordin­ary amount of modi­fic­a­tion since the peri­od when the sev­er­al spe­cies branched off from the com­mon pro­gen­it­or of the genus. This peri­od will sel­dom be re­mote in any ex­treme de­gree, as spe­cies rarely en­dure for more than one geo­lo­gic­al peri­od. An ex­traordin­ary amount of modi­fic­a­tion im­plies an un­usu­ally large and long-con­tin­ued amount of vari­ab­il­ity, which has con­tinu­ally been ac­cu­mu­lated by nat­ur­al se­lec­tion for the be­ne­fit of the spe­cies. But as the vari­ab­il­ity of the ex­traordin­ar­ily de­veloped part or or­gan has been so great and long-con­tin­ued with­in a peri­od not ex­cess­ively re­mote, we might, as a gen­er­al rule, still ex­pect to find more vari­ab­il­ity in such parts than in oth­er parts of the or­gan­isa­tion which have re­mained for a much longer peri­od nearly con­stant. And this, I am con­vinced, is the case. That the struggle between nat­ur­al se­lec­tion on the one hand, and the tend­ency to re­ver­sion and vari­ab­il­ity on the oth­er hand, will in the course of time cease; and that the most ab­nor­mally de­veloped or­gans may be made con­stant, I see no reas­on to doubt. Hence, when an or­gan, how­ever ab­nor­mal it may be, has been trans­mit­ted in ap­prox­im­ately the same con­di­tion to many mod­i­fied des­cend­ants, as in the case of the wing of the bat, it must have ex­is­ted, ac­cord­ing to our the­ory, for an im­mense peri­od in nearly the same state; and thus it has come not to be more vari­able than any oth­er struc­ture. It is only in those cases in which the modi­fic­a­tion has been com­par­at­ively re­cent and ex­traordin­ar­ily great that we ought to find the gen­er­at­ive vari­ab­il­ity, as it may be called, still present in a high de­gree. For in this case the vari­ab­il­ity will sel­dom as yet have been fixed by the con­tin­ued se­lec­tion of the in­di­vidu­als vary­ing in the re­quired man­ner and de­gree, and by the con­tin­ued re­jec­tion of those tend­ing to re­vert to a former and less mod­i­fied con­di­tion.

			
			
				Specific Characters More Variable Than Generic Characters

				The prin­ciple dis­cussed un­der the last head­ing may be ap­plied to our present sub­ject. It is no­tori­ous that spe­cif­ic char­ac­ters are more vari­able than gen­er­ic. To ex­plain by a simple ex­ample what is meant: if in a large genus of plants some spe­cies had blue flowers and some had red, the col­our would be only a spe­cif­ic char­ac­ter, and no one would be sur­prised at one of the blue spe­cies vary­ing in­to red, or con­versely; but if all the spe­cies had blue flowers, the col­our would be­come a gen­er­ic char­ac­ter, and its vari­ation would be a more un­usu­al cir­cum­stance. I have chosen this ex­ample be­cause the ex­plan­a­tion which most nat­ur­al­ists would ad­vance is not here ap­plic­able, namely, that spe­cif­ic char­ac­ters are more vari­able than gen­er­ic, be­cause they are taken from parts of less physiolo­gic­al im­port­ance than those com­monly used for classing gen­era. I be­lieve this ex­plan­a­tion is partly, yet only in­dir­ectly, true; I shall, how­ever, have to re­turn to this point in the chapter on Clas­si­fic­a­tion. It would be al­most su­per­flu­ous to ad­duce evid­ence in sup­port of the state­ment, that or­din­ary spe­cif­ic char­ac­ters are more vari­able than gen­er­ic; but with re­spect to im­port­ant char­ac­ters, I have re­peatedly no­ticed in works on nat­ur­al his­tory, that when an au­thor re­marks with sur­prise that some im­port­ant or­gan or part, which is gen­er­ally very con­stant through­out a large group of spe­cies, dif­fers con­sid­er­ably in closely-al­lied spe­cies, it is of­ten vari­able in the in­di­vidu­als of the same spe­cies. And this fact shows that a char­ac­ter, which is gen­er­ally of gen­er­ic value, when it sinks in value and be­comes only of spe­cif­ic value, of­ten be­comes vari­able, though its physiolo­gic­al im­port­ance may re­main the same. Some­thing of the same kind ap­plies to mon­stros­it­ies: at least Is. Geof­froy St. Hil­aire ap­par­ently en­ter­tains no doubt, that the more an or­gan nor­mally dif­fers in the dif­fer­ent spe­cies of the same group, the more sub­ject it is to an­om­alies in the in­di­vidu­als.

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

			
			
				Secondary Sexual Characters Variable

				I think it will be ad­mit­ted by nat­ur­al­ists, without my en­ter­ing on de­tails, that sec­ond­ary sexu­al char­ac­ters are highly vari­able. It will also be ad­mit­ted that spe­cies of the same group dif­fer from each oth­er more widely in their sec­ond­ary sexu­al char­ac­ters, than in oth­er parts of their or­gan­isa­tion; com­pare, for in­stance, the amount of dif­fer­ence between the males of gal­lin­aceous birds, in which sec­ond­ary sexu­al char­ac­ters are strongly dis­played, with the amount of dif­fer­ence between the fe­males. The cause of the ori­gin­al vari­ab­il­ity of these char­ac­ters is not mani­fest; but we can see why they should not have been rendered as con­stant and uni­form as oth­ers, for they are ac­cu­mu­lated by sexu­al se­lec­tion, which is less ri­gid in its ac­tion than or­din­ary se­lec­tion, as it does not en­tail death, but only gives few­er off­spring to the less fa­voured males. Whatever the cause may be of the vari­ab­il­ity of sec­ond­ary sexu­al char­ac­ters, as they are highly vari­able, sexu­al se­lec­tion will have had a wide scope for ac­tion, and may thus have suc­ceeded in giv­ing to the spe­cies of the same group a great­er amount of dif­fer­ence in these than in oth­er re­spects.

				It is a re­mark­able fact, that the sec­ond­ary dif­fer­ences between the two sexes of the same spe­cies are gen­er­ally dis­played in the very same parts of the or­gan­isa­tion in which the spe­cies of the same genus dif­fer from each oth­er. Of this fact I will give in il­lus­tra­tion the first two in­stances which hap­pen to stand on my list; and as the dif­fer­ences in these cases are of a very un­usu­al nature, the re­la­tion can hardly be ac­ci­dent­al. The same num­ber of joints in the tarsi is a char­ac­ter com­mon to very large groups of beetles, but in the En­gid­ae, as West­wood has re­marked, the num­ber var­ies greatly and the num­ber like­wise dif­fers in the two sexes of the same spe­cies. Again in the fos­sor­i­al hy­men­op­tera, the neur­a­tion of the wings is a char­ac­ter of the highest im­port­ance, be­cause com­mon to large groups; but in cer­tain gen­era the neur­a­tion dif­fers in the dif­fer­ent spe­cies, and like­wise in the two sexes of the same spe­cies. Sir J. Lub­bock has re­cently re­marked, that sev­er­al minute crus­ta­ceans of­fer ex­cel­lent il­lus­tra­tions of this law. “In Pon­tella, for in­stance, the sexu­al char­ac­ters are af­forded mainly by the an­teri­or an­ten­nae and by the fifth pair of legs: the spe­cif­ic dif­fer­ences also are prin­cip­ally giv­en by these or­gans.” This re­la­tion has a clear mean­ing on my view: I look at all the spe­cies of the same genus as hav­ing as cer­tainly des­cen­ded from the same pro­gen­it­or, as have the two sexes of any one spe­cies. Con­sequently, whatever part of the struc­ture of the com­mon pro­gen­it­or, or of its early des­cend­ants, be­came vari­able; vari­ations of this part would, it is highly prob­able, be taken ad­vant­age of by nat­ur­al and sexu­al se­lec­tion, in or­der to fit the sev­er­al places in the eco­nomy of nature, and like­wise to fit the two sexes of the same spe­cies to each oth­er, or to fit the males to struggle with oth­er males for the pos­ses­sion of the fe­males.

				Fi­nally, then, I con­clude that the great­er vari­ab­il­ity of spe­cif­ic char­ac­ters, or those which dis­tin­guish spe­cies from spe­cies, than of gen­er­ic char­ac­ters, or those which are pos­sessed by all the spe­cies; that the fre­quent ex­treme vari­ab­il­ity of any part which is de­veloped in a spe­cies in an ex­traordin­ary man­ner in com­par­is­on with the same part in its con­gen­ers; and the slight de­gree of vari­ab­il­ity in a part, how­ever ex­traordin­ar­ily it may be de­veloped, if it be com­mon to a whole group of spe­cies; that the great vari­ab­il­ity of sec­ond­ary sexu­al char­ac­ters and their great dif­fer­ence in closely al­lied spe­cies; that sec­ond­ary sexu­al and or­din­ary spe­cif­ic dif­fer­ences are gen­er­ally dis­played in the same parts of the or­gan­isa­tion, are all prin­ciples closely con­nec­ted to­geth­er. All be­ing mainly due to the spe­cies of the same group be­ing the des­cend­ants of a com­mon pro­gen­it­or, from whom they have in­her­ited much in com­mon, to parts which have re­cently and largely var­ied be­ing more likely still to go on vary­ing than parts which have long been in­her­ited and have not var­ied, to nat­ur­al se­lec­tion hav­ing more or less com­pletely, ac­cord­ing to the lapse of time, over­mastered the tend­ency to re­ver­sion and to fur­ther vari­ab­il­ity, to sexu­al se­lec­tion be­ing less ri­gid than or­din­ary se­lec­tion, and to vari­ations in the same parts hav­ing been ac­cu­mu­lated by nat­ur­al and sexu­al se­lec­tion, and thus hav­ing been ad­ap­ted for sec­ond­ary sexu­al, and for or­din­ary pur­poses.

			
			
				Distinct Species Present Analogous Variations, So That a Variety of One Species Often Assumes a Character Proper to an Allied Species, or Reverts to Some of the Characters of an Early Progenitor

				These pro­pos­i­tions will be most read­ily un­der­stood by look­ing to our do­mest­ic races. The most dis­tinct breeds of the pi­geon, in coun­tries widely apart, present sub-vari­et­ies with re­versed feath­ers on the head, and with feath­ers on the feet, char­ac­ters not pos­sessed by the ab­ori­gin­al rock-pi­geon; these then are ana­log­ous vari­ations in two or more dis­tinct races. The fre­quent pres­ence of four­teen or even six­teen tail-feath­ers in the pout­er may be con­sidered as a vari­ation rep­res­ent­ing the nor­mal struc­ture of an­oth­er race, the fan­tail. I pre­sume that no one will doubt that all such ana­log­ous vari­ations are due to the sev­er­al races of the pi­geon hav­ing in­her­ited from a com­mon par­ent the same con­sti­tu­tion and tend­ency to vari­ation, when ac­ted on by sim­il­ar un­known in­flu­ences. In the ve­get­able king­dom we have a case of ana­log­ous vari­ation, in the en­larged stems, or as com­monly called roots, of the Swedish turnip and rutabaga, plants which sev­er­al bot­an­ists rank as vari­et­ies pro­duced by cul­tiv­a­tion from a com­mon par­ent: if this be not so, the case will then be one of ana­log­ous vari­ation in two so-called dis­tinct spe­cies; and to these a third may be ad­ded, namely, the com­mon turnip. Ac­cord­ing to the or­din­ary view of each spe­cies hav­ing been in­de­pend­ently cre­ated, we should have to at­trib­ute this sim­il­ar­ity in the en­larged stems of these three plants, not to the vera causa of com­munity of des­cent, and a con­sequent tend­ency to vary in a like man­ner, but to three sep­ar­ate yet closely re­lated acts of cre­ation. Many sim­il­ar cases of ana­log­ous vari­ation have been ob­served by Naud­in in the great gourd fam­ily, and by vari­ous au­thors in our cer­eals. Sim­il­ar cases oc­cur­ring with in­sects un­der nat­ur­al con­di­tions have lately been dis­cussed with much abil­ity by Mr. Walsh, who has grouped them un­der his law of equable vari­ab­il­ity.

				With pi­geons, how­ever, we have an­oth­er case, namely, the oc­ca­sion­al ap­pear­ance in all the breeds, of slaty-blue birds with two black bars on the wings, white loins, a bar at the end of the tail, with the out­er feath­ers ex­tern­ally edged near their bases with white. As all these marks are char­ac­ter­ist­ic of the par­ent rock-pi­geon, I pre­sume that no one will doubt that this is a case of re­ver­sion, and not of a new yet ana­log­ous vari­ation ap­pear­ing in the sev­er­al breeds. We may, I think, con­fid­ently come to this con­clu­sion, be­cause, as we have seen, these col­oured marks are em­in­ently li­able to ap­pear in the crossed off­spring of two dis­tinct and dif­fer­ently col­oured breeds; and in this case there is noth­ing in the ex­tern­al con­di­tions of life to cause the re­appear­ance of the slaty-blue, with the sev­er­al marks, bey­ond the in­flu­ence of the mere act of cross­ing on the laws of in­her­it­ance.

				No doubt it is a very sur­pris­ing fact that char­ac­ters should re­appear after hav­ing been lost for many, prob­ably for hun­dreds of gen­er­a­tions. But when a breed has been crossed only once by some oth­er breed, the off­spring oc­ca­sion­ally show for many gen­er­a­tions a tend­ency to re­vert in char­ac­ter to the for­eign breed—some say, for a dozen or even a score of gen­er­a­tions. After twelve gen­er­a­tions, the pro­por­tion of blood, to use a com­mon ex­pres­sion, from one an­cest­or, is only 1 in 2,048; and yet, as we see, it is gen­er­ally be­lieved that a tend­ency to re­ver­sion is re­tained by this rem­nant of for­eign blood. In a breed which has not been crossed, but in which both par­ents have lost some char­ac­ter which their pro­gen­it­or pos­sessed, the tend­ency, wheth­er strong or weak, to re­pro­duce the lost char­ac­ter might, as was formerly re­marked, for all that we can see to the con­trary, be trans­mit­ted for al­most any num­ber of gen­er­a­tions. When a char­ac­ter which has been lost in a breed, re­appears after a great num­ber of gen­er­a­tions, the most prob­able hy­po­thes­is is, not that one in­di­vidu­al sud­denly takes after an an­cest­or re­moved by some hun­dred gen­er­a­tions, but that in each suc­cess­ive gen­er­a­tion the char­ac­ter in ques­tion has been ly­ing lat­ent, and at last, un­der un­known fa­vour­able con­di­tions, is de­veloped. With the barb-pi­geon, for in­stance, which very rarely pro­duces a blue bird, it is prob­able that there is a lat­ent tend­ency in each gen­er­a­tion to pro­duce blue plumage. The ab­stract im­prob­ab­il­ity of such a tend­ency be­ing trans­mit­ted through a vast num­ber of gen­er­a­tions, is not great­er than that of quite use­less or rudi­ment­ary or­gans be­ing sim­il­arly trans­mit­ted. A mere tend­ency to pro­duce a rudi­ment is in­deed some­times thus in­her­ited.

				As all the spe­cies of the same genus are sup­posed to be des­cen­ded from a com­mon pro­gen­it­or, it might be ex­pec­ted that they would oc­ca­sion­ally vary in an ana­log­ous man­ner; so that the vari­et­ies of two or more spe­cies would re­semble each oth­er, or that a vari­ety of one spe­cies would re­semble in cer­tain char­ac­ters an­oth­er and dis­tinct spe­cies, this oth­er spe­cies be­ing, ac­cord­ing to our view, only a well-marked and per­man­ent vari­ety. But char­ac­ters ex­clus­ively due to ana­log­ous vari­ation would prob­ably be of an un­im­port­ant nature, for the pre­ser­va­tion of all func­tion­ally im­port­ant char­ac­ters will have been de­term­ined through nat­ur­al se­lec­tion, in ac­cord­ance with the dif­fer­ent habits of the spe­cies. It might fur­ther be ex­pec­ted that the spe­cies of the same genus would oc­ca­sion­ally ex­hib­it re­ver­sions to long-lost char­ac­ters. As, how­ever, we do not know the com­mon an­cest­or of any nat­ur­al group, we can­not dis­tin­guish between re­ver­sion­ary and ana­log­ous char­ac­ters. If, for in­stance, we did not know that the par­ent rock-pi­geon was not feath­er-footed or turn-crowned, we could not have told, wheth­er such char­ac­ters in our do­mest­ic breeds were re­ver­sions or only ana­log­ous vari­ations; but we might have in­ferred that the blue col­our was a case of re­ver­sion from the num­ber of the mark­ings, which are cor­rel­ated with this tint, and which would not prob­ably have all ap­peared to­geth­er from simple vari­ation. More es­pe­cially we might have in­ferred this from the blue col­our and the sev­er­al marks so of­ten ap­pear­ing when dif­fer­ently col­oured breeds are crossed. Hence, al­though un­der nature it must gen­er­ally be left doubt­ful, what cases are re­ver­sions to formerly ex­ist­ing char­ac­ters, and what are new but ana­log­ous vari­ations, yet we ought, on our the­ory, some­times to find the vary­ing off­spring of a spe­cies as­sum­ing char­ac­ters which are already present in oth­er mem­bers of the same group. And this un­doubtedly is the case.

				The dif­fi­culty in dis­tin­guish­ing vari­able spe­cies is largely due to the vari­et­ies mock­ing, as it were, oth­er spe­cies of the same genus. A con­sid­er­able cata­logue, also, could be giv­en of forms in­ter­me­di­ate between two oth­er forms, which them­selves can only doubt­fully be ranked as spe­cies; and this shows, un­less all these closely al­lied forms be con­sidered as in­de­pend­ently cre­ated spe­cies, that they have in vary­ing as­sumed some of the char­ac­ters of the oth­ers. But the best evid­ence of ana­log­ous vari­ations is af­forded by parts or or­gans which are gen­er­ally con­stant in char­ac­ter, but which oc­ca­sion­ally vary so as to re­semble, in some de­gree, the same part or or­gan in an al­lied spe­cies. I have col­lec­ted a long list of such cases; but here, as be­fore, I lie un­der the great dis­ad­vant­age of not be­ing able to give them. I can only re­peat that such cases cer­tainly oc­cur, and seem to me very re­mark­able.

				I will, how­ever, give one curi­ous and com­plex case, not in­deed as af­fect­ing any im­port­ant char­ac­ter, but from oc­cur­ring in sev­er­al spe­cies of the same genus, partly un­der do­mest­ic­a­tion and partly un­der nature. It is a case al­most cer­tainly of re­ver­sion. The ass some­times has very dis­tinct trans­verse bars on its legs, like those on the legs of a zebra. It has been as­ser­ted that these are plain­est in the foal, and from in­quir­ies which I have made, I be­lieve this to be true. The stripe on the shoulder is some­times double, and is very vari­able in length and out­line. A white ass, but not an al­bino, has been de­scribed without either spin­al or shoulder stripe; and these stripes are some­times very ob­scure, or ac­tu­ally quite lost, in dark-col­oured asses. The koulan of Pal­las is said to have been seen with a double shoulder-stripe. Mr. Blyth has seen a spe­ci­men of the he­mi­o­nus with a dis­tinct shoulder-stripe, though it prop­erly has none; and I have been in­formed by Col­on­el Poole that foals of this spe­cies are gen­er­ally striped on the legs and faintly on the shoulder. The quagga, though so plainly barred like a zebra over the body, is without bars on the legs; but Dr. Gray has figured one spe­ci­men with very dis­tinct zebra-like bars on the hocks.

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

				In the north­w­est part of In­dia the Katty­war breed of horses is so gen­er­ally striped, that, as I hear from Col­on­el Poole, who ex­amined this breed for the In­di­an Gov­ern­ment, a horse without stripes is not con­sidered as purely bred. The spine is al­ways striped; the legs are gen­er­ally barred; and the shoulder-stripe, which is some­times double and some­times treble, is com­mon; the side of the face, moreover, is some­times striped. The stripes are of­ten plain­est in the foal; and some­times quite dis­ap­pear in old horses. Col­on­el Poole has seen both gray and bay Katty­war horses striped when first foaled. I have also reas­on to sus­pect, from in­form­a­tion giv­en me by Mr. W. W. Ed­wards, that with the Eng­lish race­horse the spin­al stripe is much com­mon­er in the foal than in the full-grown an­im­al. I have my­self re­cently bred a foal from a bay mare (off­spring of a Turko­man horse and a Flem­ish mare) by a bay Eng­lish race­horse. This foal, when a week old, was marked on its hinder quar­ters and on its fore­head with nu­mer­ous very nar­row, dark, zebra-like bars, and its legs were feebly striped. All the stripes soon dis­ap­peared com­pletely. Without here en­ter­ing on fur­ther de­tails I may state that I have col­lec­ted cases of leg and shoulder stripes in horses of very dif­fer­ent breeds in vari­ous coun­tries from Bri­tain to East­ern China; and from Nor­way in the north to the Malay Ar­chipelago in the south. In all parts of the world these stripes oc­cur far of­ten­est in duns and mouse-duns; by the term dun a large range of col­our is in­cluded, from one between brown and black to a close ap­proach to cream col­our.

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

				Now let us turn to the ef­fects of cross­ing the sev­er­al spe­cies of the horse genus. Rol­lin as­serts that the com­mon mule from the ass and horse is par­tic­u­larly apt to have bars on its legs; ac­cord­ing to Mr. Gos­se, in cer­tain parts of the United States, about nine out of ten mules have striped legs. I once saw a mule with its legs so much striped that any­one might have thought that it was a hy­brid zebra; and Mr. W. C. Mar­tin, in his ex­cel­lent treat­ise on the horse, has giv­en a fig­ure of a sim­il­ar mule. In four col­oured draw­ings, which I have seen, of hy­brids between the ass and zebra, the legs were much more plainly barred than the rest of the body; and in one of them there was a double shoulder-stripe. In Lord Mor­ton’s fam­ous hy­brid, from a chest­nut mare and male quagga, the hy­brid and even the pure off­spring sub­sequently pro­duced from the same mare by a black Ar­a­bi­an sire, were much more plainly barred across the legs than is even the pure quagga. Lastly, and this is an­oth­er most re­mark­able case, a hy­brid has been figured by Dr. Gray (and he in­forms me that he knows of a second case) from the ass and the he­mi­o­nus; and this hy­brid, though the ass only oc­ca­sion­ally has stripes on his legs and the he­mi­o­nus has none and has not even a shoulder-stripe, nev­er­the­less had all four legs barred, and had three short shoulder-stripes, like those on the dun Devon­shire and Welsh ponies, and even had some zebra-like stripes on the sides of its face. With re­spect to this last fact, I was so con­vinced that not even a stripe of col­our ap­pears from what is com­monly called chance, that I was led solely from the oc­cur­rence of the face-stripes on this hy­brid from the ass and he­mi­o­nus to ask Col­on­el Poole wheth­er such face-stripes ever oc­curred in the em­in­ently striped Katty­war breed of horses, and was, as we have seen, answered in the af­firm­at­ive.

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

				He who be­lieves that each equine spe­cies was in­de­pend­ently cre­ated, will, I pre­sume, as­sert that each spe­cies has been cre­ated with a tend­ency to vary, both un­der nature and un­der do­mest­ic­a­tion, in this par­tic­u­lar man­ner, so as of­ten to be­come striped like the oth­er spe­cies of the genus; and that each has been cre­ated with a strong tend­ency, when crossed with spe­cies in­hab­it­ing dis­tant quar­ters of the world, to pro­duce hy­brids re­sem­bling in their stripes, not their own par­ents, but oth­er spe­cies of the genus. To ad­mit this view is, as it seems to me, to re­ject a real for an un­real, or at least for an un­known cause. It makes the works of God a mere mock­ery and de­cep­tion; I would al­most as soon be­lieve with the old and ig­nor­ant cos­mogon­ists, that fossil shells had nev­er lived, but had been cre­ated in stone so as to mock the shells now liv­ing on the sea­shore.

			
			
				Summary

				Our ig­nor­ance of the laws of vari­ation is pro­found. Not in one case out of a hun­dred can we pre­tend to as­sign any reas­on why this or that part has var­ied. But whenev­er we have the means of in­sti­tut­ing a com­par­is­on, the same laws ap­pear to have ac­ted in pro­du­cing the less­er dif­fer­ences between vari­et­ies of the same spe­cies, and the great­er dif­fer­ences between spe­cies of the same genus. Changed con­di­tions gen­er­ally in­duce mere fluc­tu­at­ing vari­ab­il­ity, but some­times they cause dir­ect and def­in­ite ef­fects; and these may be­come strongly marked in the course of time, though we have not suf­fi­cient evid­ence on this head. Habit in pro­du­cing con­sti­tu­tion­al pe­cu­li­ar­it­ies, and use in strength­en­ing, and dis­use in weak­en­ing and di­min­ish­ing or­gans, ap­pear in many cases to have been po­tent in their ef­fects. Ho­mo­log­ous parts tend to vary in the same man­ner, and ho­mo­log­ous parts tend to co­here. Modi­fic­a­tions in hard parts and in ex­tern­al parts some­times af­fect softer and in­tern­al parts. When one part is largely de­veloped, per­haps it tends to draw nour­ish­ment from the ad­join­ing parts; and every part of the struc­ture which can be saved without det­ri­ment will be saved. Changes of struc­ture at an early age may af­fect parts sub­sequently de­veloped; and many cases of cor­rel­ated vari­ation, the nature of which we are un­able to un­der­stand, un­doubtedly oc­cur. Mul­tiple parts are vari­able in num­ber and in struc­ture, per­haps arising from such parts not hav­ing been closely spe­cial­ised for any par­tic­u­lar func­tion, so that their modi­fic­a­tions have not been closely checked by nat­ur­al se­lec­tion. It fol­lows prob­ably from this same cause, that or­gan­ic be­ings low in the scale are more vari­able than those stand­ing high­er in the scale, and which have their whole or­gan­isa­tion more spe­cial­ised. Rudi­ment­ary or­gans, from be­ing use­less, are not reg­u­lated by nat­ur­al se­lec­tion, and hence are vari­able. Spe­cif­ic char­ac­ters—that is, the char­ac­ters which have come to dif­fer since the sev­er­al spe­cies of the same genus branched off from a com­mon par­ent—are more vari­able than gen­er­ic char­ac­ters, or those which have long been in­her­ited, and have not differed with­in this same peri­od. In these re­marks we have re­ferred to spe­cial parts or or­gans be­ing still vari­able, be­cause they have re­cently var­ied and thus come to dif­fer; but we have also seen in the second chapter that the same prin­ciple ap­plies to the whole in­di­vidu­al; for in a dis­trict where many spe­cies of a genus are found—that is, where there has been much former vari­ation and dif­fer­en­ti­ation, or where the man­u­fact­ory of new spe­cif­ic forms has been act­ively at work—in that dis­trict and among these spe­cies, we now find, on an av­er­age, most vari­et­ies. Sec­ond­ary sexu­al char­ac­ters are highly vari­able, and such char­ac­ters dif­fer much in the spe­cies of the same group. Vari­ab­il­ity in the same parts of the or­gan­isa­tion has gen­er­ally been taken ad­vant­age of in giv­ing sec­ond­ary sexu­al dif­fer­ences to the two sexes of the same spe­cies, and spe­cif­ic dif­fer­ences to the sev­er­al spe­cies of the same genus. Any part or or­gan de­veloped to an ex­traordin­ary size or in an ex­traordin­ary man­ner, in com­par­is­on with the same part or or­gan in the al­lied spe­cies, must have gone through an ex­traordin­ary amount of modi­fic­a­tion since the genus arose; and thus we can un­der­stand why it should of­ten still be vari­able in a much high­er de­gree than oth­er parts; for vari­ation is a long-con­tin­ued and slow pro­cess, and nat­ur­al se­lec­tion will in such cases not as yet have had time to over­come the tend­ency to fur­ther vari­ab­il­ity and to re­ver­sion to a less mod­i­fied state. But when a spe­cies with an ex­traordin­ar­ily de­veloped or­gan has be­come the par­ent of many mod­i­fied des­cend­ants—which on our view must be a very slow pro­cess, re­quir­ing a long lapse of time—in this case, nat­ur­al se­lec­tion has suc­ceeded in giv­ing a fixed char­ac­ter to the or­gan, in how­ever ex­traordin­ary a man­ner it may have been de­veloped. Spe­cies in­her­it­ing nearly the same con­sti­tu­tion from a com­mon par­ent, and ex­posed to sim­il­ar in­flu­ences, nat­ur­ally tend to present ana­log­ous vari­ations, or these same spe­cies may oc­ca­sion­ally re­vert to some of the char­ac­ters of their an­cient pro­gen­it­ors. Al­though new and im­port­ant modi­fic­a­tions may not arise from re­ver­sion and ana­log­ous vari­ation, such modi­fic­a­tions will add to the beau­ti­ful and har­mo­ni­ous di­versity of nature.

				Whatever the cause may be of each slight dif­fer­ence between the off­spring and their par­ents—and a cause for each must ex­ist—we have reas­on to be­lieve that it is the steady ac­cu­mu­la­tion of be­ne­fi­cial dif­fer­ences which has giv­en rise to all the more im­port­ant modi­fic­a­tions of struc­ture in re­la­tion to the habits of each spe­cies.

			
		
	
		
			
				VI

				Dif­fi­culties of the The­ory

			
			Long be­fore the read­er has ar­rived at this part of my work, a crowd of dif­fi­culties will have oc­curred to him. Some of them are so ser­i­ous that to this day I can hardly re­flect on them without be­ing in some de­gree staggered; but, to the best of my judg­ment, the great­er num­ber are only ap­par­ent, and those that are real are not, I think, fatal to the the­ory.

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

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

			Thirdly, can in­stincts be ac­quired and mod­i­fied through nat­ur­al se­lec­tion? What shall we say to the in­stinct which leads the bee to make cells, and which has prac­tic­ally an­ti­cip­ated the dis­cov­er­ies of pro­found math­em­aticians?

			Fourthly, how can we ac­count for spe­cies, when crossed, be­ing sterile and pro­du­cing sterile off­spring, where­as, when vari­et­ies are crossed, their fer­til­ity is un­im­paired?

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

			
				On the Absence or Rarity of Transitional Varieties

				As nat­ur­al se­lec­tion acts solely by the pre­ser­va­tion of prof­it­able modi­fic­a­tions, each new form will tend in a fully-stocked coun­try to take the place of, and fi­nally to ex­term­in­ate, its own less im­proved par­ent-form and oth­er less-fa­voured forms with which it comes in­to com­pet­i­tion. Thus ex­tinc­tion and nat­ur­al se­lec­tion go hand in hand. Hence, if we look at each spe­cies as des­cen­ded from some un­known form, both the par­ent and all the trans­ition­al vari­et­ies will gen­er­ally have been ex­term­in­ated by the very pro­cess of the form­a­tion and per­fec­tion of the new form.

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

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

				In the first place we should be ex­tremely cau­tious in in­fer­ring, be­cause an area is now con­tinu­ous, that it has been con­tinu­ous dur­ing a long peri­od. Geo­logy would lead us to be­lieve that most con­tin­ents have been broken up in­to is­lands even dur­ing the later ter­tiary peri­ods; and in such is­lands dis­tinct spe­cies might have been sep­ar­ately formed without the pos­sib­il­ity of in­ter­me­di­ate vari­et­ies ex­ist­ing in the in­ter­me­di­ate zones. By changes in the form of the land and of cli­mate, mar­ine areas now con­tinu­ous must of­ten have ex­is­ted with­in re­cent times in a far less con­tinu­ous and uni­form con­di­tion than at present. But I will pass over this way of es­cap­ing from the dif­fi­culty; for I be­lieve that many per­fectly defined spe­cies have been formed on strictly con­tinu­ous areas; though I do not doubt that the formerly broken con­di­tion of areas now con­tinu­ous, has played an im­port­ant part in the form­a­tion of new spe­cies, more es­pe­cially with freely-cross­ing and wan­der­ing an­im­als.

				In look­ing at spe­cies as they are now dis­trib­uted over a wide area, we gen­er­ally find them tol­er­ably nu­mer­ous over a large ter­rit­ory, then be­com­ing some­what ab­ruptly rarer and rarer on the con­fines, and fi­nally dis­ap­pear­ing. Hence the neut­ral ter­rit­ory between two rep­res­ent­at­ive spe­cies is gen­er­ally nar­row in com­par­is­on with the ter­rit­ory prop­er to each. We see the same fact in as­cend­ing moun­tains, and some­times it is quite re­mark­able how ab­ruptly, as Al­ph. De Can­dolle has ob­served, a com­mon alpine spe­cies dis­ap­pears. The same fact has been no­ticed by E. For­bes in sound­ing the depths of the sea with the dredge. To those who look at cli­mate and the phys­ic­al con­di­tions of life as the all-im­port­ant ele­ments of dis­tri­bu­tion, these facts ought to cause sur­prise, as cli­mate and height or depth gradu­ate away in­sens­ibly. But when we bear in mind that al­most every spe­cies, even in its met­ro­pol­is, would in­crease im­mensely in num­bers, were it not for oth­er com­pet­ing spe­cies; that nearly all either prey on or serve as prey for oth­ers; in short, that each or­gan­ic be­ing is either dir­ectly or in­dir­ectly re­lated in the most im­port­ant man­ner to oth­er or­gan­ic be­ings—we see that the range of the in­hab­it­ants of any coun­try by no means ex­clus­ively de­pends on in­sens­ibly chan­ging phys­ic­al con­di­tions, but in large part on the pres­ence of oth­er spe­cies, on which it lives, or by which it is des­troyed, or with which it comes in­to com­pet­i­tion; and as these spe­cies are already defined ob­jects, not blend­ing one in­to an­oth­er by in­sens­ible grad­a­tions, the range of any one spe­cies, de­pend­ing as it does on the range of oth­ers, will tend to be sharply defined. Moreover, each spe­cies on the con­fines of its range, where it ex­ists in lessened num­bers, will, dur­ing fluc­tu­ations in the num­ber of its en­emies or of its prey, or in the nature of the sea­sons, be ex­tremely li­able to ut­ter ex­term­in­a­tion; and thus its geo­graph­ic­al range will come to be still more sharply defined.

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

				For any form ex­ist­ing in less­er num­bers would, as already re­marked, run a great­er chance of be­ing ex­term­in­ated than one ex­ist­ing in large num­bers; and in this par­tic­u­lar case the in­ter­me­di­ate form would be em­in­ently li­able to the in­roads of closely al­lied forms ex­ist­ing on both sides of it. But it is a far more im­port­ant con­sid­er­a­tion, that dur­ing the pro­cess of fur­ther modi­fic­a­tion, by which two vari­et­ies are sup­posed to be con­ver­ted and per­fec­ted in­to two dis­tinct spe­cies, the two which ex­ist in lar­ger num­bers, from in­hab­it­ing lar­ger areas, will have a great ad­vant­age over the in­ter­me­di­ate vari­ety, which ex­ists in smal­ler num­bers in a nar­row and in­ter­me­di­ate zone. For forms ex­ist­ing in lar­ger num­bers will have a bet­ter chance, with­in any giv­en peri­od, of present­ing fur­ther fa­vour­able vari­ations for nat­ur­al se­lec­tion to seize on, than will the rarer forms which ex­ist in less­er num­bers. Hence, the more com­mon forms, in the race for life, will tend to beat and sup­plant the less com­mon forms, for these will be more slowly mod­i­fied and im­proved. It is the same prin­ciple which, as I be­lieve, ac­counts for the com­mon spe­cies in each coun­try, as shown in the second chapter, present­ing on an av­er­age a great­er num­ber of well-marked vari­et­ies than do the rarer spe­cies. I may il­lus­trate what I mean by sup­pos­ing three vari­et­ies of sheep to be kept, one ad­ap­ted to an ex­tens­ive moun­tain­ous re­gion; a second to a com­par­at­ively nar­row, hilly tract; and a third to the wide plains at the base; and that the in­hab­it­ants are all try­ing with equal stead­i­ness and skill to im­prove their stocks by se­lec­tion; the chances in this case will be strongly in fa­vour of the great hold­ers on the moun­tains or on the plains im­prov­ing their breeds more quickly than the small hold­ers on the in­ter­me­di­ate nar­row, hilly tract; and con­sequently the im­proved moun­tain or plain breed will soon take the place of the less im­proved hill breed; and thus the two breeds, which ori­gin­ally ex­is­ted in great­er num­bers, will come in­to close con­tact with each oth­er, without the in­ter­pos­i­tion of the sup­planted, in­ter­me­di­ate hill vari­ety.

				To sum up, I be­lieve that spe­cies come to be tol­er­ably well-defined ob­jects, and do not at any one peri­od present an in­ex­tric­able chaos of vary­ing and in­ter­me­di­ate links: first, be­cause new vari­et­ies are very slowly formed, for vari­ation is a slow pro­cess, and nat­ur­al se­lec­tion can do noth­ing un­til fa­vour­able in­di­vidu­al dif­fer­ences or vari­ations oc­cur, and un­til a place in the nat­ur­al polity of the coun­try can be bet­ter filled by some modi­fic­a­tion of some one or more of its in­hab­it­ants. And such new places will de­pend on slow changes of cli­mate, or on the oc­ca­sion­al im­mig­ra­tion of new in­hab­it­ants, and, prob­ably, in a still more im­port­ant de­gree, on some of the old in­hab­it­ants be­com­ing slowly mod­i­fied, with the new forms thus pro­duced and the old ones act­ing and re­act­ing on each oth­er. So that, in any one re­gion and at any one time, we ought to see only a few spe­cies present­ing slight modi­fic­a­tions of struc­ture in some de­gree per­man­ent; and this as­suredly we do see.

				Secondly, areas now con­tinu­ous must of­ten have ex­is­ted with­in the re­cent peri­od as isol­ated por­tions, in which many forms, more es­pe­cially among the classes which unite for each birth and wander much, may have sep­ar­ately been rendered suf­fi­ciently dis­tinct to rank as rep­res­ent­at­ive spe­cies. In this case, in­ter­me­di­ate vari­et­ies between the sev­er­al rep­res­ent­at­ive spe­cies and their com­mon par­ent, must formerly have ex­is­ted with­in each isol­ated por­tion of the land, but these links dur­ing the pro­cess of nat­ur­al se­lec­tion will have been sup­planted and ex­term­in­ated, so that they will no longer be found in a liv­ing state.

				Thirdly, when two or more vari­et­ies have been formed in dif­fer­ent por­tions of a strictly con­tinu­ous area, in­ter­me­di­ate vari­et­ies will, it is prob­able, at first have been formed in the in­ter­me­di­ate zones, but they will gen­er­ally have had a short dur­a­tion. For these in­ter­me­di­ate vari­et­ies will, from reas­ons already as­signed (namely from what we know of the ac­tu­al dis­tri­bu­tion of closely al­lied or rep­res­ent­at­ive spe­cies, and like­wise of ac­know­ledged vari­et­ies), ex­ist in the in­ter­me­di­ate zones in less­er num­bers than the vari­et­ies which they tend to con­nect. From this cause alone the in­ter­me­di­ate vari­et­ies will be li­able to ac­ci­dent­al ex­term­in­a­tion; and dur­ing the pro­cess of fur­ther modi­fic­a­tion through nat­ur­al se­lec­tion, they will al­most cer­tainly be beaten and sup­planted by the forms which they con­nect; for these, from ex­ist­ing in great­er num­bers will, in the ag­greg­ate, present more vari­et­ies, and thus be fur­ther im­proved through nat­ur­al se­lec­tion and gain fur­ther ad­vant­ages.

				Lastly, look­ing not to any one time, but at all time, if my the­ory be true, num­ber­less in­ter­me­di­ate vari­et­ies, link­ing closely to­geth­er all the spe­cies of the same group, must as­suredly have ex­is­ted; but the very pro­cess of nat­ur­al se­lec­tion con­stantly tends, as has been so of­ten re­marked, to ex­term­in­ate the par­ent forms and the in­ter­me­di­ate links. Con­sequently evid­ence of their former ex­ist­ence could be found only among fossil re­mains, which are pre­served, as we shall at­tempt to show in a fu­ture chapter, in an ex­tremely im­per­fect and in­ter­mit­tent re­cord.

			
			
				On the Origin and Transition of Organic Beings with Peculiar Habits and Structure

				It has been asked by the op­pon­ents of such views as I hold, how, for in­stance, could a land car­ni­vor­ous an­im­al have been con­ver­ted in­to one with aquat­ic habits; for how could the an­im­al in its trans­ition­al state have sub­sisted? It would be easy to show that there now ex­ist car­ni­vor­ous an­im­als present­ing close in­ter­me­di­ate grades from strictly ter­restri­al to aquat­ic habits; and as each ex­ists by a struggle for life, it is clear that each must be well ad­ap­ted to its place in nature. Look at the Mustela vi­s­on of North Amer­ica, which has webbed feet, and which re­sembles an ot­ter in its fur, short legs, and form of tail; dur­ing sum­mer this an­im­al dives for and preys on fish, but dur­ing the long winter it leaves the frozen wa­ters, and preys, like oth­er pole­cats on mice and land an­im­als. If a dif­fer­ent case had been taken, and it had been asked how an in­sect­i­vor­ous quad­ruped could pos­sibly have been con­ver­ted in­to a fly­ing bat, the ques­tion would have been far more dif­fi­cult to an­swer. Yet I think such dif­fi­culties have little weight.

				Here, as on oth­er oc­ca­sions, I lie un­der a heavy dis­ad­vant­age, for, out of the many strik­ing cases which I have col­lec­ted, I can give only one or two in­stances of trans­ition­al habits and struc­tures in al­lied spe­cies; and of di­ver­si­fied habits, either con­stant or oc­ca­sion­al, in the same spe­cies. And it seems to me that noth­ing less than a long list of such cases is suf­fi­cient to lessen the dif­fi­culty in any par­tic­u­lar case like that of the bat.

				Look at the fam­ily of squir­rels; here we have the finest grad­a­tion from an­im­als with their tails only slightly flattened, and from oth­ers, as Sir J. Richard­son has re­marked, with the pos­teri­or part of their bod­ies rather wide and with the skin on their flanks rather full, to the so-called fly­ing squir­rels; and fly­ing squir­rels have their limbs and even the base of the tail united by a broad ex­panse of skin, which serves as a para­chute and al­lows them to glide through the air to an as­ton­ish­ing dis­tance 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 es­cape birds or beasts of prey, or to col­lect food more quickly, or, as there is reas­on to be­lieve, to lessen the danger from oc­ca­sion­al falls. But it does not fol­low from this fact that the struc­ture of each squir­rel is the best that it is pos­sible to con­ceive un­der all pos­sible con­di­tions. Let the cli­mate and ve­get­a­tion change, let oth­er com­pet­ing ro­dents or new beasts of prey im­mig­rate, or old ones be­come mod­i­fied, and all ana­logy would lead us to be­lieve that some, at least, of the squir­rels would de­crease in num­bers or be­come ex­term­in­ated, un­less they also be­come mod­i­fied and im­proved in struc­ture in a cor­res­pond­ing man­ner. There­fore, I can see no dif­fi­culty, more es­pe­cially un­der chan­ging con­di­tions of life, in the con­tin­ued pre­ser­va­tion of in­di­vidu­als with fuller and fuller flank-mem­branes, each modi­fic­a­tion be­ing use­ful, each be­ing propag­ated, un­til, by the ac­cu­mu­lated ef­fects of this pro­cess of nat­ur­al se­lec­tion, a per­fect so-called fly­ing squir­rel was pro­duced.

				Now look at the Ga­leo­pithecus or so-called fly­ing lemur, which was formerly ranked among bats, but is now be­lieved to be­long to the In­sect­ivora. An ex­tremely wide flank-mem­brane stretches from the corners of the jaw to the tail, and in­cludes the limbs with the elong­ated fin­gers. This flank-mem­brane is fur­nished with an ex­tens­or muscle. Al­though no gradu­ated links of struc­ture, fit­ted for glid­ing through the air, now con­nect the Ga­leo­pithecus with the oth­er In­sect­ivora, yet there is no dif­fi­culty in sup­pos­ing that such links formerly ex­is­ted, and that each was de­veloped in the same man­ner as with the less per­fectly glid­ing squir­rels; each grade of struc­ture hav­ing been use­ful to its pos­sessor. Nor can I see any in­su­per­able dif­fi­culty in fur­ther be­liev­ing it pos­sible that the mem­brane-con­nec­ted fin­gers and fore­arm of the Ga­leo­pithecus might have been greatly lengthened by nat­ur­al se­lec­tion; and this, as far as the or­gans of flight are con­cerned, would have con­ver­ted the an­im­al in­to a bat. In cer­tain bats in which the wing-mem­brane ex­tends from the top of the shoulder to the tail and in­cludes the hind-legs, we per­haps see traces of an ap­par­at­us ori­gin­ally fit­ted for glid­ing through the air rather than for flight.

				If about a dozen gen­era of birds were to be­come ex­tinct, who would have ven­tured to sur­mise that birds might have ex­is­ted which used their wings solely as flap­pers, like the log­ger headed duck (Mi­cr­op­ter­us of Eyton); as fins in the wa­ter and as front legs on the land, like the pen­guin; as sails, like the os­trich; and func­tion­ally for no pur­pose, like the apteryx? Yet the struc­ture of each of these birds is good for it, un­der the con­di­tions of life to which it is ex­posed, for each has to live by a struggle: but it is not ne­ces­sar­ily the best pos­sible un­der all pos­sible con­di­tions. It must not be in­ferred from these re­marks that any of the grades of wing-struc­ture here al­luded to, which per­haps may all be the res­ult of dis­use, in­dic­ate the steps by which birds ac­tu­ally ac­quired their per­fect power of flight; but they serve to show what di­ver­si­fied means of trans­ition are at least pos­sible.

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

				When we see any struc­ture highly per­fec­ted for any par­tic­u­lar habit, as the wings of a bird for flight, we should bear in mind that an­im­als dis­play­ing early trans­ition­al grades of the struc­ture will sel­dom have sur­vived to the present day, for they will have been sup­planted by their suc­cessors, which were gradu­ally rendered more per­fect through nat­ur­al se­lec­tion. Fur­ther­more, we may con­clude that trans­ition­al states between struc­tures fit­ted for very dif­fer­ent habits of life will rarely have been de­veloped at an early peri­od in great num­bers and un­der many sub­or­din­ate forms. Thus, to re­turn to our ima­gin­ary il­lus­tra­tion of the fly­ing-fish, it does not seem prob­able that fishes cap­able of true flight would have been de­veloped un­der many sub­or­din­ate forms, for tak­ing prey of many kinds in many ways, on the land and in the wa­ter, un­til their or­gans of flight had come to a high stage of per­fec­tion, so as to have giv­en them a de­cided ad­vant­age over oth­er an­im­als in the battle for life. Hence the chance of dis­cov­er­ing spe­cies with trans­ition­al grades of struc­ture in a fossil con­di­tion will al­ways be less, from their hav­ing ex­is­ted in less­er num­bers, than in the case of spe­cies with fully de­veloped struc­tures.

				I will now give two or three in­stances, both of di­ver­si­fied and of changed habits, in the in­di­vidu­als of the same spe­cies. In either case it would be easy for nat­ur­al se­lec­tion to ad­apt the struc­ture of the an­im­al to its changed habits, or ex­clus­ively to one of its sev­er­al habits. It is, how­ever, dif­fi­cult to de­cide and im­ma­ter­i­al for us, wheth­er habits gen­er­ally change first and struc­ture af­ter­wards; or wheth­er slight modi­fic­a­tions of struc­ture lead to changed habits; both prob­ably of­ten oc­cur­ring al­most sim­ul­tan­eously. Of cases of changed habits it will suf­fice merely to al­lude to that of the many Brit­ish in­sects which now feed on exot­ic plants, or ex­clus­ively on ar­ti­fi­cial sub­stances. Of di­ver­si­fied habits in­nu­mer­able in­stances could be giv­en: I have of­ten watched a tyr­ant flycatch­er (Saur­o­phag­us sul­phuratus) in South Amer­ica, hov­er­ing over one spot and then pro­ceed­ing to an­oth­er, like a kestrel, and at oth­er times stand­ing sta­tion­ary on the mar­gin of wa­ter, and then dash­ing in­to it like a king­fish­er at a fish. In our own coun­try the lar­ger tit­mouse (Parus ma­jor) may be seen climb­ing branches, al­most like a creep­er; it some­times, like a shrike, kills small birds by blows on the head; and I have many times seen and heard it ham­mer­ing the seeds of the yew on a branch, and thus break­ing them like a nuthatch. In North Amer­ica the black bear was seen by Hearne swim­ming for hours with widely open mouth, thus catch­ing, al­most like a whale, in­sects in the wa­ter.

				As we some­times see in­di­vidu­als fol­low­ing habits dif­fer­ent from those prop­er to their spe­cies and to the oth­er spe­cies of the same genus, we might ex­pect that such in­di­vidu­als would oc­ca­sion­ally give rise to new spe­cies, hav­ing an­om­al­ous habits, and with their struc­ture either slightly or con­sid­er­ably mod­i­fied from that of their type. And such in­stances oc­cur in nature. Can a more strik­ing in­stance of ad­apt­a­tion be giv­en than that of a wood­peck­er for climb­ing trees and seiz­ing in­sects in the chinks of the bark? Yet in North Amer­ica there are wood­peck­ers which feed largely on fruit, and oth­ers with elong­ated wings which chase in­sects on the wing. On the plains of La Plata, where hardly a tree grows, there is a wood­peck­er (Col­aptes campestris) which has two toes be­fore and two be­hind, a long-poin­ted tongue, poin­ted tail-feath­ers, suf­fi­ciently stiff to sup­port the bird in a ver­tic­al po­s­i­tion on a post, but not so stiff as in the typ­ic­al wood­peck­ers, and a straight, strong beak. The beak, how­ever, is not so straight or so strong as in the typ­ic­al wood­peck­ers but it is strong enough to bore in­to wood. Hence this Col­aptes, in all the es­sen­tial parts of its struc­ture, is a wood­peck­er. Even in such tri­fling char­ac­ters as the col­our­ing, the harsh tone of the voice, and un­du­lat­ory flight, its close blood-re­la­tion­ship to our com­mon wood­peck­er is plainly de­clared; yet, as I can as­sert, not only from my own ob­ser­va­tions, but from those of the ac­cur­ate Az­ara, in cer­tain large dis­tricts it does not climb trees, and it makes its nest in holes in banks! In cer­tain oth­er dis­tricts, how­ever, this same wood­peck­er, as Mr. Hud­son states, fre­quents trees, and bores holes in the trunk for its nest. I may men­tion as an­oth­er il­lus­tra­tion of the var­ied habits of this genus, that a Mex­ic­an Col­aptes has been de­scribed by De Saus­sure as bor­ing holes in­to hard wood in or­der to lay up a store of acorns.

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

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

				He who be­lieves in sep­ar­ate and in­nu­mer­able acts of cre­ation may say, that in these cases it has pleased the Cre­at­or to cause a be­ing of one type to take the place of one be­long­ing to an­oth­er type; but this seems to me only re­stat­ing the fact in dig­ni­fied lan­guage. He who be­lieves in the struggle for ex­ist­ence and in the prin­ciple of nat­ur­al se­lec­tion, will ac­know­ledge that every or­gan­ic be­ing is con­stantly en­deav­our­ing to in­crease in num­bers; and that if any one be­ing var­ies ever so little, either in habits or struc­ture, and thus gains an ad­vant­age over some oth­er in­hab­it­ant of the same coun­try, it will seize on the place of that in­hab­it­ant, how­ever dif­fer­ent that may be from its own place. Hence it will cause him no sur­prise that there should be geese and frig­ate-birds with webbed feet, liv­ing on the dry land and rarely alight­ing on the wa­ter, that there should be long-toed corncrakes, liv­ing in mead­ows in­stead of in swamps; that there should be wood­peck­ers where hardly a tree grows; that there should be diving thrushes and diving Hy­men­op­tera, and pet­rels with the habits of auks.

			
			
				Organs of Extreme Perfection and Complication

				To sup­pose that the eye with all its in­im­it­able con­triv­ances for ad­just­ing the fo­cus to dif­fer­ent dis­tances, for ad­mit­ting dif­fer­ent amounts of light, and for the cor­rec­tion of spher­ic­al and chro­mat­ic ab­er­ra­tion, could have been formed by nat­ur­al se­lec­tion, seems, I freely con­fess, ab­surd in the highest de­gree. When it was first said that the sun stood still and the world turned round, the com­mon sense of man­kind de­clared the doc­trine false; but the old say­ing of Vox pop­uli, vox Dei, as every philo­soph­er knows, can­not be trus­ted in sci­ence. Reas­on tells me, that if nu­mer­ous grad­a­tions from a simple and im­per­fect eye to one com­plex and per­fect can be shown to ex­ist, each grade be­ing use­ful to its pos­sessor, as is cer­tainly the case; if fur­ther, the eye ever var­ies and the vari­ations be in­her­ited, as is like­wise cer­tainly the case; and if such vari­ations should be use­ful to any an­im­al un­der chan­ging con­di­tions of life, then the dif­fi­culty of be­liev­ing that a per­fect and com­plex eye could be formed by nat­ur­al se­lec­tion, though in­su­per­able by our ima­gin­a­tion, should not be con­sidered as sub­vers­ive of the the­ory. How a nerve comes to be sens­it­ive to light, hardly con­cerns us more than how life it­self ori­gin­ated; but I may re­mark that, as some of the low­est or­gan­isms in which nerves can­not be de­tec­ted, are cap­able of per­ceiv­ing light, it does not seem im­possible that cer­tain sens­it­ive ele­ments in their sar­code should be­come ag­greg­ated and de­veloped in­to nerves, en­dowed with this spe­cial sens­ib­il­ity.

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

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

				In the great class of the Ar­tic­u­lata, we may start from an op­tic nerve simply coated with pig­ment, the lat­ter some­times form­ing a sort of pu­pil, but des­ti­tute of lens or oth­er op­tic­al con­triv­ance. With in­sects it is now known that the nu­mer­ous fa­cets on the cornea of their great com­pound eyes form true lenses, and that the cones in­clude curi­ously mod­i­fied nervous fil­a­ments. But these or­gans in the Ar­tic­u­lata are so much di­ver­si­fied that Muller formerly made three main classes with sev­en sub­di­vi­sions, be­sides a fourth main class of ag­greg­ated simple eyes.

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

				He who will go thus far, ought not to hes­it­ate to go one step fur­ther, if he finds on fin­ish­ing this volume that large bod­ies of facts, oth­er­wise in­ex­plic­able, can be ex­plained by the the­ory of modi­fic­a­tion through nat­ur­al se­lec­tion; he ought to ad­mit that a struc­ture even as per­fect as an eagle’s eye might thus be formed, al­though in this case he does not know the trans­ition­al states. It has been ob­jec­ted that in or­der to modi­fy the eye and still pre­serve it as a per­fect in­stru­ment, many changes would have to be ef­fected sim­ul­tan­eously, which, it is as­sumed, could not be done through nat­ur­al se­lec­tion; but as I have at­temp­ted to show in my work on the vari­ation of do­mest­ic an­im­als, it is not ne­ces­sary to sup­pose that the modi­fic­a­tions were all sim­ul­tan­eous, if they were ex­tremely slight and gradu­al. Dif­fer­ent kinds of modi­fic­a­tion would, also, serve for the same gen­er­al pur­pose: as Mr. Wal­lace has re­marked, “If a lens has too short or too long a fo­cus, it may be amended either by an al­ter­a­tion of curvature, or an al­ter­a­tion of dens­ity; if the curvature be ir­reg­u­lar, and the rays do not con­verge to a point, then any in­creased reg­u­lar­ity of curvature will be an im­prove­ment. So the con­trac­tion of the iris and the mus­cu­lar move­ments of the eye are neither of them es­sen­tial to vis­ion, but only im­prove­ments which might have been ad­ded and per­fec­ted at any stage of the con­struc­tion of the in­stru­ment.” With­in the highest di­vi­sion of the an­im­al king­dom, namely, the Ver­teb­rata, we can start from an eye so simple, that it con­sists, as in the lance­let, of a little sack of trans­par­ent skin, fur­nished with a nerve and lined with pig­ment, but des­ti­tute of any oth­er ap­par­at­us. In fishes and rep­tiles, as Owen has re­marked, “The range of grad­a­tion of di­optric struc­tures is very great.” It is a sig­ni­fic­ant fact that even in man, ac­cord­ing to the high au­thor­ity of Virchow, the beau­ti­ful crys­tal­line lens is formed in the em­bryo by an ac­cu­mu­la­tion of epi­derm­ic cells, ly­ing in a sack-like fold of the skin; and the vit­reous body is formed from em­bryon­ic sub­cu­taneous tis­sue. To ar­rive, how­ever, at a just con­clu­sion re­gard­ing the form­a­tion of the eye, with all its mar­vel­lous yet not ab­so­lutely per­fect char­ac­ters, it is in­dis­pens­able that the reas­on should con­quer the ima­gin­a­tion; but I have felt the dif­fi­culty far to keenly to be sur­prised at oth­ers hes­it­at­ing to ex­tend the prin­ciple of nat­ur­al se­lec­tion to so start­ling a length.

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

			
			
				Modes of Transition

				If it could be demon­strated that any com­plex or­gan ex­is­ted, which could not pos­sibly have been formed by nu­mer­ous, suc­cess­ive, slight modi­fic­a­tions, my the­ory would ab­so­lutely break down. But I can find out no such case. No doubt many or­gans ex­ist of which we do not know the trans­ition­al grades, more es­pe­cially if we look to much-isol­ated spe­cies, around which, ac­cord­ing to the the­ory, there has been much ex­tinc­tion. Or again, if we take an or­gan com­mon to all the mem­bers of a class, for in this lat­ter case the or­gan must have been ori­gin­ally formed at a re­mote peri­od, since which all the many mem­bers of the class have been de­veloped; and in or­der to dis­cov­er the early trans­ition­al grades through which the or­gan has passed, we should have to look to very an­cient an­ces­tral forms, long since be­come ex­tinct.

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

				Again, two dis­tinct or­gans, or the same or­gan un­der two very dif­fer­ent forms, may sim­ul­tan­eously per­form in the same in­di­vidu­al the same func­tion, and this is an ex­tremely im­port­ant means of trans­ition: to give one in­stance—there are fish with gills or bran­chi­ae that breathe the air dis­solved in the wa­ter, at the same time that they breathe free air in their swim-blad­ders, this lat­ter or­gan be­ing di­vided by highly vas­cu­lar par­ti­tions and hav­ing a duc­tus pneu­matic­us for the sup­ply of air. To give an­oth­er in­stance from the ve­get­able king­dom: plants climb by three dis­tinct means, by spir­ally twin­ing, by clasp­ing a sup­port with their sens­it­ive tendrils, and by the emis­sion of aer­i­al root­lets; these three means are usu­ally found in dis­tinct groups, but some few spe­cies ex­hib­it two of the means, or even all three, com­bined in the same in­di­vidu­al. In all such cases one of the two or­gans might read­ily be mod­i­fied and per­fec­ted so as to per­form all the work, be­ing aided dur­ing the pro­gress of modi­fic­a­tion by the oth­er or­gan; and then this oth­er or­gan might be mod­i­fied for some oth­er and quite dis­tinct pur­pose, or be wholly ob­lit­er­ated.

				The il­lus­tra­tion of the swim-blad­der in fishes is a good one, be­cause it shows us clearly the highly im­port­ant fact that an or­gan ori­gin­ally con­struc­ted for one pur­pose, namely flot­a­tion, may be con­ver­ted in­to one for a widely dif­fer­ent pur­pose, namely res­pir­a­tion. The swim-blad­der has, also, been worked in as an ac­cess­ory to the aud­it­ory or­gans of cer­tain fishes. All physiolo­gists ad­mit that the swim-blad­der is ho­mo­log­ous, or “ideally sim­il­ar” in po­s­i­tion and struc­ture with the lungs of the high­er ver­teb­rate an­im­als: hence there is no reas­on to doubt that the swim-blad­der has ac­tu­ally been con­ver­ted in­to lungs, or an or­gan used ex­clus­ively for res­pir­a­tion.

				Ac­cord­ing to this view it may be in­ferred that all ver­teb­rate an­im­als with true lungs are des­cen­ded by or­din­ary gen­er­a­tion from an an­cient and un­known pro­to­type which was fur­nished with a float­ing ap­par­at­us or swim-blad­der. We can thus, as I in­fer from Pro­fess­or Owen’s in­ter­est­ing de­scrip­tion of these parts, un­der­stand the strange fact that every particle of food and drink which we swal­low has to pass over the ori­fice of the trachea, with some risk of fall­ing in­to the lungs, not­with­stand­ing the beau­ti­ful con­triv­ance by which the glot­tis is closed. In the high­er Ver­teb­rata the bran­chi­ae have wholly dis­ap­peared—but in the em­bryo the slits on the sides of the neck and the loop-like course of the ar­ter­ies still mark their former po­s­i­tion. But it is con­ceiv­able that the now ut­terly lost bran­chi­ae might have been gradu­ally worked in by nat­ur­al se­lec­tion for some dis­tinct pur­pose: for in­stance, Landois has shown that the wings of in­sects are de­veloped from the trachea; it is there­fore highly prob­able that in this great class or­gans which once served for res­pir­a­tion have been ac­tu­ally con­ver­ted in­to or­gans for flight.

				In con­sid­er­ing trans­itions of or­gans, it is so im­port­ant to bear in mind the prob­ab­il­ity of con­ver­sion from one func­tion to an­oth­er, that I will give an­oth­er in­stance. Ped­uncu­lated cir­ri­pedes have two minute folds of skin, called by me the ovi­ger­ous frena, which serve, through the means of a sticky se­cre­tion, to re­tain the eggs un­til they are hatched with­in the sack. These cir­ri­pedes have no bran­chi­ae, the whole sur­face of the body and of the sack, to­geth­er with the small frena, serving for res­pir­a­tion. The Bal­an­id­ae or sessile cir­ri­pedes, on the oth­er hand, have no ovi­ger­ous frena, the eggs ly­ing loose at the bot­tom of the sack, with­in the well-en­closed shell; but they have, in the same re­l­at­ive po­s­i­tion with the frena, large, much-fol­ded mem­branes, which freely com­mu­nic­ate with the cir­cu­lat­ory la­cunae of the sack and body, and which have been con­sidered by all nat­ur­al­ists to act as bran­chi­ae. Now I think no one will dis­pute that the ovi­ger­ous frena in the one fam­ily are strictly ho­mo­log­ous with the bran­chi­ae of the oth­er fam­ily; in­deed, they gradu­ate in­to each oth­er. There­fore it need not be doubted that the two little folds of skin, which ori­gin­ally served as ovi­ger­ous frena, but which, like­wise, very slightly aided in the act of res­pir­a­tion, have been gradu­ally con­ver­ted by nat­ur­al se­lec­tion in­to bran­chi­ae, simply through an in­crease in their size and the ob­lit­er­a­tion of their ad­hes­ive glands. If all ped­uncu­lated cir­ri­pedes had be­come ex­tinct, and they have suffered far more ex­tinc­tion than have sessile cir­ri­pedes, who would ever have ima­gined that the bran­chi­ae in this lat­ter fam­ily had ori­gin­ally ex­is­ted as or­gans for pre­vent­ing the ova from be­ing washed out of the sack?

				There is an­oth­er pos­sible mode of trans­ition, namely, through the ac­cel­er­a­tion or re­tard­a­tion of the peri­od of re­pro­duc­tion. This has lately been in­sisted on by Pro­fess­or Cope and oth­ers in the United States. It is now known that some an­im­als are cap­able of re­pro­duc­tion at a very early age, be­fore they have ac­quired their per­fect char­ac­ters; and if this power be­came thor­oughly well de­veloped in a spe­cies, it seems prob­able that the adult stage of de­vel­op­ment would soon­er or later be lost; and in this case, es­pe­cially if the larva differed much from the ma­ture form, the char­ac­ter of the spe­cies would be greatly changed and de­graded. Again, not a few an­im­als, after ar­riv­ing at ma­tur­ity, go on chan­ging in char­ac­ter dur­ing nearly their whole lives. With mam­mals, for in­stance, the form of the skull is of­ten much altered with age, of which Dr. Murie has giv­en some strik­ing in­stances with seals. Every­one knows how the horns of stags be­come more and more branched, and the plumes of some birds be­come more finely de­veloped, as they grow older. Pro­fess­or Cope states that the teeth of cer­tain liz­ards change much in shape with ad­van­cing years. With crus­ta­ceans not only many trivi­al, but some im­port­ant parts as­sume a new char­ac­ter, as re­cor­ded by Fritz Muller, after ma­tur­ity. In all such cases—and many could be giv­en—if the age for re­pro­duc­tion were re­tarded, the char­ac­ter of the spe­cies, at least in its adult state, would be mod­i­fied; nor is it im­prob­able that the pre­vi­ous and earli­er stages of de­vel­op­ment would in some cases be hur­ried through and fi­nally lost. Wheth­er spe­cies have of­ten or ever been mod­i­fied through this com­par­at­ively sud­den mode of trans­ition, I can form no opin­ion; but if this has oc­curred, it is prob­able that the dif­fer­ences between the young and the ma­ture, and between the ma­ture and the old, were prim­or­di­ally ac­quired by gradu­ated steps.

			
			
				Special Difficulties of the Theory of Natural Selection

				Al­though we must be ex­tremely cau­tious in con­clud­ing that any or­gan could not have been pro­duced by suc­cess­ive, small, trans­ition­al grad­a­tions, yet un­doubtedly ser­i­ous cases of dif­fi­culty oc­cur.

				One of the most ser­i­ous is that of neu­ter in­sects, which are of­ten dif­fer­ently con­struc­ted from either the males or fer­tile fe­males; but this case will be treated of in the next chapter. The elec­tric or­gans of fishes of­fer an­oth­er case of spe­cial dif­fi­culty; for it is im­possible to con­ceive by what steps these won­drous or­gans have been pro­duced. But this is not sur­pris­ing, for we do not even know of what use they are. In the gym­notus and tor­pedo they no doubt serve as power­ful means of de­fence, and per­haps for se­cur­ing prey; yet in the ray, as ob­served by Mat­teucci, an ana­log­ous or­gan in the tail mani­fests but little elec­tri­city, even when the an­im­al is greatly ir­rit­ated; so little that it can hardly be of any use for the above pur­poses. Moreover, in the ray, be­sides the or­gan just re­ferred to, there is, as Dr. R. Mc­Don­nell has shown, an­oth­er or­gan near the head, not known to be elec­tric­al, but which ap­pears to be the real homo­logue of the elec­tric bat­tery in the tor­pedo. It is gen­er­ally ad­mit­ted that there ex­ists between these or­gans and or­din­ary muscle a close ana­logy, in in­tim­ate struc­ture, in the dis­tri­bu­tion of the nerves, and in the man­ner in which they are ac­ted on by vari­ous re­agents. It should, also, be es­pe­cially ob­served that mus­cu­lar con­trac­tion is ac­com­pan­ied by an elec­tric­al dis­charge; and, as Dr. Rad­cliffe in­sists, “in the elec­tric­al ap­par­at­us of the tor­pedo dur­ing rest, there would seem to be a charge in every re­spect like that which is met with in muscle and nerve dur­ing the rest, and the dis­charge of the tor­pedo, in­stead of be­ing pe­cu­li­ar, may be only an­oth­er form of the dis­charge which at­tends upon the ac­tion of muscle and mo­tor nerve.” Bey­ond this we can­not at present go in the way of ex­plan­a­tion; but as we know so little about the uses of these or­gans, and as we know noth­ing about the habits and struc­ture of the pro­gen­it­ors of the ex­ist­ing elec­tric fishes, it would be ex­tremely bold to main­tain that no ser­vice­able trans­itions are pos­sible by which these or­gans might have been gradu­ally de­veloped.

				These or­gans ap­pear at first to of­fer an­oth­er and far more ser­i­ous dif­fi­culty; for they oc­cur in about a dozen kinds of fish, of which sev­er­al are widely re­mote in their af­fin­it­ies. When the same or­gan is found in sev­er­al mem­bers of the same class, es­pe­cially if in mem­bers hav­ing very dif­fer­ent habits of life, we may gen­er­ally at­trib­ute its pres­ence to in­her­it­ance from a com­mon an­cest­or; and its ab­sence in some of the mem­bers to loss through dis­use or nat­ur­al se­lec­tion. So that, if the elec­tric or­gans had been in­her­ited from some one an­cient pro­gen­it­or, we might have ex­pec­ted that all elec­tric fishes would have been spe­cially re­lated to each oth­er; but this is far from the case. Nor does geo­logy at all lead to the be­lief that most fishes formerly pos­sessed elec­tric or­gans, which their mod­i­fied des­cend­ants have now lost. But when we look at the sub­ject more closely, we find in the sev­er­al fishes provided with elec­tric or­gans, that these are situ­ated in dif­fer­ent parts of the body, that they dif­fer in con­struc­tion, as in the ar­range­ment of the plates, and, ac­cord­ing to Pa­cini, in the pro­cess or means by which the elec­tri­city is ex­cited—and lastly, in be­ing sup­plied with nerves pro­ceed­ing from dif­fer­ent sources, and this is per­haps the most im­port­ant of all the dif­fer­ences. Hence in the sev­er­al fishes fur­nished with elec­tric or­gans, these can­not be con­sidered as ho­mo­log­ous, but only as ana­log­ous in func­tion. Con­sequently there is no reas­on to sup­pose that they have been in­her­ited from a com­mon pro­gen­it­or; for had this been the case they would have closely re­sembled each oth­er in all re­spects. Thus the dif­fi­culty of an or­gan, ap­par­ently the same, arising in sev­er­al re­motely al­lied spe­cies, dis­ap­pears, leav­ing only the less­er yet still great dif­fi­culty: namely, by what gradu­ated steps these or­gans have been de­veloped in each sep­ar­ate group of fishes.

				The lu­min­ous or­gans which oc­cur in a few in­sects, be­long­ing to widely dif­fer­ent fam­il­ies, and which are situ­ated in dif­fer­ent parts of the body, of­fer, un­der our present state of ig­nor­ance, a dif­fi­culty al­most ex­actly par­al­lel with that of the elec­tric or­gans. Oth­er sim­il­ar cases could be giv­en; for in­stance in plants, the very curi­ous con­triv­ance of a mass of pol­len-grains, borne on a foot-stalk with an ad­hes­ive gland, is ap­par­ently the same in Orch­is and As­clepi­as, gen­era al­most as re­mote as is pos­sible among flower­ing plants; but here again the parts are not ho­mo­log­ous. In all cases of be­ings, far re­moved from each oth­er in the scale of or­gan­isa­tion, which are fur­nished with sim­il­ar and pe­cu­li­ar or­gans, it will be found that al­though the gen­er­al ap­pear­ance and func­tion of the or­gans may be the same, yet fun­da­ment­al dif­fer­ences between them can al­ways be de­tec­ted. For in­stance, the eyes of Ceph­alo­pods or cut­tle­fish and of ver­teb­rate an­im­als ap­pear won­der­fully alike; and in such widely sundered groups no part of this re­semb­lance can be due to in­her­it­ance from a com­mon pro­gen­it­or. Mr. Mivart has ad­vanced this case as one of spe­cial dif­fi­culty, but I am un­able to see the force of his ar­gu­ment. An or­gan for vis­ion must be formed of trans­par­ent tis­sue, and must in­clude some sort of lens for throw­ing an im­age at the back of a darkened cham­ber. Bey­ond this su­per­fi­cial re­semb­lance, there is hardly any real sim­il­ar­ity between the eyes of cut­tle­fish and ver­teb­rates, as may be seen by con­sult­ing Hensen’s ad­mir­able mem­oir on these or­gans in the Ceph­alo­poda. It is im­possible for me here to enter on de­tails, but I may spe­cify a few of the points of dif­fer­ence. The crys­tal­line lens in the high­er cut­tle­fish con­sists of two parts, placed one be­hind the oth­er like two lenses, both hav­ing a very dif­fer­ent struc­ture and dis­pos­i­tion to what oc­curs in the ver­teb­rata. The ret­ina is wholly dif­fer­ent, with an ac­tu­al in­ver­sion of the ele­ment­al parts, and with a large nervous gan­gli­on in­cluded with­in the mem­branes of the eye. The re­la­tions of the muscles are as dif­fer­ent as it is pos­sible to con­ceive, and so in oth­er points. Hence it is not a little dif­fi­cult to de­cide how far even the same terms ought to be em­ployed in de­scrib­ing the eyes of the Ceph­alo­poda and Ver­teb­rata. It is, of course, open to any­one to deny that the eye in either case could have been de­veloped through the nat­ur­al se­lec­tion of suc­cess­ive slight vari­ations; but if this be ad­mit­ted in the one case it is clearly pos­sible in the oth­er; and fun­da­ment­al dif­fer­ences of struc­ture in the visu­al or­gans of two groups might have been an­ti­cip­ated, in ac­cord­ance with this view of their man­ner of form­a­tion. As two men have some­times in­de­pend­ently hit on the same in­ven­tion, so in the sev­er­al fore­go­ing cases it ap­pears that nat­ur­al se­lec­tion, work­ing for the good of each be­ing, and tak­ing ad­vant­age of all fa­vour­able vari­ations, has pro­duced sim­il­ar or­gans, as far as func­tion is con­cerned, in dis­tinct or­gan­ic be­ings, which owe none of their struc­ture in com­mon to in­her­it­ance from a com­mon pro­gen­it­or.

				Fritz Muller, in or­der to test the con­clu­sions ar­rived at in this volume, has fol­lowed out with much care a nearly sim­il­ar line of ar­gu­ment. Sev­er­al fam­il­ies of crus­ta­ceans in­clude a few spe­cies, pos­sess­ing an air-breath­ing ap­par­at­us and fit­ted to live out of the wa­ter. In two of these fam­il­ies, which were more es­pe­cially ex­amined by Muller, and which are nearly re­lated to each oth­er, the spe­cies agree most closely in all im­port­ant char­ac­ters: namely in their sense or­gans, cir­cu­lat­ing sys­tems, in the po­s­i­tion of the tufts of hair with­in their com­plex stom­achs, and lastly in the whole struc­ture of the wa­ter-breath­ing bran­chi­ae, even to the mi­cro­scop­ic­al hooks by which they are cleansed. Hence it might have been ex­pec­ted that in the few spe­cies be­long­ing to both fam­il­ies which live on the land, the equally im­port­ant air-breath­ing ap­par­at­us would have been the same; for why should this one ap­par­at­us, giv­en for the same pur­pose, have been made to dif­fer, while all the oth­er im­port­ant or­gans were closely sim­il­ar, or rather, identic­al.

				Fritz Muller ar­gues that this close sim­il­ar­ity in so many points of struc­ture must, in ac­cord­ance with the views ad­vanced by me, be ac­coun­ted for by in­her­it­ance from a com­mon pro­gen­it­or. But as the vast ma­jor­ity of the spe­cies in the above two fam­il­ies, as well as most oth­er crus­ta­ceans, are aquat­ic in their habits, it is im­prob­able in the highest de­gree that their com­mon pro­gen­it­or should have been ad­ap­ted for breath­ing air. Muller was thus led care­fully to ex­am­ine the ap­par­at­us in the air-breath­ing spe­cies; and he found it to dif­fer in each in sev­er­al im­port­ant points, as in the po­s­i­tion of the ori­fices, in the man­ner in which they are opened and closed, and in some ac­cess­ory de­tails. Now such dif­fer­ences are in­tel­li­gible, and might even have been ex­pec­ted, on the sup­pos­i­tion that spe­cies be­long­ing to dis­tinct fam­il­ies had slowly be­come ad­ap­ted to live more and more out of wa­ter, and to breathe the air. For these spe­cies, from be­long­ing to dis­tinct fam­il­ies, would have differed to a cer­tain ex­tent, and in ac­cord­ance with the prin­ciple that the nature of each vari­ation de­pends on two factors, viz., the nature of the or­gan­ism and that of the sur­round­ing con­di­tions, their vari­ab­il­ity as­suredly would not have been ex­actly the same. Con­sequently nat­ur­al se­lec­tion would have had dif­fer­ent ma­ter­i­als or vari­ations to work on, in or­der to ar­rive at the same func­tion­al res­ult; and the struc­tures thus ac­quired would al­most ne­ces­sar­ily have differed. On the hy­po­thes­is of sep­ar­ate acts of cre­ation the whole case re­mains un­in­tel­li­gible. This line of ar­gu­ment seems to have had great weight in lead­ing Fritz Muller to ac­cept the views main­tained by me in this volume.

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

				

				In the fore­go­ing cases, we see the same end gained and the same func­tion per­formed, in be­ings not at all or only re­motely al­lied, by or­gans in ap­pear­ance, though not in de­vel­op­ment, closely sim­il­ar. On the oth­er hand, it is a com­mon rule through­out nature that the same end should be gained, even some­times in the case of closely re­lated be­ings, by the most di­ver­si­fied means. How dif­fer­ently con­struc­ted is the feathered wing of a bird and the mem­brane-covered wing of a bat; and still more so the four wings of a but­ter­fly, the two wings of a fly, and the two wings with the elytra of a beetle. Bi­valve shells are made to open and shut, but on what a num­ber of pat­terns is the hinge con­struc­ted, from the long row of neatly in­ter­lock­ing teeth in a Nuc­ula to the simple lig­a­ment of a Mus­sel! Seeds are dis­sem­in­ated by their minute­ness, by their cap­sule be­ing con­ver­ted in­to a light bal­loon-like en­vel­ope, by be­ing em­bed­ded in pulp or flesh, formed of the most di­verse parts, and rendered nu­tri­tious, as well as con­spicu­ously col­oured, so as to at­tract and be de­voured by birds, by hav­ing hooks and grapnels of many kinds and ser­rated awns, so as to ad­here to the fur of quad­ru­peds, and by be­ing fur­nished with wings and plumes, as dif­fer­ent in shape as they are el­eg­ant in struc­ture, so as to be waf­ted by every breeze. I will give one oth­er in­stance: for this sub­ject of the same end be­ing gained by the most di­ver­si­fied means well de­serves at­ten­tion. Some au­thors main­tain that or­gan­ic be­ings have been formed in many ways for the sake of mere vari­ety, al­most like toys in a shop, but such a view of nature is in­cred­ible. With plants hav­ing sep­ar­ated sexes, and with those in which, though herm­aph­rod­ites, the pol­len does not spon­tan­eously fall on the stigma, some aid is ne­ces­sary for their fer­til­isa­tion. With sev­er­al kinds this is ef­fected by the pol­len-grains, which are light and in­co­her­ent, be­ing blown by the wind through mere chance on to the stigma; and this is the simplest plan which can well be con­ceived. An al­most equally simple, though very dif­fer­ent plan oc­curs in many plants in which a sym­met­ric­al flower secretes a few drops of nec­tar, and is con­sequently vis­ited by in­sects; and these carry the pol­len from the an­thers to the stigma.

				From this simple stage we may pass through an in­ex­haust­ible num­ber of con­triv­ances, all for the same pur­pose and ef­fected in es­sen­tially the same man­ner, but en­tail­ing changes in every part of the flower. The nec­tar may be stored in vari­ously shaped re­cept­acles, with the sta­mens and pis­tils mod­i­fied in many ways, some­times form­ing trap-like con­triv­ances, and some­times cap­able of neatly ad­ap­ted move­ments through ir­rit­ab­il­ity or elasti­city. From such struc­tures we may ad­vance till we come to such a case of ex­traordin­ary ad­apt­a­tion as that lately de­scribed by Dr. Cruger in the Cory­an­thes. This orch­id has part of its la­bellum or lower lip hol­lowed out in­to a great buck­et, in­to which drops of al­most pure wa­ter con­tinu­ally fall from two se­cret­ing horns which stand above it; and when the buck­et is half-full, the wa­ter over­flows by a spout on one side. The bas­al part of the la­bellum stands over the buck­et, and is it­self hol­lowed out in­to a sort of cham­ber with two lat­er­al en­trances; with­in this cham­ber there are curi­ous fleshy ridges. The most in­geni­ous man, if he had not wit­nessed what takes place, could nev­er have ima­gined what pur­pose all these parts serve. But Dr. Cruger saw crowds of large humble­bees vis­it­ing the gi­gant­ic flowers of this orch­id, not in or­der to suck nec­tar, but to gnaw off the ridges with­in the cham­ber above the buck­et; in do­ing this they fre­quently pushed each oth­er in­to the buck­et, and their wings be­ing thus wet­ted they could not fly away, but were com­pelled to crawl out through the pas­sage formed by the spout or over­flow. Dr. Cruger saw a “con­tinu­al pro­ces­sion” of bees thus crawl­ing out of their in­vol­un­tary bath. The pas­sage is nar­row, and is roofed over by the column, so that a bee, in for­cing its way out, first rubs its back against the vis­cid stigma and then against the vis­cid glands of the pol­len-masses. The pol­len-masses are thus glued to the back of the bee which first hap­pens to crawl out through the pas­sage of a lately ex­pan­ded flower, and are thus car­ried away. Dr. Cruger sent me a flower in spir­its of wine, with a bee which he had killed be­fore it had quite crawled out, with a pol­len-mass still fastened to its back. When the bee, thus provided, flies to an­oth­er flower, or to the same flower a second time, and is pushed by its com­rades in­to the buck­et and then crawls out by the pas­sage, the pol­len-mass ne­ces­sar­ily comes first in­to con­tact with the vis­cid stigma, and ad­heres to it, and the flower is fer­til­ised. Now at last we see the full use of every part of the flower, of the wa­ter-se­cret­ing horns of the buck­et half-full of wa­ter, which pre­vents the bees from fly­ing away, and forces them to crawl out through the spout, and rub against the prop­erly placed vis­cid pol­len-masses and the vis­cid stigma.

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

				How, it may be asked, in the fore­go­ing and in in­nu­mer­able oth­er in­stances, can we un­der­stand the gradu­ated scale of com­plex­ity and the mul­ti­far­i­ous means for gain­ing the same end. The an­swer no doubt is, as already re­marked, that when two forms vary, which already dif­fer from each oth­er in some slight de­gree, the vari­ab­il­ity will not be of the same ex­act nature, and con­sequently the res­ults ob­tained through nat­ur­al se­lec­tion for the same gen­er­al pur­pose will not be the same. We should also bear in mind that every highly de­veloped or­gan­ism has passed through many changes; and that each mod­i­fied struc­ture tends to be in­her­ited, so that each modi­fic­a­tion will not read­ily be quite lost, but may be again and again fur­ther altered. Hence, the struc­ture of each part of each spe­cies, for whatever pur­pose it may serve, is the sum of many in­her­ited changes, through which the spe­cies has passed dur­ing its suc­cess­ive ad­apt­a­tions to changed habits and con­di­tions of life.

				Fi­nally, then, al­though in many cases it is most dif­fi­cult even to con­jec­ture by what trans­itions or­gans could have ar­rived at their present state; yet, con­sid­er­ing how small the pro­por­tion of liv­ing and known forms is to the ex­tinct and un­known, I have been as­ton­ished how rarely an or­gan can be named, to­wards which no trans­ition­al grade is known to lead. It is cer­tainly true, that new or­gans ap­pear­ing as if cre­ated for some spe­cial pur­pose rarely or nev­er ap­pear in any be­ing; as in­deed is shown by that old, but some­what ex­ag­ger­ated, can­on in nat­ur­al his­tory of “Natura non fa­cit saltum.” We meet with this ad­mis­sion in the writ­ings of al­most every ex­per­i­enced nat­ur­al­ist; or, as Mil­ne Ed­wards has well ex­pressed it, “Nature is prod­ig­al in vari­ety, but nig­gard in in­nov­a­tion.” Why, on the the­ory of Cre­ation, should there be so much vari­ety and so little real nov­elty? Why should all the parts and or­gans of many in­de­pend­ent be­ings, each sup­posed to have been sep­ar­ately cre­ated for its own prop­er place in nature, be so com­monly linked to­geth­er by gradu­ated steps? Why should not Nature take a sud­den leap from struc­ture to struc­ture? On the the­ory of nat­ur­al se­lec­tion, we can clearly un­der­stand why she should not; for nat­ur­al se­lec­tion acts only by tak­ing ad­vant­age of slight suc­cess­ive vari­ations; she can nev­er take a great and sud­den leap, but must ad­vance by the short and sure, though slow steps.

			
			
				Organs of Little Apparent Importance, as Affected by Natural Selection

				As nat­ur­al se­lec­tion acts by life and death, by the sur­viv­al of the fit­test, and by the de­struc­tion of the less well-fit­ted in­di­vidu­als, I have some­times felt great dif­fi­culty in un­der­stand­ing the ori­gin or form­a­tion of parts of little im­port­ance; al­most as great, though of a very dif­fer­ent kind, as in the case of the most per­fect and com­plex or­gans.

				In the first place, we are much too ig­nor­ant in re­gard to the whole eco­nomy of any one or­gan­ic be­ing to say what slight modi­fic­a­tions would be of im­port­ance or not. In a former chapter I have giv­en in­stances of very tri­fling char­ac­ters, such as the down on fruit and the col­our of its flesh, the col­our of the skin and hair of quad­ru­peds, which, from be­ing cor­rel­ated with con­sti­tu­tion­al dif­fer­ences, or from de­term­in­ing the at­tacks of in­sects, might as­suredly be ac­ted on by nat­ur­al se­lec­tion. The tail of the gir­affe looks like an ar­ti­fi­cially con­struc­ted fly-flap­per; and it seems at first in­cred­ible that this could have been ad­ap­ted for its present pur­pose by suc­cess­ive slight modi­fic­a­tions, each bet­ter and bet­ter fit­ted, for so tri­fling an ob­ject as to drive away flies; yet we should pause be­fore be­ing too pos­it­ive even in this case, for we know that the dis­tri­bu­tion and ex­ist­ence of cattle and oth­er an­im­als in South Amer­ica ab­so­lutely de­pend on their power of res­ist­ing the at­tacks of in­sects: so that in­di­vidu­als which could by any means de­fend them­selves from these small en­emies, would be able to range in­to new pas­tures and thus gain a great ad­vant­age. It is not that the lar­ger quad­ru­peds are ac­tu­ally des­troyed (ex­cept in some rare cases) by flies, but they are in­cess­antly har­assed and their strength re­duced, so that they are more sub­ject to dis­ease, or not so well en­abled in a com­ing dearth to search for food, or to es­cape from beasts of prey.

				Or­gans now of tri­fling im­port­ance have prob­ably in some cases been of high im­port­ance to an early pro­gen­it­or, and, after hav­ing been slowly per­fec­ted at a former peri­od, have been trans­mit­ted to ex­ist­ing spe­cies in nearly the same state, al­though now of very slight use; but any ac­tu­ally in­jur­i­ous de­vi­ations in their struc­ture would of course have been checked by nat­ur­al se­lec­tion. See­ing how im­port­ant an or­gan of lo­co­motion the tail is in most aquat­ic an­im­als, its gen­er­al pres­ence and use for many pur­poses in so many land an­im­als, which in their lungs or mod­i­fied swim-blad­ders be­tray their aquat­ic ori­gin, may per­haps be thus ac­coun­ted for. A well-de­veloped tail hav­ing been formed in an aquat­ic an­im­al, it might sub­sequently come to be worked in for all sorts of pur­poses, as a fly-flap­per, an or­gan of pre­hen­sion, or as an aid in turn­ing, as in the case of the dog, though the aid in this lat­ter re­spect must be slight, for the hare, with hardly any tail, can double still more quickly.

				In the second place, we may eas­ily err in at­trib­ut­ing im­port­ance to char­ac­ters, and in be­liev­ing that they have been de­veloped through nat­ur­al se­lec­tion. We must by no means over­look the ef­fects of the def­in­ite ac­tion of changed con­di­tions of life, of so-called spon­tan­eous vari­ations, which seem to de­pend in a quite sub­or­din­ate de­gree on the nature of the con­di­tions, of the tend­ency to re­ver­sion to long-lost char­ac­ters, of the com­plex laws of growth, such as of cor­rel­a­tion, com­pre­hen­sion, of the pres­sure of one part on an­oth­er, etc., and fi­nally of sexu­al se­lec­tion, by which char­ac­ters of use to one sex are of­ten gained and then trans­mit­ted more or less per­fectly to the oth­er sex, though of no use to the sex. But struc­tures thus in­dir­ectly gained, al­though at first of no ad­vant­age to a spe­cies, may sub­sequently have been taken ad­vant­age of by its mod­i­fied des­cend­ants, un­der new con­di­tions of life and newly ac­quired habits.

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

				We are pro­foundly ig­nor­ant of the cause of each slight vari­ation or in­di­vidu­al dif­fer­ence; and we are im­me­di­ately made con­scious of this by re­flect­ing on the dif­fer­ences between the breeds of our do­mest­ic­ated an­im­als in dif­fer­ent coun­tries, more es­pe­cially in the less civ­il­ized coun­tries, where there has been but little meth­od­ic­al se­lec­tion. An­im­als kept by sav­ages in dif­fer­ent coun­tries of­ten have to struggle for their own sub­sist­ence, and are ex­posed to a cer­tain ex­tent to nat­ur­al se­lec­tion, and in­di­vidu­als with slightly dif­fer­ent con­sti­tu­tions would suc­ceed best un­der dif­fer­ent cli­mates. With cattle sus­cept­ib­il­ity to the at­tacks of flies is cor­rel­ated with col­our, as is the li­ab­il­ity to be poisoned by cer­tain plants; so that even col­our would be thus sub­jec­ted to the ac­tion of nat­ur­al se­lec­tion. Some ob­serv­ers are con­vinced that a damp cli­mate af­fects the growth of the hair, and that with the hair the horns are cor­rel­ated. Moun­tain breeds al­ways dif­fer from low­land breeds; and a moun­tain­ous coun­try would prob­ably af­fect the hind limbs from ex­er­cising them more, and pos­sibly even the form of the pel­vis; and then by the law of ho­mo­log­ous vari­ation, the front limbs and the head would prob­ably be af­fected. The shape, also, of the pel­vis might af­fect by pres­sure the shape of cer­tain parts of the young in the womb. The la­bor­i­ous breath­ing ne­ces­sary in high re­gions tends, as we have good reas­on to be­lieve, to in­crease the size of the chest; and again cor­rel­a­tion would come in­to play. The ef­fects of lessened ex­er­cise, to­geth­er with abund­ant food, on the whole or­gan­isa­tion is prob­ably still more im­port­ant, and this, as H. von Nathusi­us has lately shown in his ex­cel­lent Treat­ise, is ap­par­ently one chief cause of the great modi­fic­a­tion which the breeds of swine have un­der­gone. But we are far too ig­nor­ant to spec­u­late on the re­l­at­ive im­port­ance of the sev­er­al known and un­known causes of vari­ation; and I have made these re­marks only to show that, if we are un­able to ac­count for the char­ac­ter­ist­ic dif­fer­ences of our sev­er­al do­mest­ic breeds, which nev­er­the­less are gen­er­ally ad­mit­ted to have aris­en through or­din­ary gen­er­a­tion from one or a few par­ent-stocks, we ought not to lay too much stress on our ig­nor­ance of the pre­cise cause of the slight ana­log­ous dif­fer­ences between true spe­cies.

			
			
				Utilitarian Doctrine, How Far True: Beauty, How Acquired

				The fore­go­ing re­marks lead me to say a few words on the protest lately made by some nat­ur­al­ists against the util­it­ari­an doc­trine that every de­tail of struc­ture has been pro­duced for the good of its pos­sessor. They be­lieve that many struc­tures have been cre­ated for the sake of beauty, to de­light man or the Cre­at­or (but this lat­ter point is bey­ond the scope of sci­entif­ic dis­cus­sion), or for the sake of mere vari­ety, a view already dis­cussed. Such doc­trines, if true, would be ab­so­lutely fatal to my the­ory. I fully ad­mit that many struc­tures are now of no dir­ect use to their pos­sessors, and may nev­er have been of any use to their pro­gen­it­ors; but this does not prove that they were formed solely for beauty or vari­ety. No doubt the def­in­ite ac­tion of changed con­di­tions, and the vari­ous causes of modi­fic­a­tions, lately spe­cified, have all pro­duced an ef­fect, prob­ably a great ef­fect, in­de­pend­ently of any ad­vant­age thus gained. But a still more im­port­ant con­sid­er­a­tion is that the chief part of the or­gan­isa­tion of every liv­ing creature is due to in­her­it­ance; and con­sequently, though each be­ing as­suredly is well fit­ted for its place in nature, many struc­tures have now no very close and dir­ect re­la­tion to present habits of life. Thus, we can hardly be­lieve that the webbed feet of the up­land goose, or of the frig­ate-bird, are of spe­cial use to these birds; we can­not be­lieve that the sim­il­ar bones in the arm of the mon­key, in the fore leg of the horse, in the wing of the bat, and in the flip­per of the seal, are of spe­cial use to these an­im­als. We may safely at­trib­ute these struc­tures to in­her­it­ance. But webbed feet no doubt were as use­ful to the pro­gen­it­or of the up­land goose and of the frig­ate-bird, as they now are to the most aquat­ic of liv­ing birds. So we may be­lieve that the pro­gen­it­or of the seal did not pos­sess a flip­per, but a foot with five toes fit­ted for walk­ing or grasp­ing; and we may fur­ther ven­ture to be­lieve that the sev­er­al bones in the limbs of the mon­key, horse and bat, were ori­gin­ally de­veloped, on the prin­ciple of util­ity, prob­ably through the re­duc­tion of more nu­mer­ous bones in the fin of some an­cient fish-like pro­gen­it­or of the whole class. It is scarcely pos­sible to de­cide how much al­low­ance ought to be made for such causes of change, as the def­in­ite ac­tion of ex­tern­al con­di­tions, so-called spon­tan­eous vari­ations, and the com­plex laws of growth; but with these im­port­ant ex­cep­tions, we may con­clude that the struc­ture of every liv­ing creature either now is, or was formerly, of some dir­ect or in­dir­ect use to its pos­sessor.

				With re­spect to the be­lief that or­gan­ic be­ings have been cre­ated beau­ti­ful for the de­light of man—a be­lief which it has been pro­nounced is sub­vers­ive of my whole the­ory—I may first re­mark that the sense of beauty ob­vi­ously de­pends on the nature of the mind, ir­re­spect­ive of any real qual­ity in the ad­mired ob­ject; and that the idea of what is beau­ti­ful, is not in­nate or un­al­ter­able. We see this, for in­stance, in the men of dif­fer­ent races ad­mir­ing an en­tirely dif­fer­ent stand­ard of beauty in their wo­men. If beau­ti­ful ob­jects had been cre­ated solely for man’s grat­i­fic­a­tion, it ought to be shown that be­fore man ap­peared there was less beauty on the face of the earth than since he came on the stage. Were the beau­ti­ful vo­lute and cone shells of the Eo­cene epoch, and the grace­fully sculp­tured am­mon­ites of the Sec­ond­ary peri­od, cre­ated that man might ages af­ter­wards ad­mire them in his cab­in­et? Few ob­jects are more beau­ti­ful than the minute sili­ceous cases of the di­at­om­aceae: were these cre­ated that they might be ex­amined and ad­mired un­der the high­er powers of the mi­cro­scope? The beauty in this lat­ter case, and in many oth­ers, is ap­par­ently wholly due to sym­metry of growth. Flowers rank among the most beau­ti­ful pro­duc­tions of nature; but they have been rendered con­spicu­ous in con­trast with the green leaves, and in con­sequence at the same time beau­ti­ful, so that they may be eas­ily ob­served by in­sects. I have come to this con­clu­sion from find­ing it an in­vari­able rule that when a flower is fer­til­ised by the wind it nev­er has a gaily-col­oured co­rolla. Sev­er­al plants ha­bitu­ally pro­duce two kinds of flowers; one kind open and col­oured so as to at­tract in­sects; the oth­er closed, not col­oured, des­ti­tute of nec­tar, and nev­er vis­ited by in­sects. Hence, we may con­clude that, if in­sects had not been de­veloped on the face of the earth, our plants would not have been decked with beau­ti­ful flowers, but would have pro­duced only such poor flowers as we see on our fir, oak, nut and ash trees, on grasses, spin­ach, docks and nettles, which are all fer­til­ised through the agency of the wind. A sim­il­ar line of ar­gu­ment holds good with fruits; that a ripe straw­berry or cherry is as pleas­ing to the eye as to the pal­ate—that the gaily-col­oured fruit of the spindle-wood tree and the scar­let ber­ries of the holly are beau­ti­ful ob­jects—will be ad­mit­ted by every­one. But this beauty serves merely as a guide to birds and beasts, in or­der that the fruit may be de­voured and the ma­tured seeds dis­sem­in­ated. I in­fer that this is the case from hav­ing as yet found no ex­cep­tion to the rule that seeds are al­ways thus dis­sem­in­ated when em­bed­ded with­in a fruit of any kind (that is with­in a fleshy or pulpy en­vel­ope), if it be col­oured of any bril­liant tint, or rendered con­spicu­ous by be­ing white or black.

				On the oth­er hand, I will­ingly ad­mit that a great num­ber of male an­im­als, as all our most gor­geous birds, some fishes, rep­tiles, and mam­mals, and a host of mag­ni­fi­cently col­oured but­ter­flies, have been rendered beau­ti­ful for beauty’s sake. But this has been ef­fected through sexu­al se­lec­tion, that is, by the more beau­ti­ful males hav­ing been con­tinu­ally pre­ferred by the fe­males, and not for the de­light of man. So it is with the mu­sic of birds. We may in­fer from all this that a nearly sim­il­ar taste for beau­ti­ful col­ours and for mu­sic­al sounds runs through a large part of the an­im­al king­dom. When the fe­male is as beau­ti­fully col­oured as the male, which is not rarely the case with birds and but­ter­flies, the cause ap­par­ently lies in the col­ours ac­quired through sexu­al se­lec­tion hav­ing been trans­mit­ted to both sexes, in­stead of to the males alone. How the sense of beauty in its simplest form—that is, the re­cep­tion of a pe­cu­li­ar kind of pleas­ure from cer­tain col­ours, forms and sounds—was first de­veloped in the mind of man and of the lower an­im­als, is a very ob­scure sub­ject. The same sort of dif­fi­culty is presen­ted if we en­quire how it is that cer­tain fla­vours and odours give pleas­ure, and oth­ers dis­pleas­ure. Habit in all these cases ap­pears to have come to a cer­tain ex­tent in­to play; but there must be some fun­da­ment­al cause in the con­sti­tu­tion of the nervous sys­tem in each spe­cies.

				

				Nat­ur­al se­lec­tion can­not pos­sibly pro­duce any modi­fic­a­tion in a spe­cies ex­clus­ively for the good of an­oth­er spe­cies; though through­out nature one spe­cies in­cess­antly takes ad­vant­age of, and profits by the struc­tures of oth­ers. But nat­ur­al se­lec­tion can and does of­ten pro­duce struc­tures for the dir­ect in­jury of oth­er an­im­als, as we see in the fang of the ad­der, and in the ovi­pos­it­or of the ich­neu­mon, by which its eggs are de­pos­ited in the liv­ing bod­ies of oth­er in­sects. If it could be proved that any part of the struc­ture of any one spe­cies had been formed for the ex­clus­ive good of an­oth­er spe­cies, it would an­ni­hil­ate my the­ory, for such could not have been pro­duced through nat­ur­al se­lec­tion. Al­though many state­ments may be found in works on nat­ur­al his­tory to this ef­fect, I can­not find even one which seems to me of any weight. It is ad­mit­ted that the rattlesnake has a pois­on-fang for its own de­fence and for the de­struc­tion of its prey; but some au­thors sup­pose that at the same time it is fur­nished with a rattle for its own in­jury, namely, to warn its prey. I would al­most as soon be­lieve that the cat curls the end of its tail when pre­par­ing to spring, in or­der to warn the doomed mouse. It is a much more prob­able view that the rattlesnake uses its rattle, the co­bra ex­pands its frill and the puff-ad­der swells while hiss­ing so loudly and harshly, in or­der to alarm the many birds and beasts which are known to at­tack even the most venom­ous spe­cies. Snakes act on the same prin­ciple which makes the hen ruffle her feath­ers and ex­pand her wings when a dog ap­proaches her chick­ens. But I have not space here to en­large on the many ways by which an­im­als en­deav­our to fright­en away their en­emies.

				Nat­ur­al se­lec­tion will nev­er pro­duce in a be­ing any struc­ture more in­jur­i­ous than be­ne­fi­cial to that be­ing, for nat­ur­al se­lec­tion acts solely by and for the good of each. No or­gan will be formed, as Pa­ley has re­marked, for the pur­pose of caus­ing pain or for do­ing an in­jury to its pos­sessor. If a fair bal­ance be struck between the good and evil caused by each part, each will be found on the whole ad­vant­age­ous. After the lapse of time, un­der chan­ging con­di­tions of life, if any part comes to be in­jur­i­ous, it will be mod­i­fied; or if it be not so, the be­ing will be­come ex­tinct, as myri­ads have be­come ex­tinct.

				Nat­ur­al se­lec­tion tends only to make each or­gan­ic be­ing as per­fect as, or slightly more per­fect than the oth­er in­hab­it­ants of the same coun­try with which it comes in­to com­pet­i­tion. And we see that this is the stand­ard of per­fec­tion at­tained un­der nature. The en­dem­ic pro­duc­tions of New Zea­l­and, for in­stance, are per­fect, one com­pared with an­oth­er; but they are now rap­idly yield­ing be­fore the ad­van­cing le­gions of plants and an­im­als in­tro­duced from Europe. Nat­ur­al se­lec­tion will not pro­duce ab­so­lute per­fec­tion, nor do we al­ways meet, as far as we can judge, with this high stand­ard un­der nature. The cor­rec­tion for the ab­er­ra­tion of light is said by Muller not to be per­fect even in that most per­fect or­gan, the hu­man eye. Helm­holtz, whose judg­ment no one will dis­pute, after de­scrib­ing in the strongest terms the won­der­ful powers of the hu­man eye, adds these re­mark­able words: “That which we have dis­covered in the way of in­ex­act­ness and im­per­fec­tion in the op­tic­al ma­chine and in the im­age on the ret­ina, is as noth­ing in com­par­is­on with the in­con­gru­it­ies which we have just come across in the do­main of the sen­sa­tions. One might say that nature has taken de­light in ac­cu­mu­lat­ing con­tra­dic­tions in or­der to re­move all found­a­tion from the the­ory of a preex­ist­ing har­mony between the ex­tern­al and in­tern­al worlds.” If our reas­on leads us to ad­mire with en­thu­si­asm a mul­ti­tude of in­im­it­able con­triv­ances in nature, this same reas­on tells us, though we may eas­ily err on both sides, that some oth­er con­triv­ances are less per­fect. Can we con­sider the sting of the bee as per­fect, which, when used against many kinds of en­emies, can­not be with­drawn, ow­ing to the back­ward ser­rat­ures, and thus in­ev­it­ably causes the death of the in­sect by tear­ing out its vis­cera?

				If we look at the sting of the bee, as hav­ing ex­is­ted in a re­mote pro­gen­it­or, as a bor­ing and ser­rated in­stru­ment, like that in so many mem­bers of the same great or­der, and that it has since been mod­i­fied but not per­fec­ted for its present pur­pose, with the pois­on ori­gin­ally ad­ap­ted for some oth­er ob­ject, such as to pro­duce galls, since in­tens­i­fied, we can per­haps un­der­stand how it is that the use of the sting should so of­ten cause the in­sect’s own death: for if on the whole the power of sting­ing be use­ful to the so­cial com­munity, it will ful­fil all the re­quire­ments of nat­ur­al se­lec­tion, though it may cause the death of some few mem­bers. If we ad­mire the truly won­der­ful power of scent by which the males of many in­sects find their fe­males, can we ad­mire the pro­duc­tion for this single pur­pose of thou­sands of drones, which are ut­terly use­less to the com­munity for any oth­er pur­pose, and which are ul­ti­mately slaughtered by their in­dus­tri­ous and sterile sis­ters? It may be dif­fi­cult, but we ought to ad­mire the sav­age in­stinct­ive hatred of the queen-bee, which urges her to des­troy the young queens, her daugh­ters, as soon as they are born, or to per­ish her­self in the com­bat; for un­doubtedly this is for the good of the com­munity; and ma­ter­nal love or ma­ter­nal hatred, though the lat­ter for­tu­nately is most rare, is all the same to the in­ex­or­able prin­ciples of nat­ur­al se­lec­tion. If we ad­mire the sev­er­al in­geni­ous con­triv­ances by which orch­ids and many oth­er plants are fer­til­ised through in­sect agency, can we con­sider as equally per­fect the elab­or­a­tion of dense clouds of pol­len by our fir-trees, so that a few gran­ules may be waf­ted by chance on to the ovules?

			
			
				Summary: The Law of Unity of Type and of the Conditions of Existence Embraced by the Theory of Natural Selection

				We have in this chapter dis­cussed some of the dif­fi­culties and ob­jec­tions which may be urged against the the­ory. Many of them are ser­i­ous; but I think that in the dis­cus­sion light has been thrown on sev­er­al facts, which on the be­lief of in­de­pend­ent acts of cre­ation are ut­terly ob­scure. We have seen that spe­cies at any one peri­od are not in­def­in­itely vari­able, and are not linked to­geth­er by a mul­ti­tude of in­ter­me­di­ate grad­a­tions, partly be­cause the pro­cess of nat­ur­al se­lec­tion is al­ways very slow, and at any one time acts only on a few forms; and partly be­cause the very pro­cess of nat­ur­al se­lec­tion im­plies the con­tinu­al sup­plant­ing and ex­tinc­tion of pre­ced­ing and in­ter­me­di­ate grad­a­tions. Closely al­lied spe­cies, now liv­ing on a con­tinu­ous area, must of­ten have been formed when the area was not con­tinu­ous, and when the con­di­tions of life did not in­sens­ibly gradu­ate away from one part to an­oth­er. When two vari­et­ies are formed in two dis­tricts of a con­tinu­ous area, an in­ter­me­di­ate vari­ety will of­ten be formed, fit­ted for an in­ter­me­di­ate zone; but from reas­ons as­signed, the in­ter­me­di­ate vari­ety will usu­ally ex­ist in less­er num­bers than the two forms which it con­nects; con­sequently the two lat­ter, dur­ing the course of fur­ther modi­fic­a­tion, from ex­ist­ing in great­er num­bers, will have a great ad­vant­age over the less nu­mer­ous in­ter­me­di­ate vari­ety, and will thus gen­er­ally suc­ceed in sup­plant­ing and ex­term­in­at­ing it.

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

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

				Al­though the be­lief that an or­gan so per­fect as the eye could have been formed by nat­ur­al se­lec­tion, is enough to stag­ger any­one; yet in the case of any or­gan, if we know of a long series of grad­a­tions in com­plex­ity, each good for its pos­sessor, then un­der chan­ging con­di­tions of life, there is no lo­gic­al im­possib­il­ity in the ac­quire­ment of any con­ceiv­able de­gree of per­fec­tion through nat­ur­al se­lec­tion. In the cases in which we know of no in­ter­me­di­ate or trans­ition­al states, we should be ex­tremely cau­tious in con­clud­ing that none can have ex­is­ted, for the meta­morph­oses of many or­gans show what won­der­ful changes in func­tion are at least pos­sible. For in­stance, a swim-blad­der has ap­par­ently been con­ver­ted in­to an air-breath­ing lung. The same or­gan hav­ing per­formed sim­ul­tan­eously very dif­fer­ent func­tions, and then hav­ing been in part or in whole spe­cial­ised for one func­tion; and two dis­tinct or­gans hav­ing per­formed at the same time the same func­tion, the one hav­ing been per­fec­ted whilst aided by the oth­er, must of­ten have largely fa­cil­it­ated trans­itions.

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

				In many cases we are far too ig­nor­ant to be en­abled to as­sert that a part or or­gan is so un­im­port­ant for the wel­fare of a spe­cies, that modi­fic­a­tions in its struc­ture could not have been slowly ac­cu­mu­lated by means of nat­ur­al se­lec­tion. In many oth­er cases, modi­fic­a­tions are prob­ably the dir­ect res­ult of the laws of vari­ation or of growth, in­de­pend­ently of any good hav­ing been thus gained. But even such struc­tures have of­ten, as we may feel as­sured, been sub­sequently taken ad­vant­age of, and still fur­ther mod­i­fied, for the good of spe­cies un­der new con­di­tions of life. We may, also, be­lieve that a part formerly of high im­port­ance has fre­quently been re­tained (as the tail of an aquat­ic an­im­al by its ter­restri­al des­cend­ants), though it has be­come of such small im­port­ance that it could not, in its present state, have been ac­quired by means of nat­ur­al se­lec­tion.

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

				On the the­ory of nat­ur­al se­lec­tion we can clearly un­der­stand the full mean­ing of that old can­on in nat­ur­al his­tory, “Natura non fa­cit saltum.” This can­on, if we look to the present in­hab­it­ants alone of the world, is not strictly cor­rect; but if we in­clude all those of past times, wheth­er known or un­known, it must on this the­ory be strictly true.

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

			
		
	
		
			
				VII

				Mis­cel­laneous Ob­jec­tions to the The­ory of Nat­ur­al Se­lec­tion

			
			I will de­vote this chapter to the con­sid­er­a­tion of vari­ous mis­cel­laneous ob­jec­tions which have been ad­vanced against my views, as some of the pre­vi­ous dis­cus­sions may thus be made clear­er; but it would be use­less to dis­cuss all of them, as many have been made by writers who have not taken the trouble to un­der­stand the sub­ject. Thus a dis­tin­guished Ger­man nat­ur­al­ist has as­ser­ted that the weak­est part of my the­ory is, that I con­sider all or­gan­ic be­ings as im­per­fect: what I have really said is, that all are not as per­fect as they might have been in re­la­tion to their con­di­tions; and this is shown to be the case by so many nat­ive forms in many quar­ters of the world hav­ing yiel­ded their places to in­trud­ing for­eign­ers. Nor can or­gan­ic be­ings, even if they were at any one time per­fectly ad­ap­ted to their con­di­tions of life, have re­mained so, when their con­di­tions changed, un­less they them­selves like­wise changed; and no one will dis­pute that the phys­ic­al con­di­tions of each coun­try, as well as the num­ber and kinds of its in­hab­it­ants, have un­der­gone many muta­tions.

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

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

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

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

			A much more ser­i­ous ob­jec­tion has been urged by Bronn, and re­cently by Broca, namely, that many char­ac­ters ap­pear to be of no ser­vice whatever to their pos­sessors, and there­fore can­not have been in­flu­enced through nat­ur­al se­lec­tion. Bronn ad­duces the length of the ears and tails in the dif­fer­ent spe­cies of hares and mice—the com­plex folds of enamel in the teeth of many an­im­als, and a mul­ti­tude of ana­log­ous cases. With re­spect to plants, this sub­ject has been dis­cussed by Na­geli in an ad­mir­able es­say. He ad­mits that nat­ur­al se­lec­tion has ef­fected much, but he in­sists that the fam­il­ies of plants dif­fer chiefly from each oth­er in mor­pho­lo­gic­al char­ac­ters, which ap­pear to be quite un­im­port­ant for the wel­fare of the spe­cies. He con­sequently be­lieves in an in­nate tend­ency to­wards pro­gress­ive and more per­fect de­vel­op­ment. He spe­cifies the ar­range­ment of the cells in the tis­sues, and of the leaves on the ax­is, as cases in which nat­ur­al se­lec­tion could not have ac­ted. To these may be ad­ded the nu­mer­ic­al di­vi­sions in the parts of the flower, the po­s­i­tion of the ovules, the shape of the seed, when not of any use for dis­sem­in­a­tion, etc.

			There is much force in the above ob­jec­tion. Nev­er­the­less, we ought, in the first place, to be ex­tremely cau­tious in pre­tend­ing to de­cide what struc­tures now are, or have formerly been, of use to each spe­cies. In the second place, it should al­ways be borne in mind that when one part is mod­i­fied, so will be oth­er parts, through cer­tain dimly seen causes, such as an in­creased or di­min­ished flow of nu­tri­ment to a part, mu­tu­al pres­sure, an early de­veloped part af­fect­ing one sub­sequently de­veloped, and so forth—as well as through oth­er causes which lead to the many mys­ter­i­ous cases of cor­rel­a­tion, which we do not in the least un­der­stand. These agen­cies may be all grouped to­geth­er, for the sake of brev­ity, un­der the ex­pres­sion of the laws of growth. In the third place, we have to al­low for the dir­ect and def­in­ite ac­tion of changed con­di­tions of life, and for so-called spon­tan­eous vari­ations, in which the nature of the con­di­tions ap­par­ently plays a quite sub­or­din­ate part. Bud-vari­ations, such as the ap­pear­ance of a moss-rose on a com­mon rose, or of a nec­tar­ine on a peach-tree, of­fer good in­stances of spon­tan­eous vari­ations; but even in these cases, if we bear in mind the power of a minute drop of pois­on in pro­du­cing com­plex galls, we ought not to feel too sure that the above vari­ations are not the ef­fect of some loc­al change in the nature of the sap, due to some change in the con­di­tions. There must be some ef­fi­cient cause for each slight in­di­vidu­al dif­fer­ence, as well as for more strongly marked vari­ations which oc­ca­sion­ally arise; and if the un­known cause were to act per­sist­ently, it is al­most cer­tain that all the in­di­vidu­als of the spe­cies would be sim­il­arly mod­i­fied.

			In the earli­er edi­tions of this work I un­der­rated, as it now seems prob­able, the fre­quency and im­port­ance of modi­fic­a­tions due to spon­tan­eous vari­ab­il­ity. But it is im­possible to at­trib­ute to this cause the in­nu­mer­able struc­tures which are so well ad­ap­ted to the habits of life of each spe­cies. I can no more be­lieve in this than that the well-ad­ap­ted form of a race­horse or grey­hound, which be­fore the prin­ciple of se­lec­tion by man was well un­der­stood, ex­cited so much sur­prise in the minds of the older nat­ur­al­ists, can thus be ex­plained.

			It may be worth while to il­lus­trate some of the fore­go­ing re­marks. With re­spect to the as­sumed inutil­ity of vari­ous parts and or­gans, it is hardly ne­ces­sary to ob­serve that even in the high­er and best-known an­im­als many struc­tures ex­ist, which are so highly de­veloped that no one doubts that they are of im­port­ance, yet their use has not been, or has only re­cently been, as­cer­tained. As Bronn gives the length of the ears and tail in the sev­er­al spe­cies of mice as in­stances, though tri­fling ones, of dif­fer­ences in struc­ture which can be of no spe­cial use, I may men­tion that, ac­cord­ing to Dr. Schobl, the ex­tern­al ears of the com­mon mouse are sup­plied in an ex­traordin­ary man­ner with nerves, so that they no doubt serve as tact­ile or­gans; hence the length of the ears can hardly be quite un­im­port­ant. We shall, also, presently see that the tail is a highly use­ful pre­hensile or­gan to some of the spe­cies; and its use would be much in­flu­enced by its length.

			With re­spect to plants, to which on ac­count of Na­geli’s es­say I shall con­fine my­self in the fol­low­ing re­marks, it will be ad­mit­ted that the flowers of the orch­ids present a mul­ti­tude of curi­ous struc­tures, which a few years ago would have been con­sidered as mere mor­pho­lo­gic­al dif­fer­ences without any spe­cial func­tion; but they are now known to be of the highest im­port­ance for the fer­til­isa­tion of the spe­cies through the aid of in­sects, and have prob­ably been gained through nat­ur­al se­lec­tion. No one un­til lately would have ima­gined that in di­morph­ic and tri­morph­ic plants the dif­fer­ent lengths of the sta­mens and pis­tils, and their ar­range­ment, could have been of any ser­vice, but now we know this to be the case.

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

			Sev­er­al plants be­long­ing to dis­tinct or­ders ha­bitu­ally pro­duce flowers of two kinds—the one open, of the or­din­ary struc­ture, the oth­er closed and im­per­fect. These two kinds of flowers some­times dif­fer won­der­fully in struc­ture, yet may be seen to gradu­ate in­to each oth­er on the same plant. The or­din­ary and open flowers can be in­ter­crossed; and the be­ne­fits which cer­tainly are de­rived from this pro­cess are thus se­cured. The closed and im­per­fect flowers are, how­ever, mani­festly of high im­port­ance, as they yield with the ut­most safety a large stock of seed, with the ex­pendit­ure of won­der­fully little pol­len. The two kinds of flowers of­ten dif­fer much, as just stated, in struc­ture. The petals in the im­per­fect flowers al­most al­ways con­sist of mere rudi­ments, and the pol­len-grains are re­duced in dia­met­er. In Ononis colum­nae five of the al­tern­ate sta­mens are rudi­ment­ary; and in some spe­cies of Vi­ola three sta­mens are in this state, two re­tain­ing their prop­er func­tion, but be­ing of very small size. In six out of thirty of the closed flowers in an In­di­an vi­ol­et (name un­known, for the plants have nev­er pro­duced with me per­fect flowers), the sepals are re­duced from the nor­mal num­ber of five to three. In one sec­tion of the Malpighi­aceae the closed flowers, ac­cord­ing to A. de Jussieu, are still fur­ther mod­i­fied, for the five sta­mens which stand op­pos­ite to the sepals are all abor­ted, a sixth sta­men stand­ing op­pos­ite to a pet­al be­ing alone de­veloped; and this sta­men is not present in the or­din­ary flowers of this spe­cies; the style is abor­ted; and the ovaria are re­duced from three to two. Now al­though nat­ur­al se­lec­tion may well have had the power to pre­vent some of the flowers from ex­pand­ing, and to re­duce the amount of pol­len, when rendered by the clos­ure of the flowers su­per­flu­ous, yet hardly any of the above spe­cial modi­fic­a­tions can have been thus de­term­ined, but must have fol­lowed from the laws of growth, in­clud­ing the func­tion­al in­activ­ity of parts, dur­ing the pro­gress of the re­duc­tion of the pol­len and the clos­ure of the flowers.

			It is so ne­ces­sary to ap­pre­ci­ate the im­port­ant ef­fects of the laws of growth, that I will give some ad­di­tion­al cases of an­oth­er kind, namely of dif­fer­ences in the same part or or­gan, due to dif­fer­ences in re­l­at­ive po­s­i­tion on the same plant. In the Span­ish chest­nut, and in cer­tain fir-trees, the angles of di­ver­gence of the leaves dif­fer, ac­cord­ing to Schacht, in the nearly ho­ri­zont­al and in the up­right branches. In the com­mon rue and some oth­er plants, one flower, usu­ally the cent­ral or ter­min­al one, opens first, and has five sepals and petals, and five di­vi­sions to the ovari­um; while all the oth­er flowers on the plant are tet­ra­mer­ous. In the Brit­ish Ad­oxa the up­per­most flower gen­er­ally has two ca­lyx-lobes with the oth­er or­gans tet­ra­mer­ous, while the sur­round­ing flowers gen­er­ally have three ca­lyx-lobes with the oth­er or­gans pentamer­ous. In many Com­pos­it­ae and Um­bel­lifer­ae (and in some oth­er plants) the cir­cum­fer­en­tial flowers have their co­rol­las much more de­veloped than those of the centre; and this seems of­ten con­nec­ted with the abor­tion of the re­pro­duct­ive or­gans. It is a more curi­ous fact, pre­vi­ously re­ferred to, that the achenes or seeds of the cir­cum­fer­ence and centre some­times dif­fer greatly in form, col­our and oth­er char­ac­ters. In Carthamus and some oth­er Com­pos­it­ae the cent­ral achenes alone are fur­nished with a pap­pus; and in Hy­oseris the same head yields achenes of three dif­fer­ent forms. In cer­tain Um­bel­lifer­ae the ex­ter­i­or seeds, ac­cord­ing to Tausch, are or­tho­sperm­ous, and the cent­ral one coelosperm­ous, and this is a char­ac­ter which was con­sidered by De Can­dolle to be in oth­er spe­cies of the highest sys­tem­at­ic im­port­ance. Pro­fess­or Braun men­tions a Fu­mari­aceous genus, in which the flowers in the lower part of the spike bear oval, ribbed, one-seeded nut­lets; and in the up­per part of the spike, lanceol­ate, two-valved and two-seeded sil­iques. In these sev­er­al cases, with the ex­cep­tion of that of the well-de­veloped ray-florets, which are of ser­vice in mak­ing the flowers con­spicu­ous to in­sects, nat­ur­al se­lec­tion can­not, as far as we can judge, have come in­to play, or only in a quite sub­or­din­ate man­ner. All these modi­fic­a­tions fol­low from the re­l­at­ive po­s­i­tion and in­ter­ac­tion of the parts; and it can hardly be doubted that if all the flowers and leaves on the same plant had been sub­jec­ted to the same ex­tern­al and in­tern­al con­di­tion, as are the flowers and leaves in cer­tain po­s­i­tions, all would have been mod­i­fied in the same man­ner.

			In nu­mer­ous oth­er cases we find modi­fic­a­tions of struc­ture, which are con­sidered by bot­an­ists to be gen­er­ally of a highly im­port­ant nature, af­fect­ing only some of the flowers on the same plant, or oc­cur­ring on dis­tinct plants, which grow close to­geth­er un­der the same con­di­tions. As these vari­ations seem of no spe­cial use to the plants, they can­not have been in­flu­enced by nat­ur­al se­lec­tion. Of their cause we are quite ig­nor­ant; we can­not even at­trib­ute them, as in the last class of cases, to any prox­im­ate agency, such as re­l­at­ive po­s­i­tion. I will give only a few in­stances. It is so com­mon to ob­serve on the same plant, flowers in­dif­fer­ently tet­ra­mer­ous, pentamer­ous, etc., that I need not give ex­amples; but as nu­mer­ic­al vari­ations are com­par­at­ively rare when the parts are few, I may men­tion that, ac­cord­ing to De Can­dolle, the flowers of Papaver bracteatum of­fer either two sepals with four petals (which is the com­mon type with pop­pies), or three sepals with six petals. The man­ner in which the petals are fol­ded in the bud is in most groups a very con­stant mor­pho­lo­gic­al char­ac­ter; but Pro­fess­or Asa Gray states that with some spe­cies of Mim­u­lus, the aes­tiv­a­tion is al­most as fre­quently that of the Rhin­anthideae as of the An­tir­rhin­ideae, to which lat­ter tribe the genus be­longs. Aug. St. Hil­aire gives the fol­low­ing cases: the genus Zanthoxylon be­longs to a di­vi­sion of the Ruta­ceae with a single ovary, but in some spe­cies flowers may be found on the same plant, and even in the same pan­icle, with either one or two ovar­ies. In Heli­an­them­um the cap­sule has been de­scribed as uni­loc­u­lar or tri-loc­u­lar; and in H. mut­abile, “Une lame plus ou moins large, s’étend entre le peri­carpe et le pla­centa.” In the flowers of Sapon­aria of­fi­cinal­is Dr. Mas­ters has ob­served in­stances of both mar­gin­al and free cent­ral pla­centa­tion. Lastly, St. Hil­aire found to­wards the south­ern ex­treme of the range of Gom­phia oleae­formis two forms which he did not at first doubt were dis­tinct spe­cies, but he sub­sequently saw them grow­ing on the same bush; and he then adds, “Voilà donc dans un meme in­di­vidu des loges et un style qui se rat­tachent tantôt à un axe ver­ticale et tantôt à un gyn­o­base.”

			We thus see that with plants many mor­pho­lo­gic­al changes may be at­trib­uted to the laws of growth and the in­ter­ac­tion of parts, in­de­pend­ently of nat­ur­al se­lec­tion. But with re­spect to Na­geli’s doc­trine of an in­nate tend­ency to­wards per­fec­tion or pro­gress­ive de­vel­op­ment, can it be said in the case of these strongly pro­nounced vari­ations, that the plants have been caught in the act of pro­gress­ing to­wards a high­er state of de­vel­op­ment? On the con­trary, I should in­fer from the mere fact of the parts in ques­tion dif­fer­ing or vary­ing greatly on the same plant, that such modi­fic­a­tions were of ex­tremely small im­port­ance to the plants them­selves, of whatever im­port­ance they may gen­er­ally be to us for our clas­si­fic­a­tions. The ac­quis­i­tion of a use­less part can hardly be said to raise an or­gan­ism in the nat­ur­al scale; and in the case of the im­per­fect, closed flowers, above de­scribed, if any new prin­ciple has to be in­voked, it must be one of ret­ro­gres­sion rather than of pro­gres­sion; and so it must be with many para­sit­ic and de­graded an­im­als. We are ig­nor­ant of the ex­cit­ing cause of the above spe­cified modi­fic­a­tions; but if the un­known cause were to act al­most uni­formly for a length of time, we may in­fer that the res­ult would be al­most uni­form; and in this case all the in­di­vidu­als of the spe­cies would be mod­i­fied in the same man­ner.

			From the fact of the above char­ac­ters be­ing un­im­port­ant for the wel­fare of the spe­cies, any slight vari­ations which oc­curred in them would not have been ac­cu­mu­lated and aug­men­ted through nat­ur­al se­lec­tion. A struc­ture which has been de­veloped through long-con­tin­ued se­lec­tion, when it ceases to be of ser­vice to a spe­cies, gen­er­ally be­comes vari­able, as we see with rudi­ment­ary or­gans; for it will no longer be reg­u­lated by this same power of se­lec­tion. But when, from the nature of the or­gan­ism and of the con­di­tions, modi­fic­a­tions have been in­duced which are un­im­port­ant for the wel­fare of the spe­cies, they may be, and ap­par­ently of­ten have been, trans­mit­ted in nearly the same state to nu­mer­ous, oth­er­wise mod­i­fied, des­cend­ants. It can­not have been of much im­port­ance to the great­er num­ber of mam­mals, birds, or rep­tiles, wheth­er they were clothed with hair, feath­ers or scales; yet hair has been trans­mit­ted to al­most all mam­mals, feath­ers to all birds, and scales to all true rep­tiles. A struc­ture, whatever it may be, which is com­mon to many al­lied forms, is ranked by us as of high sys­tem­at­ic im­port­ance, and con­sequently is of­ten as­sumed to be of high vi­tal im­port­ance to the spe­cies. Thus, as I am in­clined to be­lieve, mor­pho­lo­gic­al dif­fer­ences, which we con­sider as im­port­ant—such as the ar­range­ment of the leaves, the di­vi­sions of the flower or of the ovari­um, the po­s­i­tion of the ovules, etc., first ap­peared in many cases as fluc­tu­at­ing vari­ations, which soon­er or later be­came con­stant through the nature of the or­gan­ism and of the sur­round­ing con­di­tions, as well as through the in­ter­cross­ing of dis­tinct in­di­vidu­als, but not through nat­ur­al se­lec­tion; for as these mor­pho­lo­gic­al char­ac­ters do not af­fect the wel­fare of the spe­cies, any slight de­vi­ations in them could not have been gov­erned or ac­cu­mu­lated through this lat­ter agency. It is a strange res­ult which we thus ar­rive at, namely, that char­ac­ters of slight vi­tal im­port­ance to the spe­cies, are the most im­port­ant to the sys­tem­at­ist; but, as we shall here­after see when we treat of the ge­net­ic prin­ciple of clas­si­fic­a­tion, this is by no means so para­dox­ic­al as it may at first ap­pear.

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

			

			A dis­tin­guished zo­olo­gist, Mr. St. George Mivart, has re­cently col­lec­ted all the ob­jec­tions which have ever been ad­vanced by my­self and oth­ers against the the­ory of nat­ur­al se­lec­tion, as pro­pounded by Mr. Wal­lace and my­self, and has il­lus­trated them with ad­mir­able art and force. When thus mar­shalled, they make a for­mid­able ar­ray; and as it forms no part of Mr. Mivart’s plan to give the vari­ous facts and con­sid­er­a­tions op­posed to his con­clu­sions, no slight ef­fort of reas­on and memory is left to the read­er, who may wish to weigh the evid­ence on both sides. When dis­cuss­ing spe­cial cases, Mr. Mivart passes over the ef­fects of the in­creased use and dis­use of parts, which I have al­ways main­tained to be highly im­port­ant, and have treated in my “Vari­ation un­der Do­mest­ic­a­tion” at great­er length than, as I be­lieve, any oth­er writer. He like­wise of­ten as­sumes that I at­trib­ute noth­ing to vari­ation, in­de­pend­ently of nat­ur­al se­lec­tion, where­as in the work just re­ferred to I have col­lec­ted a great­er num­ber of well-es­tab­lished cases than can be found in any oth­er work known to me. My judg­ment may not be trust­worthy, but after read­ing with care Mr. Mivart’s book, and com­par­ing each sec­tion with what I have said on the same head, I nev­er be­fore felt so strongly con­vinced of the gen­er­al truth of the con­clu­sions here ar­rived at, sub­ject, of course, in so in­tric­ate a sub­ject, to much par­tial er­ror.

			All Mr. Mivart’s ob­jec­tions will be, or have been, con­sidered in the present volume. The one new point which ap­pears to have struck many read­ers is, “That nat­ur­al se­lec­tion is in­com­pet­ent to ac­count for the in­cip­i­ent stages of use­ful struc­tures.” This sub­ject is in­tim­ately con­nec­ted with that of the grad­a­tion of the char­ac­ters, of­ten ac­com­pan­ied by a change of func­tion, for in­stance, the con­ver­sion of a swim-blad­der in­to lungs, points which were dis­cussed in the last chapter un­der two head­ings. Nev­er­the­less, I will here con­sider in some de­tail sev­er­al of the cases ad­vanced by Mr. Mivart, se­lect­ing those which are the most il­lus­trat­ive, as want of space pre­vents me from con­sid­er­ing all.

			The gir­affe, by its lofty stature, much elong­ated neck, fore legs, head and tongue, has its whole frame beau­ti­fully ad­ap­ted for brows­ing on the high­er branches of trees. It can thus ob­tain food bey­ond the reach of the oth­er Un­gu­lata or hoofed an­im­als in­hab­it­ing the same coun­try; and this must be a great ad­vant­age to it dur­ing dearths. The Ni­ata cattle in South Amer­ica show us how small a dif­fer­ence in struc­ture may make, dur­ing such peri­ods, a great dif­fer­ence in pre­serving an an­im­al’s life. These cattle can browse as well as oth­ers on grass, but from the pro­jec­tion of the lower jaw they can­not, dur­ing the of­ten re­cur­rent droughts, browse on the twigs of trees, reeds, etc., to which food the com­mon cattle and horses are then driv­en; so that at these times the Ni­atas per­ish, if not fed by their own­ers. Be­fore com­ing to Mr. Mivart’s ob­jec­tions, it may be well to ex­plain once again how nat­ur­al se­lec­tion will act in all or­din­ary cases. Man has mod­i­fied some of his an­im­als, without ne­ces­sar­ily hav­ing at­ten­ded to spe­cial points of struc­ture, by simply pre­serving and breed­ing from the fleetest in­di­vidu­als, as with the race­horse and grey­hound, or as with the game­cock, by breed­ing from the vic­tori­ous birds. So un­der nature with the nas­cent gir­affe, the in­di­vidu­als which were the highest browsers and were able dur­ing dearths to reach even an inch or two above the oth­ers, will of­ten have been pre­served; for they will have roamed over the whole coun­try in search of food. That the in­di­vidu­als of the same spe­cies of­ten dif­fer slightly in the re­l­at­ive lengths of all their parts may be seen in many works of nat­ur­al his­tory, in which care­ful meas­ure­ments are giv­en. These slight pro­por­tion­al dif­fer­ences, due to the laws of growth and vari­ation, are not of the slight­est use or im­port­ance to most spe­cies. But it will have been oth­er­wise with the nas­cent gir­affe, con­sid­er­ing its prob­able habits of life; for those in­di­vidu­als which had some one part or sev­er­al parts of their bod­ies rather more elong­ated than usu­al, would gen­er­ally have sur­vived. These will have in­ter­crossed and left off­spring, either in­her­it­ing the same bod­ily pe­cu­li­ar­it­ies, or with a tend­ency to vary again in the same man­ner; while the in­di­vidu­als less fa­voured in the same re­spects will have been the most li­able to per­ish.

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

			To this con­clu­sion Mr. Mivart brings for­ward two ob­jec­tions. One is that the in­creased size of the body would ob­vi­ously re­quire an in­creased sup­ply of food, and he con­siders it as “very prob­lem­at­ic­al wheth­er the dis­ad­vant­ages thence arising would not, in times of scarcity, more than coun­ter­bal­ance the ad­vant­ages.” But as the gir­affe does ac­tu­ally ex­ist in large num­bers in Africa, and as some of the largest ante­lopes in the world, taller than an ox, abound there, why should we doubt that, as far as size is con­cerned, in­ter­me­di­ate grad­a­tions could formerly have ex­is­ted there, sub­jec­ted as now to severe dearths. As­suredly the be­ing able to reach, at each stage of in­creased size, to a sup­ply of food, left un­touched by the oth­er hoofed quad­ru­peds of the coun­try, would have been of some ad­vant­age to the nas­cent gir­affe. Nor must we over­look the fact, that in­creased bulk would act as a pro­tec­tion against al­most all beasts of prey ex­cept­ing the li­on; and against this an­im­al, its tall neck—and the taller the bet­ter—would, as Mr. Chaun­cey Wright has re­marked, serve as a watchtower. It is from this cause, as Sir S. Baker re­marks, that no an­im­al is more dif­fi­cult to stalk than the gir­affe. This an­im­al also uses its long neck as a means of of­fence or de­fence, by vi­ol­ently swinging its head armed with stump-like horns. The pre­ser­va­tion of each spe­cies can rarely be de­term­ined by any one ad­vant­age, but by the uni­on of all, great and small.

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

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

			In or­der that an an­im­al should ac­quire some struc­ture spe­cially and largely de­veloped, it is al­most in­dis­pens­able that sev­er­al oth­er parts should be mod­i­fied and coad­ap­ted. Al­though every part of the body var­ies slightly, it does not fol­low that the ne­ces­sary parts should al­ways vary in the right dir­ec­tion and to the right de­gree. With the dif­fer­ent spe­cies of our do­mest­ic­ated an­im­als we know that the parts vary in a dif­fer­ent man­ner and de­gree, and that some spe­cies are much more vari­able than oth­ers. Even if the fit­ting vari­ations did arise, it does not fol­low that nat­ur­al se­lec­tion would be able to act on them and pro­duce a struc­ture which ap­par­ently would be be­ne­fi­cial to the spe­cies. For in­stance, if the num­ber of in­di­vidu­als ex­ist­ing in a coun­try is de­term­ined chiefly through de­struc­tion by beasts of prey—by ex­tern­al or in­tern­al para­sites, etc.—as seems of­ten to be the case, then nat­ur­al se­lec­tion will be able to do little, or will be greatly re­tarded, in modi­fy­ing any par­tic­u­lar struc­ture for ob­tain­ing food. Lastly, nat­ur­al se­lec­tion is a slow pro­cess, and the same fa­vour­able con­di­tions must long en­dure in or­der that any marked ef­fect should thus be pro­duced. Ex­cept by as­sign­ing such gen­er­al and vague reas­ons, we can­not ex­plain why, in many quar­ters of the world, hoofed quad­ru­peds have not ac­quired much elong­ated necks or oth­er means for brows­ing on the high­er branches of trees.

			Ob­jec­tions of the same nature as the fore­go­ing have been ad­vanced by many writers. In each case vari­ous causes, be­sides the gen­er­al ones just in­dic­ated, have prob­ably in­terfered with the ac­quis­i­tion through nat­ur­al se­lec­tion of struc­tures, which it is thought would be be­ne­fi­cial to cer­tain spe­cies. One writer asks, why has not the os­trich ac­quired the power of flight? But a mo­ment’s re­flec­tion will show what an enorm­ous sup­ply of food would be ne­ces­sary to give to this bird of the desert force to move its huge body through the air. Ocean­ic is­lands are in­hab­ited by bats and seals, but by no ter­restri­al mam­mals; yet as some of these bats are pe­cu­li­ar spe­cies, they must have long in­hab­ited their present homes. There­fore Sir C. Lyell asks, and as­signs cer­tain reas­ons in an­swer, why have not seals and bats giv­en birth on such is­lands to forms fit­ted to live on the land? But seals would ne­ces­sar­ily be first con­ver­ted in­to ter­restri­al car­ni­vor­ous an­im­als of con­sid­er­able size, and bats in­to ter­restri­al in­sect­i­vor­ous an­im­als; for the former there would be no prey; for the bats ground-in­sects would serve as food, but these would already be largely preyed on by the rep­tiles or birds, which first col­on­ise and abound on most ocean­ic is­lands. Grad­a­tions of struc­ture, with each stage be­ne­fi­cial to a chan­ging spe­cies, will be fa­voured only un­der cer­tain pe­cu­li­ar con­di­tions. A strictly ter­restri­al an­im­al, by oc­ca­sion­ally hunt­ing for food in shal­low wa­ter, then in streams or lakes, might at last be con­ver­ted in­to an an­im­al so thor­oughly aquat­ic as to brave the open ocean. But seals would not find on ocean­ic is­lands the con­di­tions fa­vour­able to their gradu­al re­con­ver­sion in­to a ter­restri­al form. Bats, as formerly shown, prob­ably ac­quired their wings by at first glid­ing through the air from tree to tree, like the so-called fly­ing squir­rels, for the sake of es­cap­ing from their en­emies, or for avoid­ing falls; but when the power of true flight had once been ac­quired, it would nev­er be re­con­ver­ted back, at least for the above pur­poses, in­to the less ef­fi­cient power of glid­ing through the air. Bats, might, in­deed, like many birds, have had their wings greatly re­duced in size, or com­pletely lost, through dis­use; but in this case it would be ne­ces­sary that they should first have ac­quired the power of run­ning quickly on the ground, by the aid of their hind legs alone, so as to com­pete with birds or oth­er ground an­im­als; and for such a change a bat seems sin­gu­larly ill-fit­ted. These con­jec­tur­al re­marks have been made merely to show that a trans­ition of struc­ture, with each step be­ne­fi­cial, is a highly com­plex af­fair; and that there is noth­ing strange in a trans­ition not hav­ing oc­curred in any par­tic­u­lar case.

			Lastly, more than one writer has asked why have some an­im­als had their men­tal powers more highly de­veloped than oth­ers, as such de­vel­op­ment would be ad­vant­age­ous to all? Why have not apes ac­quired the in­tel­lec­tu­al powers of man? Vari­ous causes could be as­signed; but as they are con­jec­tur­al, and their re­l­at­ive prob­ab­il­ity can­not be weighed, it would be use­less to give them. A def­in­ite an­swer to the lat­ter ques­tion ought not to be ex­pec­ted, see­ing that no one can solve the sim­pler prob­lem, why, of two races of sav­ages, one has ris­en high­er in the scale of civil­isa­tion than the oth­er; and this ap­par­ently im­plies in­creased brain power.

			We will re­turn to Mr. Mivart’s oth­er ob­jec­tions. In­sects of­ten re­semble for the sake of pro­tec­tion vari­ous ob­jects, such as green or de­cayed leaves, dead twigs, bits of lichen, flowers, spines, ex­cre­ment of birds, and liv­ing in­sects; but to this lat­ter point I shall here­after re­cur. The re­semb­lance is of­ten won­der­fully close, and is not con­fined to col­our, but ex­tends to form, and even to the man­ner in which the in­sects hold them­selves. The cater­pil­lars which pro­ject mo­tion­less like dead twigs from the bushes on which they feed, of­fer an ex­cel­lent in­stance of a re­semb­lance of this kind. The cases of the im­it­a­tion of such ob­jects as the ex­cre­ment of birds, are rare and ex­cep­tion­al. On this head, Mr. Mivart re­marks, “As, ac­cord­ing to Mr. Dar­win’s the­ory, there is a con­stant tend­ency to in­def­in­ite vari­ation, and as the minute in­cip­i­ent vari­ations will be in all dir­ec­tions, they must tend to neut­ral­ize each oth­er, and at first to form such un­stable modi­fic­a­tions that it is dif­fi­cult, if not im­possible, to see how such in­def­in­ite os­cil­la­tions of in­fin­ites­im­al be­gin­nings can ever build up a suf­fi­ciently ap­pre­ciable re­semb­lance to a leaf, bam­boo, or oth­er ob­ject, for nat­ur­al se­lec­tion to seize upon and per­petu­ate.”

			But in all the fore­go­ing cases the in­sects in their ori­gin­al state no doubt presen­ted some rude and ac­ci­dent­al re­semb­lance to an ob­ject com­monly found in the sta­tions fre­quen­ted by them. Nor is this at all im­prob­able, con­sid­er­ing the al­most in­fin­ite num­ber of sur­round­ing ob­jects and the di­versity in form and col­our of the hosts of in­sects which ex­ist. As some rude re­semb­lance is ne­ces­sary for the first start, we can un­der­stand how it is that the lar­ger and high­er an­im­als do not (with the ex­cep­tion, as far as I know, of one fish) re­semble for the sake of pro­tec­tion spe­cial ob­jects, but only the sur­face which com­monly sur­rounds them, and this chiefly in col­our. As­sum­ing that an in­sect ori­gin­ally happened to re­semble in some de­gree a dead twig or a de­cayed leaf, and that it var­ied slightly in many ways, then all the vari­ations which rendered the in­sect at all more like any such ob­ject, and thus fa­voured its es­cape, would be pre­served, while oth­er vari­ations would be neg­lected and ul­ti­mately lost; or, if they rendered the in­sect at all less like the im­it­ated ob­ject, they would be elim­in­ated. There would in­deed be force in Mr. Mivart’s ob­jec­tion, if we were to at­tempt to ac­count for the above re­semb­lances, in­de­pend­ently of nat­ur­al se­lec­tion, through mere fluc­tu­at­ing vari­ab­il­ity; but as the case stands there is none.

			Nor can I see any force in Mr. Mivart’s dif­fi­culty with re­spect to “the last touches of per­fec­tion in the mim­icry;” as in the case giv­en by Mr. Wal­lace, of a walk­ing-stick in­sect (Cer­oxylus la­cer­atus), which re­sembles “a stick grown over by a creep­ing moss or jun­ger­man­nia.” So close was this re­semb­lance, that a nat­ive Dyak main­tained that the fo­li­aceous ex­cres­cences were really moss. In­sects are preyed on by birds and oth­er en­emies whose sight is prob­ably sharp­er than ours, and every grade in re­semb­lance which aided an in­sect to es­cape no­tice or de­tec­tion, would tend to­wards its pre­ser­va­tion; and the more per­fect the re­semb­lance so much the bet­ter for the in­sect. Con­sid­er­ing the nature of the dif­fer­ences between the spe­cies in the group which in­cludes the above Cer­oxylus, there is noth­ing im­prob­able in this in­sect hav­ing var­ied in the ir­reg­u­lar­it­ies on its sur­face, and in these hav­ing be­come more or less green-col­oured; for in every group the char­ac­ters which dif­fer in the sev­er­al spe­cies are the most apt to vary, while the gen­er­ic char­ac­ters, or those com­mon to all the spe­cies, are the most con­stant.

			

			The Green­land whale is one of the most won­der­ful an­im­als in the world, and the baleen, or whale­bone, one of its greatest pe­cu­li­ar­it­ies. The baleen con­sists of a row, on each side of the up­per jaw, of about 300 plates or lam­inae, which stand close to­geth­er trans­versely to the longer ax­is of the mouth. With­in the main row there are some sub­si­di­ary rows. The ex­tremit­ies and in­ner mar­gins of all the plates are frayed in­to stiff bristles, which clothe the whole gi­gant­ic pal­ate, and serve to strain or sift the wa­ter, and thus to se­cure the minute prey on which these great an­im­als sub­sist. The middle and longest lam­ina in the Green­land whale is ten, twelve, or even fif­teen feet in length; but in the dif­fer­ent spe­cies of Ceta­ceans there are grad­a­tions in length; the middle lam­ina be­ing in one spe­cies, ac­cord­ing to Scoresby, four feet, in an­oth­er three, in an­oth­er eight­een inches, and in the Ba­laen­op­tera rostrata only about nine inches in length. The qual­ity of the whale­bone also dif­fers in the dif­fer­ent spe­cies.

			With re­spect to the baleen, Mr. Mivart re­marks that if it “had once at­tained such a size and de­vel­op­ment as to be at all use­ful, then its pre­ser­va­tion and aug­ment­a­tion with­in ser­vice­able lim­its would be pro­moted by nat­ur­al se­lec­tion alone. But how to ob­tain the be­gin­ning of such use­ful de­vel­op­ment?” In an­swer, it may be asked, why should not the early pro­gen­it­ors of the whales with baleen have pos­sessed a mouth con­struc­ted some­thing like the lamel­lated beak of a duck? Ducks, like whales, sub­sist by sift­ing the mud and wa­ter; and the fam­ily has some­times been called Criblatores, or sifters. I hope that I may not be mis­con­strued in­to say­ing that the pro­gen­it­ors of whales did ac­tu­ally pos­sess mouths lamel­lated like the beak of a duck. I wish only to show that this is not in­cred­ible, and that the im­mense plates of baleen in the Green­land whale might have been de­veloped from such lamel­lae by finely gradu­ated steps, each of ser­vice to its pos­sessor.

			The beak of a shov­el­ler-duck (Spat­ula clyp­eata) is a more beau­ti­ful and com­plex struc­ture than the mouth of a whale. The up­per mand­ible is fur­nished on each side (in the spe­ci­men ex­amined by me) with a row or comb formed of 188 thin, elast­ic lamel­lae, ob­liquely bev­elled so as to be poin­ted, and placed trans­versely to the longer ax­is of the mouth. They arise from the pal­ate, and are at­tached by flex­ible mem­brane to the sides of the mand­ible. Those stand­ing to­wards the middle are the longest, be­ing about one-third of an inch in length, and they pro­ject four­teen one-hun­dredths of an inch be­neath the edge. At their bases there is a short sub­si­di­ary row of ob­liquely trans­verse lamel­lae. In these sev­er­al re­spects they re­semble the plates of baleen in the mouth of a whale. But to­wards the ex­tremity of the beak they dif­fer much, as they pro­ject in­ward, in­stead of straight down­ward. The en­tire head of the shov­el­ler, though in­com­par­ably less bulky, is about one-eight­eenth of the length of the head of a mod­er­ately large Ba­laen­op­tera rostrata, in which spe­cies the baleen is only nine inches long; so that if we were to make the head of the shov­el­ler as long as that of the Ba­laen­op­tera, the lamel­lae would be six inches in length, that is, two-thirds of the length of the baleen in this spe­cies of whale. The lower mand­ible of the shov­el­ler-duck is fur­nished with lamel­lae of equal length with these above, but finer; and in be­ing thus fur­nished it dif­fers con­spicu­ously from the lower jaw of a whale, which is des­ti­tute of baleen. On the oth­er hand, the ex­tremit­ies of these lower lamel­lae are frayed in­to fine bristly points, so that they thus curi­ously re­semble the plates of baleen. In the genus Pri­on, a mem­ber of the dis­tinct fam­ily of the Pet­rels, the up­per mand­ible alone is fur­nished with lamel­lae, which are well de­veloped and pro­ject be­neath the mar­gin; so that the beak of this bird re­sembles in this re­spect the mouth of a whale.

			From the highly de­veloped struc­ture of the shov­el­ler’s beak we may pro­ceed (as I have learned from in­form­a­tion and spe­ci­mens sent to me by Mr. Salv­in), without any great break, as far as fit­ness for sift­ing is con­cerned, through the beak of the Mer­ganetta armata, and in some re­spects through that of the Aix sponsa, to the beak of the com­mon duck. In this lat­ter spe­cies the lamel­lae are much coars­er than in the shov­el­ler, and are firmly at­tached to the sides of the mand­ible; they are only about fifty in num­ber on each side, and do not pro­ject at all be­neath the mar­gin. They are square-topped, and are edged with trans­lu­cent, hard­ish tis­sue, as if for crush­ing food. The edges of the lower mand­ible are crossed by nu­mer­ous fine ridges, which pro­ject very little. Al­though the beak is thus very in­feri­or as a sifter to that of a shov­el­ler, yet this bird, as every­one knows, con­stantly uses it for this pur­pose. There are oth­er spe­cies, as I hear from Mr. Salv­in, in which the lamel­lae are con­sid­er­ably less de­veloped than in the com­mon duck; but I do not know wheth­er they use their beaks for sift­ing the wa­ter.

			Turn­ing to an­oth­er group of the same fam­ily. In the Egyp­tian goose (Chen­alopex) the beak closely re­sembles that of the com­mon duck; but the lamel­lae are not so nu­mer­ous, nor so dis­tinct from each oth­er, nor do they pro­ject so much in­ward; yet this goose, as I am in­formed by Mr. E. Bart­lett, “uses its bill like a duck by throw­ing the wa­ter out at the corners.” Its chief food, how­ever, is grass, which it crops like the com­mon goose. In this lat­ter bird the lamel­lae of the up­per mand­ible are much coars­er than in the com­mon duck, al­most con­flu­ent, about twenty-sev­en in num­ber on each side, and ter­min­at­ing up­ward in teeth-like knobs. The pal­ate is also covered with hard roun­ded knobs. The edges of the lower mand­ible are ser­rated with teeth much more prom­in­ent, coars­er and sharp­er than in the duck. The com­mon goose does not sift the wa­ter, but uses its beak ex­clus­ively for tear­ing or cut­ting herb­age, for which pur­pose it is so well fit­ted that it can crop grass closer than al­most any oth­er an­im­al. There are oth­er spe­cies of geese, as I hear from Mr. Bart­lett, in which the lamel­lae are less de­veloped than in the com­mon goose.

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

			Re­turn­ing to the whales. The Hyper­oodon bidens is des­ti­tute of true teeth in an ef­fi­cient con­di­tion, but its pal­ate is roughened, ac­cord­ing to La­ce­pede, with small un­equal, hard points of horn. There is, there­fore, noth­ing im­prob­able in sup­pos­ing that some early Ceta­cean form was provided with sim­il­ar points of horn on the pal­ate, but rather more reg­u­larly placed, and which, like the knobs on the beak of the goose, aided it in seiz­ing or tear­ing its food. If so, it will hardly be denied that the points might have been con­ver­ted through vari­ation and nat­ur­al se­lec­tion in­to lamel­lae as well-de­veloped as those of the Egyp­tian goose, in which case they would have been used both for seiz­ing ob­jects and for sift­ing the wa­ter; then in­to lamel­lae like those of the do­mest­ic duck; and so on­ward, un­til they be­came as well con­struc­ted as those of the shov­el­ler, in which case they would have served ex­clus­ively as a sift­ing ap­par­at­us. From this stage, in which the lamel­lae would be two-thirds of the length of the plates of baleen in the Ba­laen­op­tera rostrata, grad­a­tions, which may be ob­served in still-ex­ist­ing Ceta­ceans, lead us on­ward to the enorm­ous plates of baleen in the Green­land whale. Nor is there the least reas­on to doubt that each step in this scale might have been as ser­vice­able to cer­tain an­cient Ceta­ceans, with the func­tions of the parts slowly chan­ging dur­ing the pro­gress of de­vel­op­ment, as are the grad­a­tions in the beaks of the dif­fer­ent ex­ist­ing mem­bers of the duck-fam­ily. We should bear in mind that each spe­cies of duck is sub­jec­ted to a severe struggle for ex­ist­ence, and that the struc­ture of every part of its frame must be well ad­ap­ted to its con­di­tions of life.

			The Pleur­onectid­ae, or Flat­fish, are re­mark­able for their asym­met­ric­al bod­ies. They rest on one side—in the great­er num­ber of spe­cies on the left, but in some on the right side; and oc­ca­sion­ally re­versed adult spe­ci­mens oc­cur. The lower, or rest­ing-sur­face, re­sembles at first sight the vent­ral sur­face of an or­din­ary fish; it is of a white col­our, less de­veloped in many ways than the up­per side, with the lat­er­al fins of­ten of smal­ler size. But the eyes of­fer the most re­mark­able pe­cu­li­ar­ity; for they are both placed on the up­per side of the head. Dur­ing early youth, how­ever, they stand op­pos­ite to each oth­er, and the whole body is then sym­met­ric­al, with both sides equally col­oured. Soon the eye prop­er to the lower side be­gins to glide slowly round the head to the up­per side; but does not pass right through the skull, as was formerly thought to be the case. It is ob­vi­ous that un­less the lower eye did thus travel round, it could not be used by the fish while ly­ing in its ha­bitu­al po­s­i­tion on one side. The lower eye would, also, have been li­able to be ab­raded by the sandy bot­tom. That the Pleur­onectid­ae are ad­mir­ably ad­ap­ted by their flattened and asym­met­ric­al struc­ture for their habits of life, is mani­fest from sev­er­al spe­cies, such as soles, flounders, etc., be­ing ex­tremely com­mon. The chief ad­vant­ages thus gained seem to be pro­tec­tion from their en­emies, and fa­cil­ity for feed­ing on the ground. The dif­fer­ent mem­bers, how­ever, of the fam­ily present, as Schi­odte re­marks, “a long series of forms ex­hib­it­ing a gradu­al trans­ition from Hip­po­glos­sus pin­guis, which does not in any con­sid­er­able de­gree al­ter the shape in which it leaves the ovum, to the soles, which are en­tirely thrown to one side.”

			Mr. Mivart has taken up this case, and re­marks that a sud­den spon­tan­eous trans­form­a­tion in the po­s­i­tion of the eyes is hardly con­ceiv­able, in which I quite agree with him. He then adds: “If the trans­it was gradu­al, then how such trans­it of one eye a minute frac­tion of the jour­ney to­wards the oth­er side of the head could be­ne­fit the in­di­vidu­al is, in­deed, far from clear. It seems, even, that such an in­cip­i­ent trans­form­a­tion must rather have been in­jur­i­ous.” But he might have found an an­swer to this ob­jec­tion in the ex­cel­lent ob­ser­va­tions pub­lished in 1867 by Malm. The Pleur­onectid­ae, while very young and still sym­met­ric­al, with their eyes stand­ing on op­pos­ite sides of the head, can­not long re­tain a ver­tic­al po­s­i­tion, ow­ing to the ex­cess­ive depth of their bod­ies, the small size of their lat­er­al fins, and to their be­ing des­ti­tute of a swim-blad­der. Hence, soon grow­ing tired, they fall to the bot­tom on one side. While thus at rest they of­ten twist, as Malm ob­served, the lower eye up­ward, to see above them; and they do this so vig­or­ously that the eye is pressed hard against the up­per part of the or­bit. The fore­head between the eyes con­sequently be­comes, as could be plainly seen, tem­por­ar­ily con­trac­ted in breadth. On one oc­ca­sion Malm saw a young fish raise and de­press the lower eye through an an­gu­lar dis­tance of about sev­enty de­grees.

			We should re­mem­ber that the skull at this early age is car­tilagin­ous and flex­ible, so that it read­ily yields to mus­cu­lar ac­tion. It is also known with the high­er an­im­als, even after early youth, that the skull yields and is altered in shape, if the skin or muscles be per­man­ently con­trac­ted through dis­ease or some ac­ci­dent. With long-eared rab­bits, if one ear flops for­ward and down­ward, its weight drags for­ward all the bones of the skull on the same side, of which I have giv­en a fig­ure. Malm states that the newly-hatched young of perches, sal­mon, and sev­er­al oth­er sym­met­ric­al fishes, have the habit of oc­ca­sion­ally rest­ing on one side at the bot­tom; and he has ob­served that they of­ten then strain their lower eyes so as to look up­ward; and their skulls are thus rendered rather crooked. These fishes, how­ever, are soon able to hold them­selves in a ver­tic­al po­s­i­tion, and no per­man­ent ef­fect is thus pro­duced. With the Pleur­onectid­ae, on the oth­er hand, the older they grow the more ha­bitu­ally they rest on one side, ow­ing to the in­creas­ing flat­ness of their bod­ies, and a per­man­ent ef­fect is thus pro­duced on the form of the head, and on the po­s­i­tion of the eyes. Judging from ana­logy, the tend­ency to dis­tor­tion would no doubt be in­creased through the prin­ciple of in­her­it­ance. Schi­odte be­lieves, in op­pos­i­tion to some oth­er nat­ur­al­ists, that the Pleur­onectid­ae are not quite sym­met­ric­al even in the em­bryo; and if this be so, we could un­der­stand how it is that cer­tain spe­cies, while young, ha­bitu­ally fall over and rest on the left side, and oth­er spe­cies on the right side. Malm adds, in con­firm­a­tion of the above view, that the adult Trachypter­us arc­ti­c­us, which is not a mem­ber of the Pleur­onectid­ae, rests on its left side at the bot­tom, and swims di­ag­on­ally through the wa­ter; and in this fish, the two sides of the head are said to be some­what dis­sim­il­ar. Our great au­thor­ity on Fishes, Dr. Gun­ther, con­cludes his ab­stract of Malm’s pa­per, by re­mark­ing that “the au­thor gives a very simple ex­plan­a­tion of the ab­nor­mal con­di­tion of the Pleur­onect­oids.”

			We thus see that the first stages of the trans­it of the eye from one side of the head to the oth­er, which Mr. Mivart con­siders would be in­jur­i­ous, may be at­trib­uted to the habit, no doubt be­ne­fi­cial to the in­di­vidu­al and to the spe­cies, of en­deav­our­ing to look up­ward with both eyes, while rest­ing on one side at the bot­tom. We may also at­trib­ute to the in­her­ited ef­fects of use the fact of the mouth in sev­er­al kinds of flat­fish be­ing bent to­wards the lower sur­face, with the jaw bones stronger and more ef­fect­ive on this, the eye­less side of the head, than on the oth­er, for the sake, as Dr. Tra­quair sup­poses, of feed­ing with ease on the ground. Dis­use, on the oth­er hand, will ac­count for the less de­veloped con­di­tion of the whole in­feri­or half of the body, in­clud­ing the lat­er­al fins; though Yar­rel thinks that the re­duced size of these fins is ad­vant­age­ous to the fish, as “there is so much less room for their ac­tion than with the lar­ger fins above.” Per­haps the less­er num­ber of teeth in the pro­por­tion of four to sev­en in the up­per halves of the two jaws of the plaice, to twenty-five to thirty in the lower halves, may like­wise be ac­coun­ted for by dis­use. From the col­our­less state of the vent­ral sur­face of most fishes and of many oth­er an­im­als, we may reas­on­ably sup­pose that the ab­sence of col­our in flat­fish on the side, wheth­er it be the right or left, which is un­der-most, is due to the ex­clu­sion of light. But it can­not be sup­posed that the pe­cu­li­ar speckled ap­pear­ance of the up­per side of the sole, so like the sandy bed of the sea, or the power in some spe­cies, as re­cently shown by Pouchet, of chan­ging their col­our in ac­cord­ance with the sur­round­ing sur­face, or the pres­ence of bony tubercles on the up­per side of the tur­bot, are due to the ac­tion of the light. Here nat­ur­al se­lec­tion has prob­ably come in­to play, as well as in ad­apt­ing the gen­er­al shape of the body of these fishes, and many oth­er pe­cu­li­ar­it­ies, to their habits of life. We should keep in mind, as I have be­fore in­sisted, that the in­her­ited ef­fects of the in­creased use of parts, and per­haps of their dis­use, will be strengthened by nat­ur­al se­lec­tion. For all spon­tan­eous vari­ations in the right dir­ec­tion will thus be pre­served; as will those in­di­vidu­als which in­her­it in the highest de­gree the ef­fects of the in­creased and be­ne­fi­cial use of any part. How much to at­trib­ute in each par­tic­u­lar case to the ef­fects of use, and how much to nat­ur­al se­lec­tion, it seems im­possible to de­cide.

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

			

			The mam­mary glands are com­mon to the whole class of mam­mals, and are in­dis­pens­able for their ex­ist­ence; they must, there­fore, have been de­veloped at an ex­tremely re­mote peri­od, and we can know noth­ing pos­it­ively about their man­ner of de­vel­op­ment. Mr. Mivart asks: “Is it con­ceiv­able that the young of any an­im­al was ever saved from de­struc­tion by ac­ci­dent­ally suck­ing a drop of scarcely nu­tri­tious flu­id from an ac­ci­dent­ally hy­per­trophied cu­taneous gland of its moth­er? And even if one was so, what chance was there of the per­petu­ation of such a vari­ation?” But the case is not here put fairly. It is ad­mit­ted by most evol­u­tion­ists that mam­mals are des­cen­ded from a mar­supi­al form; and if so, the mam­mary glands will have been at first de­veloped with­in the mar­supi­al sack. In the case of the fish (Hip­po­cam­pus) the eggs are hatched, and the young are reared for a time, with­in a sack of this nature; and an Amer­ic­an nat­ur­al­ist, Mr. Lock­wood, be­lieves from what he has seen of the de­vel­op­ment of the young, that they are nour­ished by a se­cre­tion from the cu­taneous glands of the sack. Now, with the early pro­gen­it­ors of mam­mals, al­most be­fore they de­served to be thus des­ig­nated, is it not at least pos­sible that the young might have been sim­il­arly nour­ished? And in this case, the in­di­vidu­als which secreted a flu­id, in some de­gree or man­ner the most nu­tri­tious, so as to par­take of the nature of milk, would in the long run have reared a lar­ger num­ber of well-nour­ished off­spring, than would the in­di­vidu­als which secreted a poorer flu­id; and thus the cu­taneous glands, which are the homo­logues of the mam­mary glands, would have been im­proved or rendered more ef­fect­ive. It ac­cords with the widely ex­ten­ded prin­ciple of spe­cial­isa­tion, that the glands over a cer­tain space of the sack should have be­come more highly de­veloped than the re­mainder; and they would then have formed a breast, but at first without a nipple, as we see in the Or­ni­tho­rhyncus, at the base of the mam­mali­an series. Through what agency the glands over a cer­tain space be­came more highly spe­cial­ised than the oth­ers, I will not pre­tend to de­cide, wheth­er in part through com­pens­a­tion of growth, the ef­fects of use, or of nat­ur­al se­lec­tion.

			The de­vel­op­ment of the mam­mary glands would have been of no ser­vice, and could not have been af­fected through nat­ur­al se­lec­tion, un­less the young at the same time were able to par­take of the se­cre­tion. There is no great­er dif­fi­culty in un­der­stand­ing how young mam­mals have in­stinct­ively learned to suck the breast, than in un­der­stand­ing how un­hatched chick­ens have learned to break the egg­shell by tap­ping against it with their spe­cially ad­ap­ted beaks; or how a few hours after leav­ing the shell they have learned to pick up grains of food. In such cases the most prob­able solu­tion seems to be, that the habit was at first ac­quired by prac­tice at a more ad­vanced age, and af­ter­wards trans­mit­ted to the off­spring at an earli­er age. But the young kangaroo is said not to suck, only to cling to the nipple of its moth­er, who has the power of in­ject­ing milk in­to the mouth of her help­less, half-formed off­spring. On this head Mr. Mivart re­marks: “Did no spe­cial pro­vi­sion ex­ist, the young one must in­fal­libly be choked by the in­tru­sion of the milk in­to the wind­pipe. But there is a spe­cial pro­vi­sion. The larynx is so elong­ated that it rises up in­to the pos­teri­or end of the nas­al pas­sage, and is thus en­abled to give free en­trance to the air for the lungs, while the milk passes harm­lessly on each side of this elong­ated larynx, and so safely at­tains the gul­let be­hind it.” Mr. Mivart then asks how did nat­ur­al se­lec­tion re­move in the adult kangaroo (and in most oth­er mam­mals, on the as­sump­tion that they are des­cen­ded from a mar­supi­al form), “this at least per­fectly in­no­cent and harm­less struc­ture?” It may be sug­ges­ted in an­swer that the voice, which is cer­tainly of high im­port­ance to many an­im­als, could hardly have been used with full force as long as the larynx entered the nas­al pas­sage; and Pro­fess­or Flower has sug­ges­ted to me that this struc­ture would have greatly in­terfered with an an­im­al swal­low­ing sol­id food.

			We will now turn for a short space to the lower di­vi­sions of the an­im­al king­dom. The Ech­in­o­der­mata (star­fishes, sea-urchins, etc.) are fur­nished with re­mark­able or­gans, called pedi­cel­lari­ae, which con­sist, when well de­veloped, of a tri­dac­tyle for­ceps—that is, of one formed of three ser­rated arms, neatly fit­ting to­geth­er and placed on the sum­mit of a flex­ible stem, moved by muscles. These for­ceps can seize firmly hold of any ob­ject; and Al­ex­an­der Agassiz has seen an Ech­in­us or sea-urchin rap­idly passing particles of ex­cre­ment from for­ceps to for­ceps down cer­tain lines of its body, in or­der that its shell should not be fouled. But there is no doubt that be­sides re­mov­ing dirt of all kinds, they sub­serve oth­er func­tions; and one of these ap­par­ently is de­fence.

			With re­spect to these or­gans, Mr. Mivart, as on so many pre­vi­ous oc­ca­sions, asks: “What would be the util­ity of the first rudi­ment­ary be­gin­nings of such struc­tures, and how could such in­sipi­ent bud­dings have ever pre­served the life of a single Ech­in­us?” He adds, “not even the sud­den de­vel­op­ment of the snap­ping ac­tion would have been be­ne­fi­cial without the freely mov­able stalk, nor could the lat­ter have been ef­fi­cient without the snap­ping jaws, yet no minute, nearly in­def­in­ite vari­ations could sim­ul­tan­eously evolve these com­plex co­ordin­a­tions of struc­ture; to deny this seems to do no less than to af­firm a start­ling para­dox.” Para­dox­ic­al as this may ap­pear to Mr. Mivart, tri­dac­tyle for­cepses, im­mov­ably fixed at the base, but cap­able of a snap­ping ac­tion, cer­tainly ex­ist on some star­fishes; and this is in­tel­li­gible if they serve, at least in part, as a means of de­fence. Mr. Agassiz, to whose great kind­ness I am in­debted for much in­form­a­tion on the sub­ject, in­forms me that there are oth­er star­fishes, in which one of the three arms of the for­ceps is re­duced to a sup­port for the oth­er two; and again, oth­er gen­era in which the third arm is com­pletely lost. In Ech­in­oneus, the shell is de­scribed by M. Per­ri­er as bear­ing two kinds of pedi­cel­lari­ae, one re­sem­bling those of Ech­in­us, and the oth­er those of Spatan­gus; and such cases are al­ways in­ter­est­ing as af­ford­ing the means of ap­par­ently sud­den trans­itions, through the abor­tion of one of the two states of an or­gan.

			With re­spect to the steps by which these curi­ous or­gans have been evolved, Mr. Agassiz in­fers from his own re­searches and those of Mr. Muller, that both in star­fishes and sea-urchins the pedi­cel­lari­ae must un­doubtedly be looked at as mod­i­fied spines. This may be in­ferred from their man­ner of de­vel­op­ment in the in­di­vidu­al, as well as from a long and per­fect series of grad­a­tions in dif­fer­ent spe­cies and gen­era, from simple gran­ules to or­din­ary spines, to per­fect tri­dac­tyle pedi­cel­lari­ae. The grad­a­tion ex­tends even to the man­ner in which or­din­ary spines and the pedi­cel­lari­ae, with their sup­port­ing cal­careous rods, are ar­tic­u­lated to the shell. In cer­tain gen­era of star­fishes, “the very com­bin­a­tions needed to show that the pedi­cel­lari­ae are only mod­i­fied branch­ing spines” may be found. Thus we have fixed spines, with three equidistant, ser­rated, mov­able branches, ar­tic­u­lated to near their bases; and high­er up, on the same spine, three oth­er mov­able branches. Now when the lat­ter arise from the sum­mit of a spine they form, in fact, a rude tri­dac­tyle pedi­cel­lari­ae, and such may be seen on the same spine to­geth­er with the three lower branches. In this case the iden­tity in nature between the arms of the pedi­cel­lari­ae and the mov­able branches of a spine, is un­mis­tak­able. It is gen­er­ally ad­mit­ted that the or­din­ary spines serve as a pro­tec­tion; and if so, there can be no reas­on to doubt that those fur­nished with ser­rated and mov­able branches like­wise serve for the same pur­pose; and they would thus serve still more ef­fect­ively as soon as by meet­ing to­geth­er they ac­ted as a pre­hensile or snap­ping ap­par­at­us. Thus every grad­a­tion, from an or­din­ary fixed spine to a fixed pedi­cel­lari­ae, would be of ser­vice.

			In cer­tain gen­era of star­fishes these or­gans, in­stead of be­ing fixed or borne on an im­mov­able sup­port, are placed on the sum­mit of a flex­ible and mus­cu­lar, though short, stem; and in this case they prob­ably sub­serve some ad­di­tion­al func­tion be­sides de­fence. In the sea-urchins the steps can be fol­lowed by which a fixed spine be­comes ar­tic­u­lated to the shell, and is thus rendered mov­able. I wish I had space here to give a fuller ab­stract of Mr. Agassiz’s in­ter­est­ing ob­ser­va­tions on the de­vel­op­ment of the pedi­cel­lari­ae. All pos­sible grad­a­tions, as he adds, may like­wise be found between the pedi­cel­lari­ae of the star­fishes and the hooks of the Ophi­uri­ans, an­oth­er group of the Ech­in­o­der­mata; and again between the pedi­cel­lari­ae of sea-urchins and the an­chors of the Holo­thur­i­ae, also be­long­ing to the same great class.

			

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

			Mr. Mivart ad­duces this case, chiefly on ac­count of the sup­posed dif­fi­culty of or­gans, namely the avicu­laria of the Poly­zoa and the pedi­cel­lari­ae of the Ech­in­o­der­mata, which he con­siders as “es­sen­tially sim­il­ar,” hav­ing been de­veloped through nat­ur­al se­lec­tion in widely dis­tinct di­vi­sions of the an­im­al king­dom. But, as far as struc­ture is con­cerned, I can see no sim­il­ar­ity between tri­dac­tyle pedi­cel­lari­ae and avicu­laria. The lat­ter re­sembles some­what more closely the chelae or pin­cers of Crus­ta­ceans; and Mr. Mivart might have ad­duced with equal ap­pro­pri­ate­ness this re­semb­lance as a spe­cial dif­fi­culty, or even their re­semb­lance to the head and beak of a bird. The avicu­laria are be­lieved by Mr. Busk, Dr. Smitt and Dr. Nitsche—nat­ur­al­ists who have care­fully stud­ied this group—to be ho­mo­log­ous with the zooids and their cells which com­pose the zo­ophyte, the mov­able lip or lid of the cell cor­res­pond­ing with the lower and mov­able mand­ible of the avicu­lari­um. Mr. Busk, how­ever, does not know of any grad­a­tions now ex­ist­ing between a zooid and an avicu­lari­um. It is there­fore im­possible to con­jec­ture by what ser­vice­able grad­a­tions the one could have been con­ver­ted in­to the oth­er, but it by no means fol­lows from this that such grad­a­tions have not ex­is­ted.

			As the chelae of Crus­ta­ceans re­semble in some de­gree the avicu­laria of Poly­zoa, both serving as pin­cers, it may be worth while to show that with the former a long series of ser­vice­able grad­a­tions still ex­ists. In the first and simplest stage, the ter­min­al seg­ment of a limb shuts down either on the square sum­mit of the broad pen­ul­tim­ate seg­ment, or against one whole side, and is thus en­abled to catch hold of an ob­ject, but the limb still serves as an or­gan of lo­co­motion. We next find one corner of the broad pen­ul­tim­ate seg­ment slightly prom­in­ent, some­times fur­nished with ir­reg­u­lar teeth, and against these the ter­min­al seg­ment shuts down. By an in­crease in the size of this pro­jec­tion, with its shape, as well as that of the ter­min­al seg­ment, slightly mod­i­fied and im­proved, the pin­cers are rendered more and more per­fect, un­til we have at last an in­stru­ment as ef­fi­cient as the chelae of a lob­ster. And all these grad­a­tions can be ac­tu­ally traced.

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

			It is not easy to ima­gine two ob­jects more widely dif­fer­ent in ap­pear­ance than a bristle or vi­bracu­lum, and an avicu­lari­um like the head of a bird; yet they are al­most cer­tainly ho­mo­log­ous and have been de­veloped from the same com­mon source, namely a zooid with its cell. Hence, we can un­der­stand how it is that these or­gans gradu­ate in some cases, as I am in­formed by Mr. Busk, in­to each oth­er. Thus, with the avicu­laria of sev­er­al spe­cies of Lep­ralia, the mov­able mand­ible is so much pro­duced and is so like a bristle that the pres­ence of the up­per or fixed beak alone serves to de­term­ine its avicu­lari­an nature. The vi­brac­ula may have been dir­ectly de­veloped from the lips of the cells, without hav­ing passed through the avicu­lari­an stage; but it seems more prob­able that they have passed through this stage, as dur­ing the early stages of the trans­form­a­tion, the oth­er parts of the cell, with the in­cluded zooid, could hardly have dis­ap­peared at once. In many cases the vi­brac­ula have a grooved sup­port at the base, which seems to rep­res­ent the fixed beak; though this sup­port in some spe­cies is quite ab­sent. This view of the de­vel­op­ment of the vi­brac­ula, if trust­worthy, is in­ter­est­ing; for sup­pos­ing that all the spe­cies provided with avicu­laria had be­come ex­tinct, no one with the most vivid ima­gin­a­tion would ever have thought that the vi­brac­ula had ori­gin­ally ex­is­ted as part of an or­gan, re­sem­bling a bird’s head, or an ir­reg­u­lar box or hood. It is in­ter­est­ing to see two such widely dif­fer­ent or­gans de­veloped from a com­mon ori­gin; and as the mov­able lip of the cell serves as a pro­tec­tion to the zooid, there is no dif­fi­culty in be­liev­ing that all the grad­a­tions, by which the lip be­came con­ver­ted first in­to the lower mand­ible of an avicu­lari­um, and then in­to an elong­ated bristle, like­wise served as a pro­tec­tion in dif­fer­ent ways and un­der dif­fer­ent cir­cum­stances.

			

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

			With re­spect to the second chief pe­cu­li­ar­ity, namely, the little mass of vis­cid mat­ter at­tached to the end of the caud­icle, a long series of grad­a­tions can be spe­cified, each of plain ser­vice to the plant. In most flowers be­long­ing to oth­er or­ders the stigma secretes a little vis­cid mat­ter. Now, in cer­tain orch­ids sim­il­ar vis­cid mat­ter is secreted, but in much lar­ger quant­it­ies by one alone of the three stig­mas; and this stigma, per­haps in con­sequence of the co­pi­ous se­cre­tion, is rendered sterile. When an in­sect vis­its a flower of this kind, it rubs off some of the vis­cid mat­ter, and thus at the same time drags away some of the pol­len-grains. From this simple con­di­tion, which dif­fers but little from that of a mul­ti­tude of com­mon flowers, there are end­less grad­a­tions—to spe­cies in which the pol­len-mass ter­min­ates in a very short, free caud­icle—to oth­ers in which the caud­icle be­comes firmly at­tached to the vis­cid mat­ter, with the sterile stigma it­self much mod­i­fied. In this lat­ter case we have a pollini­um in its most highly de­veloped and per­fect con­di­tion. He who will care­fully ex­am­ine the flowers of orch­ids for him­self will not deny the ex­ist­ence of the above series of grad­a­tions—from a mass of pol­len-grains merely tied to­geth­er by threads, with the stigma dif­fer­ing but little from that of the or­din­ary flowers, to a highly com­plex pollini­um, ad­mir­ably ad­ap­ted for trans­portal by in­sects; nor will he deny that all the grad­a­tions in the sev­er­al spe­cies are ad­mir­ably ad­ap­ted in re­la­tion to the gen­er­al struc­ture of each flower for its fer­til­isa­tion by dif­fer­ent in­sects. In this, and in al­most every oth­er case, the en­quiry may be pushed fur­ther back­wards; and it may be asked how did the stigma of an or­din­ary flower be­come vis­cid, but as we do not know the full his­tory of any one group of be­ings, it is as use­less to ask, as it is hope­less to at­tempt an­swer­ing, such ques­tions.

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

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

			With re­spect to the sens­it­ive­ness of the foot-stalks of the leaves and flowers, and of tendrils, nearly the same re­marks are ap­plic­able as in the case of the re­volving move­ments of twin­ing plants. As a vast num­ber of spe­cies, be­long­ing to widely dis­tinct groups, are en­dowed with this kind of sens­it­ive­ness, it ought to be found in a nas­cent con­di­tion in many plants which have not be­come climbers. This is the case: I ob­served that the young flower-ped­uncles of the above Mauran­dia curved them­selves a little to­wards the side which was touched. Mor­ren found in sev­er­al spe­cies of Oxal­is that the leaves and their foot-stalks moved, es­pe­cially after ex­pos­ure to a hot sun, when they were gently and re­peatedly touched, or when the plant was shaken. I re­peated these ob­ser­va­tions on some oth­er spe­cies of Oxal­is with the same res­ult; in some of them the move­ment was dis­tinct, but was best seen in the young leaves; in oth­ers it was ex­tremely slight. It is a more im­port­ant fact that ac­cord­ing to the high au­thor­ity of Hofmeister, the young shoots and leaves of all plants move after be­ing shaken; and with climb­ing plants it is, as we know, only dur­ing the early stages of growth that the foot-stalks and tendrils are sens­it­ive.

			It is scarcely pos­sible that the above slight move­ments, due to a touch or shake, in the young and grow­ing or­gans of plants, can be of any func­tion­al im­port­ance to them. But plants pos­sess, in obed­i­ence to vari­ous stim­uli, powers of move­ment, which are of mani­fest im­port­ance to them; for in­stance, to­wards and more rarely from the light—in op­pos­i­tion to, and more rarely in the dir­ec­tion of, the at­trac­tion of grav­ity. When the nerves and muscles of an an­im­al are ex­cited by gal­van­ism or by the ab­sorp­tion of strych­nine, the con­sequent move­ments may be called an in­cid­ent­al res­ult, for the nerves and muscles have not been rendered spe­cially sens­it­ive to these stim­uli. So with plants it ap­pears that, from hav­ing the power of move­ment in obed­i­ence to cer­tain stim­uli, they are ex­cited in an in­cid­ent­al man­ner by a touch, or by be­ing shaken. Hence there is no great dif­fi­culty in ad­mit­ting that in the case of leaf-climbers and tendril-bear­ers, it is this tend­ency which has been taken ad­vant­age of and in­creased through nat­ur­al se­lec­tion. It is, how­ever, prob­able, from reas­ons which I have as­signed in my mem­oir, that this will have oc­curred only with plants which had already ac­quired the power of re­volving, and had thus be­come twiners.

			I have already en­deav­oured to ex­plain how plants be­came twiners, namely, by the in­crease of a tend­ency to slight and ir­reg­u­lar re­volving move­ments, which were at first of no use to them; this move­ment, as well as that due to a touch or shake, be­ing the in­cid­ent­al res­ult of the power of mov­ing, gained for oth­er and be­ne­fi­cial pur­poses. Wheth­er, dur­ing the gradu­al de­vel­op­ment of climb­ing plants, nat­ur­al se­lec­tion has been aided by the in­her­ited ef­fects of use, I will not pre­tend to de­cide; but we know that cer­tain peri­od­ic­al move­ments, for in­stance the so-called sleep of plants, are gov­erned by habit.

			

			I have now con­sidered enough, per­haps more than enough, of the cases, se­lec­ted with care by a skil­ful nat­ur­al­ist, to prove that nat­ur­al se­lec­tion is in­com­pet­ent to ac­count for the in­cip­i­ent stages of use­ful struc­tures; and I have shown, as I hope, that there is no great dif­fi­culty on this head. A good op­por­tun­ity has thus been af­forded for en­lar­ging a little on grad­a­tions of struc­ture, of­ten as­so­ci­ated with strange func­tions—an im­port­ant sub­ject, which was not treated at suf­fi­cient length in the former edi­tions of this work. I will now briefly re­capit­u­late the fore­go­ing cases.

			With the gir­affe, the con­tin­ued pre­ser­va­tion of the in­di­vidu­als of some ex­tinct high-reach­ing ru­min­ant, which had the longest necks, legs, etc., and could browse a little above the av­er­age height, and the con­tin­ued de­struc­tion of those which could not browse so high, would have suf­ficed for the pro­duc­tion of this re­mark­able quad­ruped; but the pro­longed use of all the parts, to­geth­er with in­her­it­ance, will have aided in an im­port­ant man­ner in their co­ordin­a­tion. With the many in­sects which im­it­ate vari­ous ob­jects, there is no im­prob­ab­il­ity in the be­lief that an ac­ci­dent­al re­semb­lance to some com­mon ob­ject was in each case the found­a­tion for the work of nat­ur­al se­lec­tion, since per­fec­ted through the oc­ca­sion­al pre­ser­va­tion of slight vari­ations which made the re­semb­lance at all closer; and this will have been car­ried on as long as the in­sect con­tin­ued to vary, and as long as a more and more per­fect re­semb­lance led to its es­cape from sharp-sighted en­emies. In cer­tain spe­cies of whales there is a tend­ency to the form­a­tion of ir­reg­u­lar little points of horn on the pal­ate; and it seems to be quite with­in the scope of nat­ur­al se­lec­tion to pre­serve all fa­vour­able vari­ations, un­til the points were con­ver­ted, first in­to lamel­lated knobs or teeth, like those on the beak of a goose—then in­to short lamel­lae, like those of the do­mest­ic ducks—and then in­to lamel­lae, as per­fect as those of the shov­el­ler-duck—and fi­nally in­to the gi­gant­ic plates of baleen, as in the mouth of the Green­land whale. In the fam­ily of the ducks, the lamel­lae are first used as teeth, then partly as teeth and partly as a sift­ing ap­par­at­us, and at last al­most ex­clus­ively for this lat­ter pur­pose.

			With such struc­tures as the above lamel­lae of horn or whale­bone, habit or use can have done little or noth­ing, as far as we can judge, to­wards their de­vel­op­ment. On the oth­er hand, the trans­portal of the lower eye of a flat­fish to the up­per side of the head, and the form­a­tion of a pre­hensile tail, may be at­trib­uted al­most wholly to con­tin­ued use, to­geth­er with in­her­it­ance. With re­spect to the mam­mae of the high­er an­im­als, the most prob­able con­jec­ture is that prim­or­di­ally the cu­taneous glands over the whole sur­face of a mar­supi­al sack secreted a nu­tri­tious flu­id; and that these glands were im­proved in func­tion through nat­ur­al se­lec­tion, and con­cen­trated in­to a con­fined area, in which case they would have formed a mamma. There is no more dif­fi­culty in un­der­stand­ing how the branched spines of some an­cient Ech­in­o­derm, which served as a de­fence, be­came de­veloped through nat­ur­al se­lec­tion in­to tri­dac­tyle pedi­cel­lari­ae, than in un­der­stand­ing the de­vel­op­ment of the pin­cers of crus­ta­ceans, through slight, ser­vice­able modi­fic­a­tions in the ul­ti­mate and pen­ul­tim­ate seg­ments of a limb, which was at first used solely for lo­co­motion. In the avicu­laria and vi­brac­ula of the Poly­zoa we have or­gans widely dif­fer­ent in ap­pear­ance de­veloped from the same source; and with the vi­brac­ula we can un­der­stand how the suc­cess­ive grad­a­tions might have been of ser­vice. With the pollin­ia of orch­ids, the threads which ori­gin­ally served to tie to­geth­er the pol­len-grains, can be traced co­her­ing in­to caud­icles; and the steps can like­wise be fol­lowed by which vis­cid mat­ter, such as that secreted by the stig­mas of or­din­ary flowers, and still sub­serving nearly but not quite the same pur­pose, be­came at­tached to the free ends of the caud­icles—all these grad­a­tions be­ing of mani­fest be­ne­fit to the plants in ques­tion. With re­spect to climb­ing plants, I need not re­peat what has been so lately said.

			It has of­ten been asked, if nat­ur­al se­lec­tion be so po­tent, why has not this or that struc­ture been gained by cer­tain spe­cies, to which it would ap­par­ently have been ad­vant­age­ous? But it is un­reas­on­able to ex­pect a pre­cise an­swer to such ques­tions, con­sid­er­ing our ig­nor­ance of the past his­tory of each spe­cies, and of the con­di­tions which at the present day de­term­ine its num­bers and range. In most cases only gen­er­al reas­ons, but in some few cases spe­cial reas­ons, can be as­signed. Thus to ad­apt a spe­cies to new habits of life, many co­ordin­ated modi­fic­a­tions are al­most in­dis­pens­able, and it may of­ten have happened that the re­quis­ite parts did not vary in the right man­ner or to the right de­gree. Many spe­cies must have been pre­ven­ted from in­creas­ing in num­bers through de­struct­ive agen­cies, which stood in no re­la­tion to cer­tain struc­tures, which we ima­gine would have been gained through nat­ur­al se­lec­tion from ap­pear­ing to us ad­vant­age­ous to the spe­cies. In this case, as the struggle for life did not de­pend on such struc­tures, they could not have been ac­quired through nat­ur­al se­lec­tion. In many cases com­plex and long-en­dur­ing con­di­tions, of­ten of a pe­cu­li­ar nature, are ne­ces­sary for the de­vel­op­ment of a struc­ture; and the re­quis­ite con­di­tions may sel­dom have con­curred. The be­lief that any giv­en struc­ture, which we think, of­ten er­ro­neously, would have been be­ne­fi­cial to a spe­cies, would have been gained un­der all cir­cum­stances through nat­ur­al se­lec­tion, is op­posed to what we can un­der­stand of its man­ner of ac­tion. Mr. Mivart does not deny that nat­ur­al se­lec­tion has ef­fected some­thing; but he con­siders it as “demon­strably in­suf­fi­cient” to ac­count for the phe­nom­ena which I ex­plain by its agency. His chief ar­gu­ments have now been con­sidered, and the oth­ers will here­after be con­sidered. They seem to me to par­take little of the char­ac­ter of demon­stra­tion, and to have little weight in com­par­is­on with those in fa­vour of the power of nat­ur­al se­lec­tion, aided by the oth­er agen­cies of­ten spe­cified. I am bound to add, that some of the facts and ar­gu­ments here used by me, have been ad­vanced for the same pur­pose in an able art­icle lately pub­lished in the Medico-Chirur­gic­al Re­view.

			At the present day al­most all nat­ur­al­ists ad­mit evol­u­tion un­der some form. Mr. Mivart be­lieves that spe­cies change through “an in­tern­al force or tend­ency,” about which it is not pre­ten­ded that any­thing is known. That spe­cies have a ca­pa­city for change will be ad­mit­ted by all evol­u­tion­ists; but there is no need, as it seems to me, to in­voke any in­tern­al force bey­ond the tend­ency to or­din­ary vari­ab­il­ity, which through the aid of se­lec­tion, by man has giv­en rise to many well-ad­ap­ted do­mest­ic races, and which, through the aid of nat­ur­al se­lec­tion, would equally well give rise by gradu­ated steps to nat­ur­al races or spe­cies. The fi­nal res­ult will gen­er­ally have been, as already ex­plained, an ad­vance, but in some few cases a ret­ro­gres­sion, in or­gan­isa­tion.

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

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

			My reas­ons for doubt­ing wheth­er nat­ur­al spe­cies have changed as ab­ruptly as have oc­ca­sion­ally do­mest­ic races, and for en­tirely dis­be­liev­ing that they have changed in the won­der­ful man­ner in­dic­ated by Mr. Mivart, are as fol­lows. Ac­cord­ing to our ex­per­i­ence, ab­rupt and strongly marked vari­ations oc­cur in our do­mest­ic­ated pro­duc­tions, singly and at rather long in­ter­vals of time. If such oc­curred un­der nature, they would be li­able, as formerly ex­plained, to be lost by ac­ci­dent­al causes of de­struc­tion and by sub­sequent in­ter­cross­ing; and so it is known to be un­der do­mest­ic­a­tion, un­less ab­rupt vari­ations of this kind are spe­cially pre­served and sep­ar­ated by the care of man. Hence, in or­der that a new spe­cies should sud­denly ap­pear in the man­ner sup­posed by Mr. Mivart, it is al­most ne­ces­sary to be­lieve, in op­pos­i­tion to all ana­logy, that sev­er­al won­der­fully changed in­di­vidu­als ap­peared sim­ul­tan­eously with­in the same dis­trict. This dif­fi­culty, as in the case of un­con­scious se­lec­tion by man, is avoided on the the­ory of gradu­al evol­u­tion, through the pre­ser­va­tion of a large num­ber of in­di­vidu­als, which var­ied more or less in any fa­vour­able dir­ec­tion, and of the de­struc­tion of a large num­ber which var­ied in an op­pos­ite man­ner.

			That many spe­cies have been evolved in an ex­tremely gradu­al man­ner, there can hardly be a doubt. The spe­cies and even the gen­era of many large nat­ur­al fam­il­ies are so closely al­lied to­geth­er that it is dif­fi­cult to dis­tin­guish not a few of them. On every con­tin­ent, in pro­ceed­ing from north to south, from low­land to up­land, etc., we meet with a host of closely re­lated or rep­res­ent­at­ive spe­cies; as we like­wise do on cer­tain dis­tinct con­tin­ents, which we have reas­on to be­lieve were formerly con­nec­ted. But in mak­ing these and the fol­low­ing re­marks, I am com­pelled to al­lude to sub­jects here­after to be dis­cussed. Look at the many outly­ing is­lands round a con­tin­ent, and see how many of their in­hab­it­ants can be raised only to the rank of doubt­ful spe­cies. So it is if we look to past times, and com­pare the spe­cies which have just passed away with those still liv­ing with­in the same areas; or if we com­pare the fossil spe­cies em­bed­ded in the sub-stages of the same geo­lo­gic­al form­a­tion. It is in­deed mani­fest that mul­ti­tudes of spe­cies are re­lated in the closest man­ner to oth­er spe­cies that still ex­ist, or have lately ex­is­ted; and it will hardly be main­tained that such spe­cies have been de­veloped in an ab­rupt or sud­den man­ner. Nor should it be for­got­ten, when we look to the spe­cial parts of al­lied spe­cies, in­stead of to dis­tinct spe­cies, that nu­mer­ous and won­der­fully fine grad­a­tions can be traced, con­nect­ing to­geth­er widely dif­fer­ent struc­tures.

			Many large groups of facts are in­tel­li­gible only on the prin­ciple that spe­cies have been evolved by very small steps. For in­stance, the fact that the spe­cies in­cluded in the lar­ger gen­era are more closely re­lated to each oth­er, and present a great­er num­ber of vari­et­ies than do the spe­cies in the smal­ler gen­era. The former are also grouped in little clusters, like vari­et­ies round spe­cies; and they present oth­er ana­lo­gies with vari­et­ies, as was shown in our second chapter. On this same prin­ciple we can un­der­stand how it is that spe­cif­ic char­ac­ters are more vari­able than gen­er­ic char­ac­ters; and how the parts which are de­veloped in an ex­traordin­ary de­gree or man­ner are more vari­able than oth­er parts of the same spe­cies. Many ana­log­ous facts, all point­ing in the same dir­ec­tion, could be ad­ded.

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

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

			He who be­lieves that some an­cient form was trans­formed sud­denly through an in­tern­al force or tend­ency in­to, for in­stance, one fur­nished with wings, will be al­most com­pelled to as­sume, in op­pos­i­tion to all ana­logy, that many in­di­vidu­als var­ied sim­ul­tan­eously. It can­not be denied that such ab­rupt and great changes of struc­ture are widely dif­fer­ent from those which most spe­cies ap­par­ently have un­der­gone. He will fur­ther be com­pelled to be­lieve that many struc­tures beau­ti­fully ad­ap­ted to all the oth­er parts of the same creature and to the sur­round­ing con­di­tions, have been sud­denly pro­duced; and of such com­plex and won­der­ful co-ad­apt­a­tions, he will not be able to as­sign a shad­ow of an ex­plan­a­tion. He will be forced to ad­mit that these great and sud­den trans­form­a­tions have left no trace of their ac­tion on the em­bryo. To ad­mit all this is, as it seems to me, to enter in­to the realms of mir­acle, and to leave those of sci­ence.

		
	
		
			
				VIII

				In­stinct

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

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

			Fre­d­er­ick Cu­vi­er and sev­er­al of the older meta­phys­i­cians have com­pared in­stinct with habit. This com­par­is­on gives, I think, an ac­cur­ate no­tion of the frame of mind un­der which an in­stinct­ive ac­tion is per­formed, but not ne­ces­sar­ily of its ori­gin. How un­con­sciously many ha­bitu­al ac­tions are per­formed, in­deed not rarely in dir­ect op­pos­i­tion to our con­scious will! yet they may be mod­i­fied by the will or reas­on. Habits eas­ily be­come as­so­ci­ated with oth­er habits, with cer­tain peri­ods of time and states of the body. When once ac­quired, they of­ten re­main con­stant through­out life. Sev­er­al oth­er points of re­semb­lance between in­stincts and habits could be poin­ted out. As in re­peat­ing a well-known song, so in in­stincts, one ac­tion fol­lows an­oth­er by a sort of rhythm; if a per­son be in­ter­rup­ted in a song, or in re­peat­ing any­thing by rote, he is gen­er­ally forced to go back to re­cov­er the ha­bitu­al train of thought: so P. Huber found it was with a cater­pil­lar, which makes a very com­plic­ated ham­mock; for if he took a cater­pil­lar which had com­pleted its ham­mock up to, say, the sixth stage of con­struc­tion, and put it in­to a ham­mock com­pleted up only to the third stage, the cater­pil­lar simply re-per­formed the fourth, fifth, and sixth stages of con­struc­tion. If, how­ever, a cater­pil­lar were taken out of a ham­mock made up, for in­stance, to the third stage, and were put in­to one fin­ished up to the sixth stage, so that much of its work was already done for it, far from de­riv­ing any be­ne­fit from this, it was much em­bar­rassed, and, in or­der to com­plete its ham­mock, seemed forced to start from the third stage, where it had left off, and thus tried to com­plete the already fin­ished work.

			If we sup­pose any ha­bitu­al ac­tion to be­come in­her­ited—and it can be shown that this does some­times hap­pen—then the re­semb­lance between what ori­gin­ally was a habit and an in­stinct be­comes so close as not to be dis­tin­guished. If Moz­art, in­stead of play­ing the pi­ano­forte at three years old with won­der­fully little prac­tice, had played a tune with no prac­tice at all, be might truly be said to have done so in­stinct­ively. But it would be a ser­i­ous er­ror to sup­pose that the great­er num­ber of in­stincts have been ac­quired by habit in one gen­er­a­tion, and then trans­mit­ted by in­her­it­ance to suc­ceed­ing gen­er­a­tions. It can be clearly shown that the most won­der­ful in­stincts with which we are ac­quain­ted, namely, those of the hive-bee and of many ants, could not pos­sibly have been ac­quired by habit.

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

			No com­plex in­stinct can pos­sibly be pro­duced through nat­ur­al se­lec­tion, ex­cept by the slow and gradu­al ac­cu­mu­la­tion of nu­mer­ous, slight, yet prof­it­able, vari­ations. Hence, as in the case of cor­por­eal struc­tures, we ought to find in nature, not the ac­tu­al trans­ition­al grad­a­tions by which each com­plex in­stinct has been ac­quired—for these could be found only in the lin­eal an­cest­ors of each spe­cies—but we ought to find in the col­lat­er­al lines of des­cent some evid­ence of such grad­a­tions; or we ought at least to be able to show that grad­a­tions of some kind are pos­sible; and this we cer­tainly can do. I have been sur­prised to find, mak­ing al­low­ance for the in­stincts of an­im­als hav­ing been but little ob­served, ex­cept in Europe and North Amer­ica, and for no in­stinct be­ing known among ex­tinct spe­cies, how very gen­er­ally grad­a­tions, lead­ing to the most com­plex in­stincts, can be dis­covered. Changes of in­stinct may some­times be fa­cil­it­ated by the same spe­cies hav­ing dif­fer­ent in­stincts at dif­fer­ent peri­ods of life, or at dif­fer­ent sea­sons of the year, or when placed un­der dif­fer­ent cir­cum­stances, etc.; in which case either the one or the oth­er in­stinct might be pre­served by nat­ur­al se­lec­tion. And such in­stances of di­versity of in­stinct in the same spe­cies can be shown to oc­cur in nature.

			Again, as in the case of cor­por­eal struc­ture, and con­form­ably to my the­ory, the in­stinct of each spe­cies is good for it­self, but has nev­er, as far as we can judge, been pro­duced for the ex­clus­ive good of oth­ers. One of the strongest in­stances of an an­im­al ap­par­ently per­form­ing an ac­tion for the sole good of an­oth­er, with which I am ac­quain­ted, is that of aph­ides vol­un­tar­ily yield­ing, as was first ob­served by Huber, their sweet ex­cre­tion to ants: that they do so vol­un­tar­ily, the fol­low­ing facts show. I re­moved all the ants from a group of about a dozen aph­ides on a dock-plant, and pre­ven­ted their at­tend­ance dur­ing sev­er­al hours. After this in­ter­val, I felt sure that the aph­ides would want to ex­crete. I watched them for some time through a lens, but not one ex­creted; I then tickled and stroked them with a hair in the same man­ner, as well as I could, as the ants do with their an­ten­nae; but not one ex­creted. Af­ter­wards, I al­lowed an ant to vis­it them, and it im­me­di­ately seemed, by its eager way of run­ning about to be well aware what a rich flock it had dis­covered; it then began to play with its an­ten­nae on the ab­do­men first of one aph­is and then of an­oth­er; and each, as soon as it felt the an­ten­nae, im­me­di­ately lif­ted up its ab­do­men and ex­creted a limp­id drop of sweet juice, which was eagerly de­voured by the ant. Even the quite young aph­ides be­haved in this man­ner, show­ing that the ac­tion was in­stinct­ive, and not the res­ult of ex­per­i­ence. It is cer­tain, from the ob­ser­va­tions of Huber, that the aph­ides show no dis­like to the ants: if the lat­ter be not present they are at last com­pelled to eject their ex­cre­tion. But as the ex­cre­tion is ex­tremely vis­cid, it is no doubt a con­veni­ence to the aph­ides to have it re­moved; there­fore prob­ably they do not ex­crete solely for the good of the ants. Al­though there is no evid­ence that any an­im­al per­forms an ac­tion for the ex­clus­ive good of an­oth­er spe­cies, yet each tries to take ad­vant­age of the in­stincts of oth­ers, as each takes ad­vant­age of the weak­er bod­ily struc­ture of oth­er spe­cies. So again cer­tain in­stincts can­not be con­sidered as ab­so­lutely per­fect; but as de­tails on this and oth­er such points are not in­dis­pens­able, they may be here passed over.

			As some de­gree of vari­ation in in­stincts un­der a state of nature, and the in­her­it­ance of such vari­ations, are in­dis­pens­able for the ac­tion of nat­ur­al se­lec­tion, as many in­stances as pos­sible ought to be giv­en; but want of space pre­vents me. I can only as­sert that in­stincts cer­tainly do vary—for in­stance, the mi­grat­ory in­stinct, both in ex­tent and dir­ec­tion, and in its total loss. So it is with the nests of birds, which vary partly in de­pend­ence on the situ­ations chosen, and on the nature and tem­per­at­ure of the coun­try in­hab­ited, but of­ten from causes wholly un­known to us. Audu­bon has giv­en sev­er­al re­mark­able cases of dif­fer­ences in the nests of the same spe­cies in the north­ern and south­ern United States. Why, it has been asked, if in­stinct be vari­able, has it not gran­ted to the bee “the abil­ity to use some oth­er ma­ter­i­al when wax was de­fi­cient?” But what oth­er nat­ur­al ma­ter­i­al could bees use? They will work, as I have seen, with wax hardened with ver­mil­ion or softened with lard. An­drew Knight ob­served that his bees, in­stead of la­bor­i­ously col­lect­ing pro­pol­is, used a ce­ment of wax and tur­pen­tine, with which he had covered de­cor­tic­ated trees. It has lately been shown that bees, in­stead of search­ing for pol­len, will gladly use a very dif­fer­ent sub­stance, namely, oat­meal. Fear of any par­tic­u­lar en­emy is cer­tainly an in­stinct­ive qual­ity, as may be seen in nest­ling birds, though it is strengthened by ex­per­i­ence, and by the sight of fear of the same en­emy in oth­er an­im­als. The fear of man is slowly ac­quired, as I have else­where shown, by the vari­ous an­im­als which in­hab­it desert is­lands; and we see an in­stance of this, even in Eng­land, in the great­er wild­ness of all our large birds in com­par­is­on with our small birds; for the large birds have been most per­se­cuted by man. We may safely at­trib­ute the great­er wild­ness of our large birds to this cause; for in un­in­hab­ited is­lands large birds are not more fear­ful than small; and the mag­pie, so wary in Eng­land, is tame in Nor­way, as is the hooded crow in Egypt.

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

			
				Inherited Changes of Habit or Instinct in Domesticated Animals

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

				How strongly these do­mest­ic in­stincts, habits, and dis­pos­i­tions are in­her­ited, and how curi­ously they be­come mingled, is well shown when dif­fer­ent breeds of dogs are crossed. Thus it is known that a cross with a bull­dog has af­fected for many gen­er­a­tions the cour­age and ob­stin­acy of grey­hounds; and a cross with a grey­hound has giv­en to a whole fam­ily of shep­herd-dogs a tend­ency to hunt hares. These do­mest­ic in­stincts, when thus tested by cross­ing, re­semble nat­ur­al in­stincts, which in a like man­ner be­come curi­ously blen­ded to­geth­er, and for a long peri­od ex­hib­it traces of the in­stincts of either par­ent: for ex­ample, Le Roy de­scribes a dog, whose great-grand­fath­er was a wolf, and this dog showed a trace of its wild par­ent­age only in one way, by not com­ing in a straight line to his mas­ter, when called.

				Do­mest­ic in­stincts are some­times spoken of as ac­tions which have be­come in­her­ited solely from long-con­tin­ued and com­puls­ory habit, but this is not true. No one would ever have thought of teach­ing, or prob­ably could have taught, the tum­bler-pi­geon to tumble—an ac­tion which, as I have wit­nessed, is per­formed by young birds, that have nev­er seen a pi­geon tumble. We may be­lieve that some one pi­geon showed a slight tend­ency to this strange habit, and that the long-con­tin­ued se­lec­tion of the best in­di­vidu­als in suc­cess­ive gen­er­a­tions made tum­blers what they now are; and near Glas­gow there are house-tum­blers, as I hear from Mr. Brent, which can­not fly eight­een inches high without go­ing head over heels. It may be doubted wheth­er any­one would have thought of train­ing a dog to point, had not some one dog nat­ur­ally shown a tend­ency in this line; and this is known oc­ca­sion­ally to hap­pen, as I once saw, in a pure ter­ri­er: the act of point­ing is prob­ably, as many have thought, only the ex­ag­ger­ated pause of an an­im­al pre­par­ing to spring on its prey. When the first tend­ency to point was once dis­played, meth­od­ic­al se­lec­tion and the in­her­ited ef­fects of com­puls­ory train­ing in each suc­cess­ive gen­er­a­tion would soon com­plete the work; and un­con­scious se­lec­tion is still in pro­gress, as each man tries to pro­cure, without in­tend­ing to im­prove the breed, dogs which stand and hunt best. On the oth­er hand, habit alone in some cases has suf­ficed; hardly any an­im­al is more dif­fi­cult to tame than the young of the wild rab­bit; scarcely any an­im­al is tamer than the young of the tame rab­bit; but I can hardly sup­pose that do­mest­ic rab­bits have of­ten been se­lec­ted for tame­ness alone; so that we must at­trib­ute at least the great­er part of the in­her­ited change from ex­treme wild­ness to ex­treme tame­ness, to habit and long-con­tin­ued close con­fine­ment.

				Nat­ur­al in­stincts are lost un­der do­mest­ic­a­tion: a re­mark­able in­stance of this is seen in those breeds of fowls which very rarely or nev­er be­come “broody,” that is, nev­er wish to sit on their eggs. Fa­mili­ar­ity alone pre­vents our see­ing how largely and how per­man­ently the minds of our do­mest­ic an­im­als have been mod­i­fied. It is scarcely pos­sible to doubt that the love of man has be­come in­stinct­ive in the dog. All wolves, foxes, jack­als and spe­cies of the cat genus, when kept tame, are most eager to at­tack poultry, sheep and pigs; and this tend­ency has been found in­cur­able in dogs which have been brought home as pup­pies from coun­tries such as Tierra del Fuego and Aus­tralia, where the sav­ages do not keep these do­mest­ic an­im­als. How rarely, on the oth­er hand, do our civ­il­ised dogs, even when quite young, re­quire to be taught not to at­tack poultry, sheep, and pigs! No doubt they oc­ca­sion­ally do make an at­tack, and are then beaten; and if not cured, they are des­troyed; so that habit and some de­gree of se­lec­tion have prob­ably con­curred in civil­ising by in­her­it­ance our dogs. On the oth­er hand, young chick­ens have lost wholly by habit, that fear of the dog and cat which no doubt was ori­gin­ally in­stinct­ive in them, for I am in­formed by Cap­tain Hut­ton that the young chick­ens of the par­ent stock, the Gal­lus bankiva, when reared in In­dia un­der a hen, are at first ex­cess­ively wild. So it is with young pheas­ants reared in Eng­land un­der a hen. It is not that chick­ens have lost all fear, but fear only of dogs and cats, for if the hen gives the danger chuckle they will run (more es­pe­cially young tur­keys) from un­der her and con­ceal them­selves in the sur­round­ing grass or thick­ets; and this is evid­ently done for the in­stinct­ive pur­pose of al­low­ing, as we see in wild ground-birds, their moth­er to fly away. But this in­stinct re­tained by our chick­ens has be­come use­less un­der do­mest­ic­a­tion, for the moth­er-hen has al­most lost by dis­use the power of flight.

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

			
			
				Special Instincts

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

			
			
				Instincts of the Cuckoo

				It is sup­posed by some nat­ur­al­ists that the more im­me­di­ate cause of the in­stinct of the cuckoo is that she lays her eggs, not daily, but at in­ter­vals of two or three days; so that, if she were to make her own nest and sit on her own eggs, those first laid would have to be left for some time un­in­cub­ated or there would be eggs and young birds of dif­fer­ent ages in the same nest. If this were the case the pro­cess of lay­ing and hatch­ing might be in­con­veni­ently long, more es­pe­cially as she mi­grates at a very early peri­od; and the first hatched young would prob­ably have to be fed by the male alone. But the Amer­ic­an cuckoo is in this pre­dic­a­ment, for she makes her own nest and has eggs and young suc­cess­ively hatched, all at the same time. It has been both as­ser­ted and denied that the Amer­ic­an cuckoo oc­ca­sion­ally lays her eggs in oth­er birds’ nests; but I have lately heard from Dr. Mer­rill, of Iowa, that he once found in Illinois a young cuckoo, to­geth­er with a young jay in the nest of a blue jay (Gar­rulus cristatus); and as both were nearly full feathered, there could be no mis­take in their iden­ti­fic­a­tion. I could also give sev­er­al in­stances of vari­ous birds which have been known oc­ca­sion­ally to lay their eggs in oth­er birds’ nests. Now let us sup­pose that the an­cient pro­gen­it­or of our European cuckoo had the habits of the Amer­ic­an cuckoo, and that she oc­ca­sion­ally laid an egg in an­oth­er bird’s nest. If the old bird profited by this oc­ca­sion­al habit through be­ing en­abled to emig­rate earli­er or through any oth­er cause; or if the young were made more vig­or­ous by ad­vant­age be­ing taken of the mis­taken in­stinct of an­oth­er spe­cies than when reared by their own moth­er, en­cumbered as she could hardly fail to be by hav­ing eggs and young of dif­fer­ent ages at the same time, then the old birds or the fostered young would gain an ad­vant­age. And ana­logy would lead us to be­lieve that the young thus reared would be apt to fol­low by in­her­it­ance the oc­ca­sion­al and ab­er­rant habit of their moth­er, and in their turn would be apt to lay their eggs in oth­er birds’ nests, and thus be more suc­cess­ful in rear­ing their young. By a con­tin­ued pro­cess of this nature, I be­lieve that the strange in­stinct of our cuckoo has been gen­er­ated. It has, also re­cently been as­cer­tained on suf­fi­cient evid­ence, by Ad­olf Muller, that the cuckoo oc­ca­sion­ally lays her eggs on the bare ground, sits on them and feeds her young. This rare event is prob­ably a case of re­ver­sion to the long-lost, ab­ori­gin­al in­stinct of nid­i­fic­a­tion.

				It has been ob­jec­ted that I have not no­ticed oth­er re­lated in­stincts and ad­apt­a­tions of struc­ture in the cuckoo, which are spoken of as ne­ces­sar­ily co­ordin­ated. But in all cases, spec­u­la­tion on an in­stinct known to us only in a single spe­cies, is use­less, for we have hitherto had no facts to guide us. Un­til re­cently the in­stincts of the European and of the non­para­sit­ic Amer­ic­an cuckoo alone were known; now, ow­ing to Mr. Ram­say’s ob­ser­va­tions, we have learned some­thing about three Aus­trali­an spe­cies, which lay their eggs in oth­er birds’ nests. The chief points to be re­ferred to are three: first, that the com­mon cuckoo, with rare ex­cep­tions, lays only one egg in a nest, so that the large and vo­ra­cious young bird re­ceives ample food. Secondly, that the eggs are re­mark­ably small, not ex­ceed­ing those of the sky­lark—a bird about one-fourth as large as the cuckoo. That the small size of the egg is a real case of ad­apt­a­tion we may in­fer from the fact of the non-para­sit­ic Amer­ic­an cuckoo lay­ing full-sized eggs. Thirdly, that the young cuckoo, soon after birth, has the in­stinct, the strength and a prop­erly shaped back for eject­ing its foster-broth­ers, which then per­ish from cold and hun­ger. This has been boldly called a be­ne­fi­cent ar­range­ment, in or­der that the young cuckoo may get suf­fi­cient food, and that its foster-broth­ers may per­ish be­fore they had ac­quired much feel­ing!

				Turn­ing now to the Aus­trali­an spe­cies: though these birds gen­er­ally lay only one egg in a nest, it is not rare to find two and even three eggs in the same nest. In the bronze cuckoo the eggs vary greatly in size, from eight to ten lines in length. Now, if it had been of an ad­vant­age to this spe­cies to have laid eggs even smal­ler than those now laid, so as to have de­ceived cer­tain foster-par­ents, or, as is more prob­able, to have been hatched with­in a short­er peri­od (for it is as­ser­ted that there is a re­la­tion between the size of eggs and the peri­od of their in­cub­a­tion), then there is no dif­fi­culty in be­liev­ing that a race or spe­cies might have been formed which would have laid smal­ler and smal­ler eggs; for these would have been more safely hatched and reared. Mr. Ram­say re­marks that two of the Aus­trali­an cuckoos, when they lay their eggs in an open nest, mani­fest a de­cided pref­er­ence for nests con­tain­ing eggs sim­il­ar in col­our to their own. The European spe­cies ap­par­ently mani­fests some tend­ency to­wards a sim­il­ar in­stinct, but not rarely de­parts from it, as is shown by her lay­ing her dull and pale-col­oured eggs in the nest of the hedge-warbler with bright green­ish-blue eggs. Had our cuckoo in­vari­ably dis­played the above in­stinct, it would as­suredly have been ad­ded to those which it is as­sumed must all have been ac­quired to­geth­er. The eggs of the Aus­trali­an bronze cuckoo vary, ac­cord­ing to Mr. Ram­say, to an ex­traordin­ary de­gree in col­our; so that in this re­spect, as well as in size, nat­ur­al se­lec­tion might have se­cured and fixed any ad­vant­age­ous vari­ation.

				In the case of the European cuckoo, the off­spring of the foster-par­ents are com­monly ejec­ted from the nest with­in three days after the cuckoo is hatched; and as the lat­ter at this age is in a most help­less con­di­tion, Mr. Gould was formerly in­clined to be­lieve that the act of ejec­tion was per­formed by the foster-par­ents them­selves. But he has now re­ceived a trust­worthy ac­count of a young cuckoo which was ac­tu­ally seen, while still blind and not able even to hold up its own head, in the act of eject­ing its foster-broth­ers. One of these was re­placed in the nest by the ob­serv­er, and was again thrown out. With re­spect to the means by which this strange and odi­ous in­stinct was ac­quired, if it were of great im­port­ance for the young cuckoo, as is prob­ably the case, to re­ceive as much food as pos­sible soon after birth, I can see no spe­cial dif­fi­culty in its hav­ing gradu­ally ac­quired, dur­ing suc­cess­ive gen­er­a­tions, the blind de­sire, the strength, and struc­ture ne­ces­sary for the work of ejec­tion; for those cuckoos which had such habits and struc­ture best de­veloped would be the most se­curely reared. The first step to­wards the ac­quis­i­tion of the prop­er in­stinct might have been mere un­in­ten­tion­al rest­less­ness on the part of the young bird, when some­what ad­vanced in age and strength; the habit hav­ing been af­ter­wards im­proved, and trans­mit­ted to an earli­er age. I can see no more dif­fi­culty in this than in the un­hatched young of oth­er birds ac­quir­ing the in­stinct to break through their own shells; or than in young snakes ac­quir­ing in their up­per jaws, as Owen has re­marked, a trans­it­ory sharp tooth for cut­ting through the tough egg­shell. For if each part is li­able to in­di­vidu­al vari­ations at all ages, and the vari­ations tend to be in­her­ited at a cor­res­pond­ing or earli­er age—pro­pos­i­tions which can­not be dis­puted—then the in­stincts and struc­ture of the young could be slowly mod­i­fied as surely as those of the adult; and both cases must stand or fall to­geth­er with the whole the­ory of nat­ur­al se­lec­tion.

				Some spe­cies of Mo­lo­thrus, a widely dis­tinct genus of Amer­ic­an birds, al­lied to our starlings, have para­sit­ic habits like those of the cuckoo; and the spe­cies present an in­ter­est­ing grad­a­tion in the per­fec­tion of their in­stincts. The sexes of Mo­lo­thrus ba­di­us are stated by an ex­cel­lent ob­serv­er, Mr. Hud­son, some­times to live promis­cu­ously to­geth­er in flocks, and some­times to pair. They either build a nest of their own or seize on one be­long­ing to some oth­er bird, oc­ca­sion­ally throw­ing out the nest­lings of the stranger. They either lay their eggs in the nest thus ap­pro­pri­ated, or oddly enough build one for them­selves on the top of it. They usu­ally sit on their own eggs and rear their own young; but Mr. Hud­son says it is prob­able that they are oc­ca­sion­ally para­sit­ic, for he has seen the young of this spe­cies fol­low­ing old birds of a dis­tinct kind and clam­our­ing to be fed by them. The para­sit­ic habits of an­oth­er spe­cies of Mo­lo­thrus, the M. bon­ari­en­sis, are much more highly de­veloped than those of the last, but are still far from per­fect. This bird, as far as it is known, in­vari­ably lays its eggs in the nests of strangers; but it is re­mark­able that sev­er­al to­geth­er some­times com­mence to build an ir­reg­u­lar un­tidy nest of their own, placed in sin­gu­lar ill-ad­ap­ted situ­ations, as on the leaves of a large thistle. They nev­er, how­ever, as far as Mr. Hud­son has as­cer­tained, com­plete a nest for them­selves. They of­ten lay so many eggs—from fif­teen to twenty—in the same foster-nest, that few or none can pos­sibly be hatched. They have, moreover, the ex­traordin­ary habit of peck­ing holes in the eggs, wheth­er of their own spe­cies or of their foster par­ents, which they find in the ap­pro­pri­ated nests. They drop also many eggs on the bare ground, which are thus wasted. A third spe­cies, the M. pecor­is of North Amer­ica, has ac­quired in­stincts as per­fect as those of the cuckoo, for it nev­er lays more than one egg in a foster-nest, so that the young bird is se­curely reared. Mr. Hud­son is a strong dis­be­liev­er in evol­u­tion, but he ap­pears to have been so much struck by the im­per­fect in­stincts of the Mo­lo­thrus bon­ari­en­sis that he quotes my words, and asks, “Must we con­sider these habits, not as es­pe­cially en­dowed or cre­ated in­stincts, but as small con­sequences of one gen­er­al law, namely, trans­ition?”

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

				Many bees are para­sit­ic, and reg­u­larly lay their eggs in the nests of oth­er kinds of bees. This case is more re­mark­able than that of the cuckoo; for these bees have not only had their in­stincts but their struc­ture mod­i­fied in ac­cord­ance with their para­sit­ic habits; for they do not pos­sess the pol­len-col­lect­ing ap­par­at­us which would have been in­dis­pens­able if they had stored up food for their own young. Some spe­cies of Sphegid­ae (wasp-like in­sects) are like­wise para­sit­ic; and M. Fabre has lately shown good reas­on for be­liev­ing that, al­though the Ta­chytes nigra gen­er­ally makes its own bur­row and stores it with para­lysed prey for its own lar­vae, yet that, when this in­sect finds a bur­row already made and stored by an­oth­er sphex, it takes ad­vant­age of the prize, and be­comes for the oc­ca­sion para­sit­ic. In this case, as with that of the Mo­lo­thrus or cuckoo, I can see no dif­fi­culty in nat­ur­al se­lec­tion mak­ing an oc­ca­sion­al habit per­man­ent, if of ad­vant­age to the spe­cies, and if the in­sect whose nest and stored food are felo­ni­ously ap­pro­pri­ated, be not thus ex­term­in­ated.

			
			
				Slave-Making Instinct

				This re­mark­able in­stinct was first dis­covered in the Formica (Poly­erges) rufes­cens by Pierre Huber, a bet­ter ob­serv­er even than his cel­eb­rated fath­er. This ant is ab­so­lutely de­pend­ent on its slaves; without their aid, the spe­cies would cer­tainly be­come ex­tinct in a single year. The males and fer­tile fe­males do no work of any kind, and the work­ers or sterile fe­males, though most en­er­get­ic and cour­ageous in cap­tur­ing slaves, do no oth­er work. They are in­cap­able of mak­ing their own nests, or of feed­ing their own lar­vae. When the old nest is found in­con­veni­ent, and they have to mi­grate, it is the slaves which de­term­ine the mi­gra­tion, and ac­tu­ally carry their mas­ters in their jaws. So ut­terly help­less are the mas­ters, that when Huber shut up thirty of them without a slave, but with plenty of the food which they like best, and with their lar­vae and pupae to stim­u­late them to work, they did noth­ing; they could not even feed them­selves, and many per­ished of hun­ger. Huber then in­tro­duced a single slave (F. fusca), and she in­stantly set to work, fed and saved the sur­viv­ors; made some cells and ten­ded the lar­vae, and put all to rights. What can be more ex­traordin­ary than these well-as­cer­tained facts? If we had not known of any oth­er slave-mak­ing ant, it would have been hope­less to spec­u­late how so won­der­ful an in­stinct could have been per­fec­ted.

				An­oth­er spe­cies, Formica san­guinea, was like­wise first dis­covered by P. Huber to be a slave-mak­ing ant. This spe­cies is found in the south­ern parts of Eng­land, and its habits have been at­ten­ded to by Mr. F. Smith, of the Brit­ish Mu­seum, to whom I am much in­debted for in­form­a­tion on this and oth­er sub­jects. Al­though fully trust­ing to the state­ments of Huber and Mr. Smith, I tried to ap­proach the sub­ject in a scep­tic­al frame of mind, as any­one may well be ex­cused for doubt­ing the ex­ist­ence of so ex­traordin­ary an in­stinct as that of mak­ing slaves. Hence, I will give the ob­ser­va­tions which I made in some little de­tail. I opened four­teen nests of F. san­guinea, and found a few slaves in all. Males and fer­tile fe­males of the slave-spe­cies (F. fusca) are found only in their own prop­er com­munit­ies, and have nev­er been ob­served in the nests of F. san­guinea. The slaves are black and not above half the size of their red mas­ters, so that the con­trast in their ap­pear­ance is great. When the nest is slightly dis­turbed, the slaves oc­ca­sion­ally come out, and like their mas­ters are much agit­ated and de­fend the nest: when the nest is much dis­turbed, and the lar­vae and pupae are ex­posed, the slaves work en­er­get­ic­ally to­geth­er with their mas­ters in car­ry­ing them away to a place of safety. Hence, it is clear that the slaves feel quite at home. Dur­ing the months of June and Ju­ly, on three suc­cess­ive years, I watched for many hours sev­er­al nests in Sur­rey and Sus­sex, and nev­er saw a slave either leave or enter a nest. As, dur­ing these months, the slaves are very few in num­ber, I thought that they might be­have dif­fer­ently when more nu­mer­ous; but Mr. Smith in­forms me that he has watched the nests at vari­ous hours dur­ing May, June and Au­gust, both in Sur­rey and Hamp­shire, and has nev­er seen the slaves, though present in large num­bers in Au­gust, either leave or enter the nest. Hence, he con­siders them as strictly house­hold slaves. The mas­ters, on the oth­er hand, may be con­stantly seen bring­ing in ma­ter­i­als for the nest, and food of all kinds. Dur­ing the year 1860, how­ever, in the month of Ju­ly, I came across a com­munity with an un­usu­ally large stock of slaves, and I ob­served a few slaves mingled with their mas­ters leav­ing the nest, and march­ing along the same road to a tall Scotch-fir tree, twenty-five yards dis­tant, which they as­cen­ded to­geth­er, prob­ably in search of aph­ides or cocci. Ac­cord­ing to Huber, who had ample op­por­tun­it­ies for ob­ser­va­tion, the slaves in Switzer­land ha­bitu­ally work with their mas­ters in mak­ing the nest, and they alone open and close the doors in the morn­ing and even­ing; and, as Huber ex­pressly states, their prin­cip­al of­fice is to search for aph­ides. This dif­fer­ence in the usu­al habits of the mas­ters and slaves in the two coun­tries, prob­ably de­pends merely on the slaves be­ing cap­tured in great­er num­bers in Switzer­land than in Eng­land.

				One day I for­tu­nately wit­nessed a mi­gra­tion of F. san­guinea from one nest to an­oth­er, and it was a most in­ter­est­ing spec­tacle to be­hold the mas­ters care­fully car­ry­ing their slaves in their jaws in­stead of be­ing car­ried by them, as in the case of F. rufes­cens. An­oth­er day my at­ten­tion was struck by about a score of the slave-makers haunt­ing the same spot, and evid­ently not in search of food; they ap­proached and were vig­or­ously re­pulsed by an in­de­pend­ent com­munity of the slave spe­cies (F. fusca); some­times as many as three of these ants cling­ing to the legs of the slave-mak­ing F. san­guinea. The lat­ter ruth­lessly killed their small op­pon­ents and car­ried their dead bod­ies as food to their nest, twenty-nine yards dis­tant; but they were pre­ven­ted from get­ting any pupae to rear as slaves. I then dug up a small par­cel of the pupae of F. fusca from an­oth­er nest, and put them down on a bare spot near the place of com­bat; they were eagerly seized and car­ried off by the tyr­ants, who per­haps fan­cied that, after all, they had been vic­tori­ous in their late com­bat.

				At the same time I laid on the same place a small par­cel of the pupae of an­oth­er spe­cies, F. flava, with a few of these little yel­low ants still cling­ing to the frag­ments of their nest. This spe­cies is some­times, though rarely, made in­to slaves, as has been de­scribed by Mr. Smith. Al­though so small a spe­cies, it is very cour­ageous, and I have seen it fe­ro­ciously at­tack oth­er ants. In one in­stance I found to my sur­prise an in­de­pend­ent com­munity of F. flava un­der a stone be­neath a nest of the slave-mak­ing F. san­guinea; and when I had ac­ci­dent­ally dis­turbed both nests, the little ants at­tacked their big neigh­bours with sur­pris­ing cour­age. Now I was curi­ous to as­cer­tain wheth­er F. san­guinea could dis­tin­guish the pupae of F. fusca, which they ha­bitu­ally make in­to slaves, from those of the little and furi­ous F. flava, which they rarely cap­ture, and it was evid­ent that they did at once dis­tin­guish them; for we have seen that they eagerly and in­stantly seized the pupae of F. fusca, where­as they were much ter­ri­fied when they came across the pupae, or even the earth from the nest, of F. flava, and quickly ran away; but in about a quarter of an hour, shortly after all the little yel­low ants had crawled away, they took heart and car­ried off the pupae.

				One even­ing I vis­ited an­oth­er com­munity of F. san­guinea, and found a num­ber of these ants re­turn­ing home and en­ter­ing their nests, car­ry­ing the dead bod­ies of F. fusca (show­ing that it was not a mi­gra­tion) and nu­mer­ous pupae. I traced a long file of ants burdened with booty, for about forty yards back, to a very thick clump of heath, whence I saw the last in­di­vidu­al of F. san­guinea emerge, car­ry­ing a pupa; but I was not able to find the des­ol­ated nest in the thick heath. The nest, how­ever, must have been close at hand, for two or three in­di­vidu­als of F. fusca were rush­ing about in the greatest agit­a­tion, and one was perched mo­tion­less with its own pupa in its mouth on the top of a spray of heath, an im­age of des­pair over its rav­aged home.

				Such are the facts, though they did not need con­firm­a­tion by me, in re­gard to the won­der­ful in­stinct of mak­ing slaves. Let it be ob­served what a con­trast the in­stinct­ive habits of F. san­guinea present with those of the con­tin­ent­al F. rufes­cens. The lat­ter does not build its own nest, does not de­term­ine its own mi­gra­tions, does not col­lect food for it­self or its young, and can­not even feed it­self: it is ab­so­lutely de­pend­ent on its nu­mer­ous slaves. Formica san­guinea, on the oth­er hand, pos­sesses much few­er slaves, and in the early part of the sum­mer ex­tremely few. The mas­ters de­term­ine when and where a new nest shall be formed, and when they mi­grate, the mas­ters carry the slaves. Both in Switzer­land and Eng­land the slaves seem to have the ex­clus­ive care of the lar­vae, and the mas­ters alone go on slave-mak­ing ex­ped­i­tions. In Switzer­land the slaves and mas­ters work to­geth­er, mak­ing and bring­ing ma­ter­i­als for the nest: both, but chiefly the slaves, tend and milk as it may be called, their aph­ides; and thus both col­lect food for the com­munity. In Eng­land the mas­ters alone usu­ally leave the nest to col­lect build­ing ma­ter­i­als and food for them­selves, their slaves and lar­vae. So that the mas­ters in this coun­try re­ceive much less ser­vice from their slaves than they do in Switzer­land.

				By what steps the in­stinct of F. san­guinea ori­gin­ated I will not pre­tend to con­jec­ture. But as ants which are not slave-makers, will, as I have seen, carry off pupae of oth­er spe­cies, if scattered near their nests, it is pos­sible that such pupae ori­gin­ally stored as food might be­come de­veloped; and the for­eign ants thus un­in­ten­tion­ally reared would then fol­low their prop­er in­stincts, and do what work they could. If their pres­ence proved use­ful to the spe­cies which had seized them—if it were more ad­vant­age­ous to this spe­cies, to cap­ture work­ers than to pro­cre­ate them—the habit of col­lect­ing pupae, ori­gin­ally for food, might by nat­ur­al se­lec­tion be strengthened and rendered per­man­ent for the very dif­fer­ent pur­pose of rais­ing slaves. When the in­stinct was once ac­quired, if car­ried out to a much less ex­tent even than in our Brit­ish F. san­guinea, which, as we have seen, is less aided by its slaves than the same spe­cies in Switzer­land, nat­ur­al se­lec­tion might in­crease and modi­fy the in­stinct—al­ways sup­pos­ing each modi­fic­a­tion to be of use to the spe­cies—un­til an ant was formed as ab­jectly de­pend­ent on its slaves as is the Formica rufes­cens.

			
			
				Cell-Making Instinct of the Hive-Bee

				I will not here enter on minute de­tails on this sub­ject, but will merely give an out­line of the con­clu­sions at which I have ar­rived. He must be a dull man who can ex­am­ine the ex­quis­ite struc­ture of a comb, so beau­ti­fully ad­ap­ted to its end, without en­thu­si­ast­ic ad­mir­a­tion. We hear from math­em­aticians that bees have prac­tic­ally solved a re­con­dite prob­lem, and have made their cells of the prop­er shape to hold the greatest pos­sible amount of honey, with the least pos­sible con­sump­tion of pre­cious wax in their con­struc­tion. It has been re­marked that a skil­ful work­man, with fit­ting tools and meas­ures, would find it very dif­fi­cult to make cells of wax of the true form, though this is ef­fected by a crowd of bees work­ing in a dark hive. Grant­ing whatever in­stincts you please, it seems at first quite in­con­ceiv­able how they can make all the ne­ces­sary angles and planes, or even per­ceive when they are cor­rectly made. But the dif­fi­culty is not nearly so great as at first ap­pears: all this beau­ti­ful work can be shown, I think, to fol­low from a few simple in­stincts.

				I was led to in­vest­ig­ate this sub­ject by Mr. Wa­ter­house, who has shown that the form of the cell stands in close re­la­tion to the pres­ence of ad­join­ing cells; and the fol­low­ing view may, per­haps, be con­sidered only as a modi­fic­a­tion of his the­ory. Let us look to the great prin­ciple of grad­a­tion, and see wheth­er Nature does not re­veal to us her meth­od of work. At one end of a short series we have humble­bees, which use their old co­coons to hold honey, some­times adding to them short tubes of wax, and like­wise mak­ing sep­ar­ate and very ir­reg­u­lar roun­ded cells of wax. At the oth­er end of the series we have the cells of the hive-bee, placed in a double lay­er: each cell, as is well known, is an hexagon­al prism, with the bas­al edges of its six sides bev­elled so as to join an in­ver­ted pyr­am­id, of three rhombs. These rhombs have cer­tain angles, and the three which form the pyr­am­id­al base of a single cell on one side of the comb, enter in­to the com­pos­i­tion of the bases of three ad­join­ing cells on the op­pos­ite side. In the series between the ex­treme per­fec­tion of the cells of the hive-bee and the sim­pli­city of those of the humble­bee, we have the cells of the Mex­ic­an Meli­pona do­mest­ica, care­fully de­scribed and figured by Pierre Huber. The Meli­pona it­self is in­ter­me­di­ate in struc­ture between the hive and humble­bee, but more nearly re­lated to the lat­ter: it forms a nearly reg­u­lar wax­en comb of cyl­indric­al cells, in which the young are hatched, and, in ad­di­tion, some large cells of wax for hold­ing honey. These lat­ter cells are nearly spher­ic­al and of nearly equal sizes, and are ag­greg­ated in­to an ir­reg­u­lar mass. But the im­port­ant point to no­tice is, that these cells are al­ways made at that de­gree of near­ness to each oth­er that they would have in­ter­sec­ted or broken in­to each oth­er if the spheres had been com­pleted; but this is nev­er per­mit­ted, the bees build­ing per­fectly flat walls of wax between the spheres which thus tend to in­ter­sect. Hence, each cell con­sists of an out­er spher­ic­al por­tion, and of two, three, or more flat sur­faces, ac­cord­ing as the cell ad­joins two, three or more oth­er cells. When one cell rests on three oth­er cells, which, from the spheres be­ing nearly of the same size, is very fre­quently and ne­ces­sar­ily the case, the three flat sur­faces are united in­to a pyr­am­id; and this pyr­am­id, as Huber has re­marked, is mani­festly a gross im­it­a­tion of the three-sided pyr­am­id­al base of the cell of the hive-bee. As in the cells of the hive-bee, so here, the three plane sur­faces in any one cell ne­ces­sar­ily enter in­to the con­struc­tion of three ad­join­ing cells. It is ob­vi­ous that the Meli­pona saves wax, and what is more im­port­ant, la­bour, by this man­ner of build­ing; for the flat walls between the ad­join­ing cells are not double, but are of the same thick­ness as the out­er spher­ic­al por­tions, and yet each flat por­tion forms a part of two cells.

				Re­flect­ing on this case, it oc­curred to me that if the Meli­pona had made its spheres at some giv­en dis­tance from each oth­er, and had made them of equal sizes and had ar­ranged them sym­met­ric­ally in a double lay­er, the res­ult­ing struc­ture would have been as per­fect as the comb of the hive-bee. Ac­cord­ingly I wrote to Pro­fess­or Miller, of Cam­bridge, and this geo­met­er has kindly read over the fol­low­ing state­ment, drawn up from his in­form­a­tion, and tells me that it is strictly cor­rect:—

				If a num­ber of equal spheres be de­scribed with their centres placed in two par­al­lel lay­ers; with the centre of each sphere at the dis­tance of ra­di­us × √2 or ra­di­us × 1.41421 (or at some less­er dis­tance), from the centres of the six sur­round­ing spheres in the same lay­er; and at the same dis­tance from the centres of the ad­join­ing spheres in the oth­er and par­al­lel lay­er; then, if planes of in­ter­sec­tion between the sev­er­al spheres in both lay­ers be formed, there will res­ult a double lay­er of hexagon­al prisms united to­geth­er by pyr­am­id­al bases formed of three rhombs; and the rhombs and the sides of the hexagon­al prisms will have every angle identic­ally the same with the best meas­ure­ments which have been made of the cells of the hive-bee. But I hear from Pro­fess­or Wy­man, who has made nu­mer­ous care­ful meas­ure­ments, that the ac­cur­acy of the work­man­ship of the bee has been greatly ex­ag­ger­ated; so much so, that whatever the typ­ic­al form of the cell may be, it is rarely, if ever, real­ised.

				Hence we may safely con­clude that, if we could slightly modi­fy the in­stincts already pos­sessed by the Meli­pona, and in them­selves not very won­der­ful, this bee would make a struc­ture as won­der­fully per­fect as that of the hive-bee. We must sup­pose the Meli­pona to have the power of form­ing her cells truly spher­ic­al, and of equal sizes; and this would not be very sur­pris­ing, see­ing that she already does so to a cer­tain ex­tent, and see­ing what per­fectly cyl­indric­al bur­rows many in­sects make in wood, ap­par­ently by turn­ing round on a fixed point. We must sup­pose the Meli­pona to ar­range her cells in level lay­ers, as she already does her cyl­indric­al cells; and we must fur­ther sup­pose, and this is the greatest dif­fi­culty, that she can some­how judge ac­cur­ately at what dis­tance to stand from her fel­low-la­bour­ers when sev­er­al are mak­ing their spheres; but she is already so far en­abled to judge of dis­tance, that she al­ways de­scribes her spheres so as to in­ter­sect to a cer­tain ex­tent; and then she unites the points of in­ter­sec­tion by per­fectly flat sur­faces. By such modi­fic­a­tions of in­stincts which in them­selves are not very won­der­ful—hardly more won­der­ful than those which guide a bird to make its nest—I be­lieve that the hive-bee has ac­quired, through nat­ur­al se­lec­tion, her in­im­it­able ar­chi­tec­tur­al powers.

				But this the­ory can be tested by ex­per­i­ment. Fol­low­ing the ex­ample of Mr. Te­get­mei­er, I sep­ar­ated two combs, and put between them a long, thick, rect­an­gu­lar strip of wax: the bees in­stantly began to ex­cav­ate minute cir­cu­lar pits in it; and as they deepened these little pits, they made them wider and wider un­til they were con­ver­ted in­to shal­low basins, ap­pear­ing to the eye per­fectly true or parts of a sphere, and of about the dia­met­er of a cell. It was most in­ter­est­ing to ob­serve that, wherever sev­er­al bees had be­gun to ex­cav­ate these basins near to­geth­er, they had be­gun their work at such a dis­tance from each oth­er that by the time the basins had ac­quired the above stated width (i.e. about the width of an or­din­ary cell), and were in depth about one sixth of the dia­met­er of the sphere of which they formed a part, the rims of the basins in­ter­sec­ted or broke in­to each oth­er. As soon as this oc­curred, the bees ceased to ex­cav­ate, and began to build up flat walls of wax on the lines of in­ter­sec­tion between the basins, so that each hexagon­al prism was built upon the scal­loped edge of a smooth basin, in­stead of on the straight edges of a three-sided pyr­am­id as in the case of or­din­ary cells.

				I then put in­to the hive, in­stead of a thick, rect­an­gu­lar piece of wax, a thin and nar­row, knife-edged ridge, col­oured with ver­mil­ion. The bees in­stantly began on both sides to ex­cav­ate little basins near to each oth­er, in the same way as be­fore; but the ridge of wax was so thin, that the bot­toms of the basins, if they had been ex­cav­ated to the same depth as in the former ex­per­i­ment, would have broken in­to each oth­er from the op­pos­ite sides. The bees, how­ever, did not suf­fer this to hap­pen, and they stopped their ex­cav­a­tions in due time; so that the basins, as soon as they had been a little deepened, came to have flat bases; and these flat bases, formed by thin little plates of the ver­mil­ion wax left un­g­nawed, were situ­ated, as far as the eye could judge, ex­actly along the planes of ima­gin­ary in­ter­sec­tion between the basins on the op­pos­ite side of the ridge of wax. In some parts, only small por­tions, in oth­er parts, large por­tions of a rhombic plate were thus left between the op­posed basins, but the work, from the un­nat­ur­al state of things, had not been neatly per­formed. The bees must have worked at very nearly the same rate in cir­cu­larly gnaw­ing away and deep­en­ing the basins on both sides of the ridge of ver­mil­ion wax, in or­der to have thus suc­ceeded in leav­ing flat plates between the basins, by stop­ping work at the planes of in­ter­sec­tion.

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

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

				Huber’s state­ment, that the very first cell is ex­cav­ated out of a little par­al­lel-sided wall of wax, is not, as far as I have seen, strictly cor­rect; the first com­mence­ment hav­ing al­ways been a little hood of wax; but I will not here enter on de­tails. We see how im­port­ant a part ex­cav­a­tion plays in the con­struc­tion of the cells; but it would be a great er­ror to sup­pose that the bees can­not build up a rough wall of wax in the prop­er po­s­i­tion—that is, along the plane of in­ter­sec­tion between two ad­join­ing spheres. I have sev­er­al spe­ci­mens show­ing clearly that they can do this. Even in the rude cir­cum­fer­en­tial rim or wall of wax round a grow­ing comb, flex­ures may some­times be ob­served, cor­res­pond­ing in po­s­i­tion to the planes of the rhombic bas­al plates of fu­ture cells. But the rough wall of wax has in every case to be fin­ished off, by be­ing largely gnawed away on both sides. The man­ner in which the bees build is curi­ous; they al­ways make the first rough wall from ten to twenty times thick­er than the ex­cess­ively thin fin­ished wall of the cell, which will ul­ti­mately be left. We shall un­der­stand how they work, by sup­pos­ing ma­sons first to pile up a broad ridge of ce­ment, and then to be­gin cut­ting it away equally on both sides near the ground, till a smooth, very thin wall is left in the middle; the ma­sons al­ways pil­ing up the cut­away ce­ment, and adding fresh ce­ment on the sum­mit of the ridge. We shall thus have a thin wall stead­ily grow­ing up­ward but al­ways crowned by a gi­gant­ic cop­ing. From all the cells, both those just com­menced and those com­pleted, be­ing thus crowned by a strong cop­ing of wax, the bees can cluster and crawl over the comb without in­jur­ing the del­ic­ate hexagon­al walls. These walls, as Pro­fess­or Miller has kindly as­cer­tained for me, vary greatly in thick­ness; be­ing, on an av­er­age of twelve meas­ure­ments made near the bor­der of the comb, 1/352 of an inch in thick­ness; where­as the bas­al rhomboid­al plates are thick­er, nearly in the pro­por­tion of three to two, hav­ing a mean thick­ness, from twenty-one meas­ure­ments, of 1/229 of an inch. By the above sin­gu­lar man­ner of build­ing, strength is con­tinu­ally giv­en to the comb, with the ut­most ul­ti­mate eco­nomy of wax.

				It seems at first to add to the dif­fi­culty of un­der­stand­ing how the cells are made, that a mul­ti­tude of bees all work to­geth­er; one bee after work­ing a short time at one cell go­ing to an­oth­er, so that, as Huber has stated, a score of in­di­vidu­als work even at the com­mence­ment of the first cell. I was able prac­tic­ally to show this fact, by cov­er­ing the edges of the hexagon­al walls of a single cell, or the ex­treme mar­gin of the cir­cum­fer­en­tial rim of a grow­ing comb, with an ex­tremely thin lay­er of melted ver­mil­ion wax; and I in­vari­ably found that the col­our was most del­ic­ately dif­fused by the bees—as del­ic­ately as a paint­er could have done it with his brush—by atoms of the col­oured wax hav­ing been taken from the spot on which it had been placed, and worked in­to the grow­ing edges of the cells all round. The work of con­struc­tion seems to be a sort of bal­ance struck between many bees, all in­stinct­ively stand­ing at the same re­l­at­ive dis­tance from each oth­er, all try­ing to sweep equal spheres, and then build­ing up, or leav­ing un­g­nawed, the planes of in­ter­sec­tion between these spheres. It was really curi­ous to note in cases of dif­fi­culty, as when two pieces of comb met at an angle, how of­ten the bees would pull down and re­build in dif­fer­ent ways the same cell, some­times re­cur­ring to a shape which they had at first re­jec­ted.

				When bees have a place on which they can stand in their prop­er po­s­i­tions for work­ing—for in­stance, on a slip of wood, placed dir­ectly un­der the middle of a comb grow­ing down­wards, so that the comb has to be built over one face of the slip—in this case the bees can lay the found­a­tions of one wall of a new hexagon, in its strictly prop­er place, pro­ject­ing bey­ond the oth­er com­pleted cells. It suf­fices that the bees should be en­abled to stand at their prop­er re­l­at­ive dis­tances from each oth­er and from the walls of the last com­pleted cells, and then, by strik­ing ima­gin­ary spheres, they can build up a wall in­ter­me­di­ate between two ad­join­ing spheres; but, as far as I have seen, they nev­er gnaw away and fin­ish off the angles of a cell till a large part both of that cell and of the ad­join­ing cells has been built. This ca­pa­city in bees of lay­ing down un­der cer­tain cir­cum­stances a rough wall in its prop­er place between two just-com­menced cells, is im­port­ant, as it bears on a fact, which seems at first sub­vers­ive of the fore­go­ing the­ory; namely, that the cells on the ex­treme mar­gin of wasp-combs are some­times strictly hexagon­al; but I have not space here to enter on this sub­ject. Nor does there seem to me any great dif­fi­culty in a single in­sect (as in the case of a queen-wasp) mak­ing hexagon­al cells, if she were to work al­tern­ately on the in­side and out­side of two or three cells com­menced at the same time, al­ways stand­ing at the prop­er re­l­at­ive dis­tance from the parts of the cells just be­gun, sweep­ing spheres or cyl­in­ders, and build­ing up in­ter­me­di­ate planes.

				As nat­ur­al se­lec­tion acts only by the ac­cu­mu­la­tion of slight modi­fic­a­tions of struc­ture or in­stinct, each prof­it­able to the in­di­vidu­al un­der its con­di­tions of life, it may reas­on­ably be asked, how a long and gradu­ated suc­ces­sion of mod­i­fied ar­chi­tec­tur­al in­stincts, all tend­ing to­wards the present per­fect plan of con­struc­tion, could have profited the pro­gen­it­ors of the hive-bee? I think the an­swer is not dif­fi­cult: cells con­struc­ted like those of the bee or the wasp gain in strength, and save much in la­bour and space, and in the ma­ter­i­als of which they are con­struc­ted. With re­spect to the form­a­tion of wax, it is known that bees are of­ten hard pressed to get suf­fi­cient nec­tar; and I am in­formed by Mr. Te­get­mei­er that it has been ex­per­i­ment­ally proved that from twelve to fif­teen pounds of dry sug­ar are con­sumed by a hive of bees for the se­cre­tion of a pound of wax; so that a prodi­gious quant­ity of flu­id nec­tar must be col­lec­ted and con­sumed by the bees in a hive for the se­cre­tion of the wax ne­ces­sary for the con­struc­tion of their combs. Moreover, many bees have to re­main idle for many days dur­ing the pro­cess of se­cre­tion. A large store of honey is in­dis­pens­able to sup­port a large stock of bees dur­ing the winter; and the se­cur­ity of the hive is known mainly to de­pend on a large num­ber of bees be­ing sup­por­ted. Hence the sav­ing of wax by largely sav­ing honey, and the time con­sumed in col­lect­ing the honey, must be an im­port­ant ele­ment of suc­cess any fam­ily of bees. Of course the suc­cess of the spe­cies may be de­pend­ent on the num­ber of its en­emies, or para­sites, or on quite dis­tinct causes, and so be al­to­geth­er in­de­pend­ent of the quant­ity of honey which the bees can col­lect. But let us sup­pose that this lat­ter cir­cum­stance de­term­ined, as it prob­ably of­ten has de­term­ined, wheth­er a bee al­lied to our humble­bees could ex­ist in large num­bers in any coun­try; and let us fur­ther sup­pose that the com­munity lived through the winter, and con­sequently re­quired a store of honey: there can in this case be no doubt that it would be an ad­vant­age to our ima­gin­ary humble­bee if a slight modi­fic­a­tion of her in­stincts led her to make her wax­en cells near to­geth­er, so as to in­ter­sect a little; for a wall in com­mon even to two ad­join­ing cells would save some little la­bour and wax. Hence, it would con­tinu­ally be more and more ad­vant­age­ous to our humble­bees, if they were to make their cells more and more reg­u­lar, near­er to­geth­er, and ag­greg­ated in­to a mass, like the cells of the Meli­pona; for in this case a large part of the bound­ing sur­face of each cell would serve to bound the ad­join­ing cells, and much la­bour and wax would be saved. Again, from the same cause, it would be ad­vant­age­ous to the Meli­pona, if she were to make her cells closer to­geth­er, and more reg­u­lar in every way than at present; for then, as we have seen, the spher­ic­al sur­faces would wholly dis­ap­pear and be re­placed by plane sur­faces; and the Meli­pona would make a comb as per­fect as that of the hive-bee. Bey­ond this stage of per­fec­tion in ar­chi­tec­ture, nat­ur­al se­lec­tion could not lead; for the comb of the hive-bee, as far as we can see, is ab­so­lutely per­fect in eco­nom­ising la­bour and wax.

				Thus, as I be­lieve, the most won­der­ful of all known in­stincts, that of the hive-bee, can be ex­plained by nat­ur­al se­lec­tion hav­ing taken ad­vant­age of nu­mer­ous, suc­cess­ive, slight modi­fic­a­tions of sim­pler in­stincts; nat­ur­al se­lec­tion hav­ing, by slow de­grees, more and more per­fectly led the bees to sweep equal spheres at a giv­en dis­tance from each oth­er in a double lay­er, and to build up and ex­cav­ate the wax along the planes of in­ter­sec­tion. The bees, of course, no more know­ing that they swept their spheres at one par­tic­u­lar dis­tance from each oth­er, than they know what are the sev­er­al angles of the hexagon­al prisms and of the bas­al rhombic plates; the motive power of the pro­cess of nat­ur­al se­lec­tion hav­ing been the con­struc­tion of cells of due strength and of the prop­er size and shape for the lar­vae, this be­ing ef­fected with the greatest pos­sible eco­nomy of la­bour and wax; that in­di­vidu­al swarm which thus made the best cells with least la­bour, and least waste of honey in the se­cre­tion of wax, hav­ing suc­ceeded best, and hav­ing trans­mit­ted their newly-ac­quired eco­nom­ic­al in­stincts to new swarms, which in their turn will have had the best chance of suc­ceed­ing in the struggle for ex­ist­ence.

			
			
				Objections to the Theory of Natural Selection as Applied to Instincts: Neuter and Sterile Insects

				It has been ob­jec­ted to the fore­go­ing view of the ori­gin of in­stincts that “the vari­ations of struc­ture and of in­stinct must have been sim­ul­tan­eous and ac­cur­ately ad­jus­ted to each oth­er, as a modi­fic­a­tion in the one without an im­me­di­ate cor­res­pond­ing change in the oth­er would have been fatal.” The force of this ob­jec­tion rests en­tirely on the as­sump­tion that the changes in the in­stincts and struc­ture are ab­rupt. To take as an il­lus­tra­tion the case of the lar­ger tit­mouse, (Parus ma­jor) al­luded to in a pre­vi­ous chapter; this bird of­ten holds the seeds of the yew between its feet on a branch, and ham­mers with its beak till it gets at the ker­nel. Now what spe­cial dif­fi­culty would there be in nat­ur­al se­lec­tion pre­serving all the slight in­di­vidu­al vari­ations in the shape of the beak, which were bet­ter and bet­ter ad­ap­ted to break open the seeds, un­til a beak was formed, as well con­struc­ted for this pur­pose as that of the nuthatch, at the same time that habit, or com­pul­sion, or spon­tan­eous vari­ations of taste, led the bird to be­come more and more of a seed-eat­er? In this case the beak is sup­posed to be slowly mod­i­fied by nat­ur­al se­lec­tion, sub­sequently to, but in ac­cord­ance with, slowly chan­ging habits or taste; but let the feet of the tit­mouse vary and grow lar­ger from cor­rel­a­tion with the beak, or from any oth­er un­known cause, and it is not im­prob­able that such lar­ger feet would lead the bird to climb more and more un­til it ac­quired the re­mark­able climb­ing in­stinct and power of the nuthatch. In this case a gradu­al change of struc­ture is sup­posed to lead to changed in­stinct­ive habits. To take one more case: few in­stincts are more re­mark­able than that which leads the swift of the East­ern Is­lands to make its nest wholly of in­spiss­ated saliva. Some birds build their nests of mud, be­lieved to be moistened with saliva; and one of the swifts of North Amer­ica makes its nest (as I have seen) of sticks ag­glu­tin­ated with saliva, and even with flakes of this sub­stance. Is it then very im­prob­able that the nat­ur­al se­lec­tion of in­di­vidu­al swifts, which secreted more and more saliva, should at last pro­duce a spe­cies with in­stincts lead­ing it to neg­lect oth­er ma­ter­i­als and to make its nest ex­clus­ively of in­spiss­ated saliva? And so in oth­er cases. It must, how­ever, be ad­mit­ted that in many in­stances we can­not con­jec­ture wheth­er it was in­stinct or struc­ture which first var­ied.

				No doubt many in­stincts of very dif­fi­cult ex­plan­a­tion could be op­posed to the the­ory of nat­ur­al se­lec­tion—cases, in which we can­not see how an in­stinct could have ori­gin­ated; cases, in which no in­ter­me­di­ate grad­a­tions are known to ex­ist; cases of in­stincts of such tri­fling im­port­ance, that they could hardly have been ac­ted on by nat­ur­al se­lec­tion; cases of in­stincts al­most identic­ally the same in an­im­als so re­mote in the scale of nature that we can­not ac­count for their sim­il­ar­ity by in­her­it­ance from a com­mon pro­gen­it­or, and con­sequently must be­lieve that they were in­de­pend­ently ac­quired through nat­ur­al se­lec­tion. I will not here enter on these sev­er­al cases, but will con­fine my­self to one spe­cial dif­fi­culty, which at first ap­peared to me in­su­per­able, and ac­tu­ally fatal to the whole the­ory. I al­lude to the neu­ters or sterile fe­males in in­sect com­munit­ies: for these neu­ters of­ten dif­fer widely in in­stinct and in struc­ture from both the males and fer­tile fe­males, and yet, from be­ing sterile, they can­not propag­ate their kind.

				The sub­ject well de­serves to be dis­cussed at great length, but I will here take only a single case, that of work­ing or sterile ants. How the work­ers have been rendered sterile is a dif­fi­culty; but not much great­er than that of any oth­er strik­ing modi­fic­a­tion of struc­ture; for it can be shown that some in­sects and oth­er ar­tic­u­late an­im­als in a state of nature oc­ca­sion­ally be­come sterile; and if such in­sects had been so­cial, and it had been prof­it­able to the com­munity that a num­ber should have been an­nu­ally born cap­able of work, but in­cap­able of pro­cre­ation, I can see no es­pe­cial dif­fi­culty in this hav­ing been ef­fected through nat­ur­al se­lec­tion. But I must pass over this pre­lim­in­ary dif­fi­culty. The great dif­fi­culty lies in the work­ing ants dif­fer­ing widely from both the males and the fer­tile fe­males in struc­ture, as in the shape of the thor­ax, and in be­ing des­ti­tute of wings and some­times of eyes, and in in­stinct. As far as in­stinct alone is con­cerned, the won­der­ful dif­fer­ence in this re­spect between the work­ers and the per­fect fe­males would have been bet­ter ex­em­pli­fied by the hive-bee. If a work­ing ant or oth­er neu­ter in­sect had been an or­din­ary an­im­al, I should have un­hes­it­at­ingly as­sumed that all its char­ac­ters had been slowly ac­quired through nat­ur­al se­lec­tion; namely, by in­di­vidu­als hav­ing been born with slight prof­it­able modi­fic­a­tions, which were in­her­ited by the off­spring, and that these again var­ied and again were se­lec­ted, and so on­wards. But with the work­ing ant we have an in­sect dif­fer­ing greatly from its par­ents, yet ab­so­lutely sterile; so that it could nev­er have trans­mit­ted suc­cess­ively ac­quired modi­fic­a­tions of struc­ture or in­stinct to its pro­geny. It may well be asked how it is pos­sible to re­con­cile this case with the the­ory of nat­ur­al se­lec­tion?

				First, let it be re­membered that we have in­nu­mer­able in­stances, both in our do­mest­ic pro­duc­tions and in those in a state of nature, of all sorts of dif­fer­ences of in­her­ited struc­ture which are cor­rel­ated with cer­tain ages and with either sex. We have dif­fer­ences cor­rel­ated not only with one sex, but with that short peri­od when the re­pro­duct­ive sys­tem is act­ive, as in the nup­tial plumage of many birds, and in the hooked jaws of the male sal­mon. We have even slight dif­fer­ences in the horns of dif­fer­ent breeds of cattle in re­la­tion to an ar­ti­fi­cially im­per­fect state of the male sex; for ox­en of cer­tain breeds have longer horns than the ox­en of oth­er breeds, re­l­at­ively to the length of the horns in both the bulls and cows of these same breeds. Hence, I can see no great dif­fi­culty in any char­ac­ter be­com­ing cor­rel­ated with the sterile con­di­tion of cer­tain mem­bers of in­sect com­munit­ies; the dif­fi­culty lies in un­der­stand­ing how such cor­rel­ated modi­fic­a­tions of struc­ture could have been slowly ac­cu­mu­lated by nat­ur­al se­lec­tion.

				This dif­fi­culty, though ap­pear­ing in­su­per­able, is lessened, or, as I be­lieve, dis­ap­pears, when it is re­membered that se­lec­tion may be ap­plied to the fam­ily, as well as to the in­di­vidu­al, and may thus gain the de­sired end. Breed­ers of cattle wish the flesh and fat to be well marbled to­geth­er. An an­im­al thus char­ac­ter­ized has been slaughtered, but the breed­er has gone with con­fid­ence to the same stock and has suc­ceeded. Such faith may be placed in the power of se­lec­tion that a breed of cattle, al­ways yield­ing ox­en with ex­traordin­ar­ily long horns, could, it is prob­able, be formed by care­fully watch­ing which in­di­vidu­al bulls and cows, when matched, pro­duced ox­en with the longest horns; and yet no one ox would ever have propag­ated its kind. Here is a bet­ter and real il­lus­tra­tion: Ac­cord­ing to M. Ver­lot, some vari­et­ies of the double an­nu­al stock, from hav­ing been long and care­fully se­lec­ted to the right de­gree, al­ways pro­duce a large pro­por­tion of seed­lings bear­ing double and quite sterile flowers, but they like­wise yield some single and fer­tile plants. These lat­ter, by which alone the vari­ety can be propag­ated, may be com­pared with the fer­tile male and fe­male ants, and the double sterile plants with the neu­ters of the same com­munity. As with the vari­et­ies of the stock, so with so­cial in­sects, se­lec­tion has been ap­plied to the fam­ily, and not to the in­di­vidu­al, for the sake of gain­ing a ser­vice­able end. Hence, we may con­clude that slight modi­fic­a­tions of struc­ture or of in­stinct, cor­rel­ated with the sterile con­di­tion of cer­tain mem­bers of the com­munity, have proved ad­vant­age­ous; con­sequently the fer­tile males and fe­males have flour­ished, and trans­mit­ted to their fer­tile off­spring a tend­ency to pro­duce sterile mem­bers with the same modi­fic­a­tions. This pro­cess must have been re­peated many times, un­til that prodi­gious amount of dif­fer­ence between the fer­tile and sterile fe­males of the same spe­cies has been pro­duced which we see in many so­cial in­sects.

				But we have not as yet touched on the acme of the dif­fi­culty; namely, the fact that the neu­ters of sev­er­al ants dif­fer, not only from the fer­tile fe­males and males, but from each oth­er, some­times to an al­most in­cred­ible de­gree, and are thus di­vided in­to two or even three castes. The castes, moreover, do not gen­er­ally gradu­ate in­to each oth­er, but are per­fectly well defined; be­ing as dis­tinct from each oth­er as are any two spe­cies of the same genus, or rather as any two gen­era of the same fam­ily. Thus, in Eciton, there are work­ing and sol­dier neu­ters, with jaws and in­stincts ex­traordin­ar­ily dif­fer­ent: in Crypto­cer­us, the work­ers of one caste alone carry a won­der­ful sort of shield on their heads, the use of which is quite un­known: in the Mex­ic­an Myrme­cocystus, the work­ers of one caste nev­er leave the nest; they are fed by the work­ers of an­oth­er caste, and they have an enorm­ously de­veloped ab­do­men which secretes a sort of honey, sup­ply­ing the place of that ex­creted by the aph­ides, or the do­mest­ic cattle as they may be called, which our European ants guard and im­pris­on.

				It will in­deed be thought that I have an over­ween­ing con­fid­ence in the prin­ciple of nat­ur­al se­lec­tion, when I do not ad­mit that such won­der­ful and well-es­tab­lished facts at once an­ni­hil­ate the the­ory. In the sim­pler case of neu­ter in­sects all of one caste, which, as I be­lieve, have been rendered dif­fer­ent from the fer­tile males and fe­males through nat­ur­al se­lec­tion, we may con­clude from the ana­logy of or­din­ary vari­ations, that the suc­cess­ive, slight, prof­it­able modi­fic­a­tions did not first arise in all the neu­ters in the same nest, but in some few alone; and that by the sur­viv­al of the com­munit­ies with fe­males which pro­duced most neu­ters hav­ing the ad­vant­age­ous modi­fic­a­tion, all the neu­ters ul­ti­mately came to be thus char­ac­ter­ized. Ac­cord­ing to this view we ought oc­ca­sion­ally to find in the same nest neu­ter-in­sects, present­ing grad­a­tions of struc­ture; and this we do find, even not rarely, con­sid­er­ing how few neu­ter-in­sects out of Europe have been care­fully ex­amined. Mr. F. Smith has shown that the neu­ters of sev­er­al Brit­ish ants dif­fer sur­pris­ingly from each oth­er in size and some­times in col­our; and that the ex­treme forms can be linked to­geth­er by in­di­vidu­als taken out of the same nest: I have my­self com­pared per­fect grad­a­tions of this kind. It some­times hap­pens that the lar­ger or the smal­ler sized work­ers are the most nu­mer­ous; or that both large and small are nu­mer­ous, while those of an in­ter­me­di­ate size are scanty in num­bers. Formica flava has lar­ger and smal­ler work­ers, with some few of in­ter­me­di­ate size; and, in this spe­cies, as Mr. F. Smith has ob­served, the lar­ger work­ers have simple eyes (ocelli), which, though small, can be plainly dis­tin­guished, where­as the smal­ler work­ers have their ocelli rudi­ment­ary. Hav­ing care­fully dis­sec­ted sev­er­al spe­ci­mens of these work­ers, I can af­firm that the eyes are far more rudi­ment­ary in the smal­ler work­ers than can be ac­coun­ted for merely by their pro­por­tion­ately less­er size; and I fully be­lieve, though I dare not as­sert so pos­it­ively, that the work­ers of in­ter­me­di­ate size have their ocelli in an ex­actly in­ter­me­di­ate con­di­tion. So that here we have two bod­ies of sterile work­ers in the same nest, dif­fer­ing not only in size, but in their or­gans of vis­ion, yet con­nec­ted by some few mem­bers in an in­ter­me­di­ate con­di­tion. I may di­gress by adding, that if the smal­ler work­ers had been the most use­ful to the com­munity, and those males and fe­males had been con­tinu­ally se­lec­ted, which pro­duced more and more of the smal­ler work­ers, un­til all the work­ers were in this con­di­tion; we should then have had a spe­cies of ant with neu­ters in nearly the same con­di­tion as those of Myrmica. For the work­ers of Myrmica have not even rudi­ments of ocelli, though the male and fe­male ants of this genus have well-de­veloped ocelli.

				I may give one oth­er case: so con­fid­ently did I ex­pect oc­ca­sion­ally to find grad­a­tions of im­port­ant struc­tures between the dif­fer­ent castes of neu­ters in the same spe­cies, that I gladly availed my­self of Mr. F. Smith’s of­fer of nu­mer­ous spe­ci­mens from the same nest of the driver ant (Anomma) of West Africa. The read­er will per­haps best ap­pre­ci­ate the amount of dif­fer­ence in these work­ers by my giv­ing, not the ac­tu­al meas­ure­ments, but a strictly ac­cur­ate il­lus­tra­tion: the dif­fer­ence was the same as if we were to see a set of work­men build­ing a house, of whom many were five feet four inches high, and many six­teen feet high; but we must in ad­di­tion sup­pose that the lar­ger work­men had heads four in­stead of three times as big as those of the smal­ler men, and jaws nearly five times as big. The jaws, moreover, of the work­ing ants of the sev­er­al sizes differed won­der­fully in shape, and in the form and num­ber of the teeth. But the im­port­ant fact for us is that, though the work­ers can be grouped in­to castes of dif­fer­ent sizes, yet they gradu­ate in­sens­ibly in­to each oth­er, as does the widely-dif­fer­ent struc­ture of their jaws. I speak con­fid­ently on this lat­ter point, as Sir J. Lub­bock made draw­ings for me, with the cam­era lu­cida, of the jaws which I dis­sec­ted from the work­ers of the sev­er­al sizes. Mr. Bates, in his in­ter­est­ing Nat­ur­al­ist on the Amazons, has de­scribed ana­log­ous cases.

				With these facts be­fore me, I be­lieve that nat­ur­al se­lec­tion, by act­ing on the fer­tile ants or par­ents, could form a spe­cies which should reg­u­larly pro­duce neu­ters, all of large size with one form of jaw, or all of small size with widely dif­fer­ent jaws; or lastly, and this is the greatest dif­fi­culty, one set of work­ers of one size and struc­ture, and sim­ul­tan­eously an­oth­er set of work­ers of a dif­fer­ent size and struc­ture; a gradu­ated series hav­ing first been formed, as in the case of the driver ant, and then the ex­treme forms hav­ing been pro­duced in great­er and great­er num­bers, through the sur­viv­al of the par­ents which gen­er­ated them, un­til none with an in­ter­me­di­ate struc­ture were pro­duced.

				An ana­log­ous ex­plan­a­tion has been giv­en by Mr. Wal­lace, of the equally com­plex case, of cer­tain Malay­an but­ter­flies reg­u­larly ap­pear­ing un­der two or even three dis­tinct fe­male forms; and by Fritz Muller, of cer­tain Brazili­an crus­ta­ceans like­wise ap­pear­ing un­der two widely dis­tinct male forms. But this sub­ject need not here be dis­cussed.

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

			
			
				Summary

				I have en­deav­oured in this chapter briefly to show that the men­tal qual­it­ies of our do­mest­ic an­im­als vary, and that the vari­ations are in­her­ited. Still more briefly I have at­temp­ted to show that in­stincts vary slightly in a state of nature. No one will dis­pute that in­stincts are of the highest im­port­ance to each an­im­al. There­fore, there is no real dif­fi­culty, un­der chan­ging con­di­tions of life, in nat­ur­al se­lec­tion ac­cu­mu­lat­ing to any ex­tent slight modi­fic­a­tions of in­stinct which are in any way use­ful. In many cases habit or use and dis­use have prob­ably come in­to play. I do not pre­tend that the facts giv­en in this chapter strengthen in any great de­gree my the­ory; but none of the cases of dif­fi­culty, to the best of my judg­ment, an­ni­hil­ate it. On the oth­er hand, the fact that in­stincts are not al­ways ab­so­lutely per­fect and are li­able to mis­takes; that no in­stinct can be shown to have been pro­duced for the good of oth­er an­im­als, though an­im­als take ad­vant­age of the in­stincts of oth­ers; that the can­on in nat­ur­al his­tory, of “Natura non fa­cit saltum,” is ap­plic­able to in­stincts as well as to cor­por­eal struc­ture, and is plainly ex­plic­able on the fore­go­ing views, but is oth­er­wise in­ex­plic­able—all tend to cor­rob­or­ate the the­ory of nat­ur­al se­lec­tion.

				This the­ory is also strengthened by some few oth­er facts in re­gard to in­stincts; as by that com­mon case of closely al­lied, but dis­tinct, spe­cies, when in­hab­it­ing dis­tant parts of the world and liv­ing un­der con­sid­er­ably dif­fer­ent con­di­tions of life, yet of­ten re­tain­ing nearly the same in­stincts. For in­stance, we can un­der­stand, on the prin­ciple of in­her­it­ance, how it is that the thrush of trop­ic­al South Amer­ica lines its nest with mud, in the same pe­cu­li­ar man­ner as does our Brit­ish thrush; how it is that the Horn­bills of Africa and In­dia have the same ex­traordin­ary in­stinct of plas­ter­ing up and im­pris­on­ing the fe­males in a hole in a tree, with only a small hole left in the plaster through which the males feed them and their young when hatched; how it is that the male wrens (Trog­lo­dytes) of North Amer­ica, build “cock-nests,” to roost in, like the males of our Kitty-wrens—a habit wholly un­like that of any oth­er known bird. Fi­nally, it may not be a lo­gic­al de­duc­tion, but to my ima­gin­a­tion it is far more sat­is­fact­ory to look at such in­stincts as the young cuckoo eject­ing its foster-broth­ers, ants mak­ing slaves, the lar­vae of ich­neu­monid­ae feed­ing with­in the live bod­ies of cater­pil­lars, not as spe­cially en­dowed or cre­ated in­stincts, but as small con­sequences of one gen­er­al law lead­ing to the ad­vance­ment of all or­gan­ic be­ings—namely, mul­tiply, vary, let the strongest live and the weak­est die.

			
		
	
		
			
				IX

				Hy­brid­ism

			
			The view com­monly en­ter­tained by nat­ur­al­ists is that spe­cies, when in­ter­crossed, have been spe­cially en­dowed with ster­il­ity, in or­der to pre­vent their con­fu­sion. This view cer­tainly seems at first highly prob­able, for spe­cies liv­ing to­geth­er could hardly have been kept dis­tinct had they been cap­able of freely cross­ing. The sub­ject is in many ways im­port­ant for us, more es­pe­cially as the ster­il­ity of spe­cies when first crossed, and that of their hy­brid off­spring, can­not have been ac­quired, as I shall show, by the pre­ser­va­tion of suc­cess­ive prof­it­able de­grees of ster­il­ity. It is an in­cid­ent­al res­ult of dif­fer­ences in the re­pro­duct­ive sys­tems of the par­ent-spe­cies.

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

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

			The fer­til­ity of vari­et­ies, that is of the forms known or be­lieved to be des­cen­ded from com­mon par­ents, when crossed, and like­wise the fer­til­ity of their mon­grel off­spring, is, with ref­er­ence to my the­ory, of equal im­port­ance with the ster­il­ity of spe­cies; for it seems to make a broad and clear dis­tinc­tion between vari­et­ies and spe­cies.

			
				Degrees of Sterility

				First, for the ster­il­ity of spe­cies when crossed and of their hy­brid off­spring. It is im­possible to study the sev­er­al mem­oirs and works of those two con­scien­tious and ad­mir­able ob­serv­ers, Kolreu­ter and Gart­ner, who al­most de­voted their lives to this sub­ject, without be­ing deeply im­pressed with the high gen­er­al­ity of some de­gree of ster­il­ity. Kolreu­ter makes the rule uni­ver­sal; but then he cuts the knot, for in ten cases in which he found two forms, con­sidered by most au­thors as dis­tinct spe­cies, quite fer­tile to­geth­er, he un­hes­it­at­ingly ranks them as vari­et­ies. Gart­ner, also, makes the rule equally uni­ver­sal; and he dis­putes the en­tire fer­til­ity of Kolreu­ter’s ten cases. But in these and in many oth­er cases, Gart­ner is ob­liged care­fully to count the seeds, in or­der to show that there is any de­gree of ster­il­ity. He al­ways com­pares the max­im­um num­ber of seeds pro­duced by two spe­cies when first crossed, and the max­im­um pro­duced by their hy­brid off­spring, with the av­er­age num­ber pro­duced by both pure par­ent-spe­cies in a state of nature. But causes of ser­i­ous er­ror here in­ter­vene: a plant, to be hy­brid­ised, must be cas­trated, and, what is of­ten more im­port­ant, must be se­cluded in or­der to pre­vent pol­len be­ing brought to it by in­sects from oth­er plants. Nearly all the plants ex­per­i­mented on by Gart­ner were pot­ted, and were kept in a cham­ber in his house. That these pro­cesses are of­ten in­jur­i­ous to the fer­til­ity of a plant can­not be doubted; for Gart­ner gives in his table about a score of cases of plants which he cas­trated, and ar­ti­fi­cially fer­til­ised with their own pol­len, and (ex­clud­ing all cases such as the Legumino­sae, in which there is an ac­know­ledged dif­fi­culty in the ma­nip­u­la­tion) half of these twenty plants had their fer­til­ity in some de­gree im­paired. Moreover, as Gart­ner re­peatedly crossed some forms, such as the com­mon red and blue pim­per­nels (Anagal­lis ar­ven­sis and co­erulea), which the best bot­an­ists rank as vari­et­ies, and found them ab­so­lutely sterile, we may doubt wheth­er many spe­cies are really so sterile, when in­ter­crossed, as he be­lieved.

				It is cer­tain, on the one hand, that the ster­il­ity of vari­ous spe­cies when crossed is so dif­fer­ent in de­gree and gradu­ates away so in­sens­ibly, and, on the oth­er hand, that the fer­til­ity of pure spe­cies is so eas­ily af­fected by vari­ous cir­cum­stances, that for all prac­tic­al pur­poses it is most dif­fi­cult to say where per­fect fer­til­ity ends and ster­il­ity be­gins. I think no bet­ter evid­ence of this can be re­quired than that the two most ex­per­i­enced ob­serv­ers who have ever lived, namely Kolreu­ter and Gart­ner, ar­rived at dia­met­ric­ally op­pos­ite con­clu­sions in re­gard to some of the very same forms. It is also most in­struct­ive to com­pare—but I have not space here to enter on de­tails—the evid­ence ad­vanced by our best bot­an­ists on the ques­tion wheth­er cer­tain doubt­ful forms should be ranked as spe­cies or vari­et­ies, with the evid­ence from fer­til­ity ad­duced by dif­fer­ent hy­brid­isers, or by the same ob­serv­er from ex­per­i­ments made dur­ing dif­fer­ent years. It can thus be shown that neither ster­il­ity nor fer­til­ity af­fords any cer­tain dis­tinc­tion between spe­cies and vari­et­ies. The evid­ence from this source gradu­ates away, and is doubt­ful in the same de­gree as is the evid­ence de­rived from oth­er con­sti­tu­tion­al and struc­tur­al dif­fer­ences.

				In re­gard to the ster­il­ity of hy­brids in suc­cess­ive gen­er­a­tions; though Gart­ner was en­abled to rear some hy­brids, care­fully guard­ing them from a cross with either pure par­ent, for six or sev­en, and in one case for ten gen­er­a­tions, yet he as­serts pos­it­ively that their fer­til­ity nev­er in­creases, but gen­er­ally de­creases greatly and sud­denly. With re­spect to this de­crease, it may first be no­ticed that when any de­vi­ation in struc­ture or con­sti­tu­tion is com­mon to both par­ents, this is of­ten trans­mit­ted in an aug­men­ted de­gree to the off­spring; and both sexu­al ele­ments in hy­brid plants are already af­fected in some de­gree. But I be­lieve that their fer­til­ity has been di­min­ished in nearly all these cases by an in­de­pend­ent cause, namely, by too close in­ter­breed­ing. I have made so many ex­per­i­ments and col­lec­ted so many facts, show­ing on the one hand that an oc­ca­sion­al cross with a dis­tinct in­di­vidu­al or vari­ety in­creases the vigour and fer­til­ity of the off­spring, and on the oth­er hand that very close in­ter­breed­ing lessens their vigour and fer­til­ity, that I can­not doubt the cor­rect­ness of this con­clu­sion. Hy­brids are sel­dom raised by ex­per­i­ment­al­ists in great num­bers; and as the par­ent-spe­cies, or oth­er al­lied hy­brids, gen­er­ally grow in the same garden, the vis­its of in­sects must be care­fully pre­ven­ted dur­ing the flower­ing sea­son: hence hy­brids, if left to them­selves, will gen­er­ally be fer­til­ised dur­ing each gen­er­a­tion by pol­len from the same flower; and this would prob­ably be in­jur­i­ous to their fer­til­ity, already lessened by their hy­brid ori­gin. I am strengthened in this con­vic­tion by a re­mark­able state­ment re­peatedly made by Gart­ner, namely, that if even the less fer­tile hy­brids be ar­ti­fi­cially fer­til­ised with hy­brid pol­len of the same kind, their fer­til­ity, not­with­stand­ing the fre­quent ill ef­fects from ma­nip­u­la­tion, some­times de­cidedly in­creases, and goes on in­creas­ing. Now, in the pro­cess of ar­ti­fi­cial fer­til­isa­tion, pol­len is as of­ten taken by chance (as I know from my own ex­per­i­ence) from the an­thers of an­oth­er flower, as from the an­thers of the flower it­self which is to be fer­til­ised; so that a cross between two flowers, though prob­ably of­ten on the same plant, would be thus ef­fected. Moreover, whenev­er com­plic­ated ex­per­i­ments are in pro­gress, so care­ful an ob­serv­er as Gart­ner would have cas­trated his hy­brids, and this would have in­sured in each gen­er­a­tion a cross with pol­len from a dis­tinct flower, either from the same plant or from an­oth­er plant of the same hy­brid nature. And thus, the strange fact of an in­crease of fer­til­ity in the suc­cess­ive gen­er­a­tions of ar­ti­fi­cially fer­til­ised hy­brids, in con­trast with those spon­tan­eously self-fer­til­ised, may, as I be­lieve, be ac­coun­ted for by too close in­ter­breed­ing hav­ing been avoided.

				Now let us turn to the res­ults ar­rived at by a third most ex­per­i­enced hy­brid­iser, namely, the Hon. and Rev. W. Her­bert. He is as em­phat­ic in his con­clu­sion that some hy­brids are per­fectly fer­tile—as fer­tile as the pure par­ent-spe­cies—as are Kolreu­ter and Gart­ner that some de­gree of ster­il­ity between dis­tinct spe­cies is a uni­ver­sal law of nature. He ex­per­i­mented on some of the very same spe­cies as did Gart­ner. The dif­fer­ence in their res­ults may, I think, be in part ac­coun­ted for by Her­bert’s great hor­ti­cul­tur­al skill, and by his hav­ing hot­houses at his com­mand. Of his many im­port­ant state­ments I will here give only a single one as an ex­ample, namely, that “every ovule in a pod of Crin­um capense fer­til­ised by C. re­volu­tum pro­duced a plant, which I nev­er saw to oc­cur in a case of its nat­ur­al fec­und­a­tion.” So that here we have per­fect, or even more than com­monly per­fect fer­til­ity, in a first cross between two dis­tinct spe­cies.

				This case of the Crin­um leads me to refer to a sin­gu­lar fact, namely, that in­di­vidu­al plants of cer­tain spe­cies of Lo­belia, Verbas­cum and Pas­si­flora, can eas­ily be fer­til­ised by the pol­len from a dis­tinct spe­cies, but not by pol­len from the same plant, though this pol­len can be proved to be per­fectly sound by fer­til­ising oth­er plants or spe­cies. In the genus Hip­peastrum, in Cory­dal­is as shown by Pro­fess­or Hildebrand, in vari­ous orch­ids as shown by Mr. Scott and Fritz Muller, all the in­di­vidu­als are in this pe­cu­li­ar con­di­tion. So that with some spe­cies, cer­tain ab­nor­mal in­di­vidu­als, and in oth­er spe­cies all the in­di­vidu­als, can ac­tu­ally be hy­brid­ised much more read­ily than they can be fer­til­ised by pol­len from the same in­di­vidu­al plant! To give one in­stance, a bulb of Hip­peastrum aul­ic­um pro­duced four flowers; three were fer­til­ised by Her­bert with their own pol­len, and the fourth was sub­sequently fer­til­ised by the pol­len of a com­pound hy­brid des­cen­ded from three dis­tinct spe­cies: the res­ult was that “the ovar­ies of the three first flowers soon ceased to grow, and after a few days per­ished en­tirely, where­as the pod im­preg­nated by the pol­len of the hy­brid made vig­or­ous growth and rap­id pro­gress to ma­tur­ity, and bore good seed, which ve­get­ated freely.” Mr. Her­bert tried sim­il­ar ex­per­i­ments dur­ing many years, and al­ways with the same res­ult. These cases serve to show on what slight and mys­ter­i­ous causes the less­er or great­er fer­til­ity of a spe­cies some­times de­pends.

				The prac­tic­al ex­per­i­ments of hor­ti­cul­tur­ists, though not made with sci­entif­ic pre­ci­sion, de­serve some no­tice. It is no­tori­ous in how com­plic­ated a man­ner the spe­cies of Pelar­goni­um, Fuch­sia, Cal­ceolaria, Pe­tunia, Rhodo­den­dron, etc., have been crossed, yet many of these hy­brids seed freely. For in­stance, Her­bert as­serts that a hy­brid from Cal­ceolaria in­teg­ri­fo­lia and planta­ginea, spe­cies most widely dis­sim­il­ar in gen­er­al habit, “re­pro­duces it­self as per­fectly as if it had been a nat­ur­al spe­cies from the moun­tains of Chile.” I have taken some pains to as­cer­tain the de­gree of fer­til­ity of some of the com­plex crosses of rhodo­den­drons, and I am as­sured that many of them are per­fectly fer­tile. Mr. C. Noble, for in­stance, in­forms me that he raises stocks for graft­ing from a hy­brid between Rhod. ponticum and cataw­bi­ense, and that this hy­brid “seeds as freely as it is pos­sible to ima­gine.” Had hy­brids, when fairly treated, al­ways gone on de­creas­ing in fer­til­ity in each suc­cess­ive gen­er­a­tion, as Gart­ner be­lieved to be the case, the fact would have been no­tori­ous to nurs­ery­men. Hor­ti­cul­tur­ists raise large beds of the same hy­brid, and such alone are fairly treated, for by in­sect agency the sev­er­al in­di­vidu­als are al­lowed to cross freely with each oth­er, and the in­jur­i­ous in­flu­ence of close in­ter­breed­ing is thus pre­ven­ted. Any­one may read­ily con­vince him­self of the ef­fi­ciency of in­sect agency by ex­amin­ing the flowers of the more sterile kinds of hy­brid rhodo­den­drons, which pro­duce no pol­len, for he will find on their stig­mas plenty of pol­len brought from oth­er flowers.

				In re­gard to an­im­als, much few­er ex­per­i­ments have been care­fully tried than with plants. If our sys­tem­at­ic ar­range­ments can be trus­ted, that is, if the gen­era of an­im­als are as dis­tinct from each oth­er as are the gen­era of plants, then we may in­fer that an­im­als more widely dis­tinct in the scale of nature can be crossed more eas­ily than in the case of plants; but the hy­brids them­selves are, I think, more sterile. It should, how­ever, be borne in mind that, ow­ing to few an­im­als breed­ing freely un­der con­fine­ment, few ex­per­i­ments have been fairly tried: for in­stance, the ca­nary-bird has been crossed with nine dis­tinct spe­cies of finches, but, as not one of these breeds freely in con­fine­ment, we have no right to ex­pect that the first crosses between them and the ca­nary, or that their hy­brids, should be per­fectly fer­tile. Again, with re­spect to the fer­til­ity in suc­cess­ive gen­er­a­tions of the more fer­tile hy­brid an­im­als, I hardly know of an in­stance in which two fam­il­ies of the same hy­brid have been raised at the same time from dif­fer­ent par­ents, so as to avoid the ill ef­fects of close in­ter­breed­ing. On the con­trary, broth­ers and sis­ters have usu­ally been crossed in each suc­cess­ive gen­er­a­tion, in op­pos­i­tion to the con­stantly re­peated ad­mon­i­tion of every breed­er. And in this case, it is not at all sur­pris­ing that the in­her­ent ster­il­ity in the hy­brids should have gone on in­creas­ing.

				Al­though I know of hardly any thor­oughly well-au­then­tic­ated cases of per­fectly fer­tile hy­brid an­im­als, I have reas­on to be­lieve that the hy­brids from Cer­vu­lus va­ginal­is and Reevesii, and from Phasi­anus col­chi­cus with P. torquatus, are per­fectly fer­tile. M. Quatref­ages states that the hy­brids from two moths (Bombyx cyn­thia and ar­rin­dia) were proved in Par­is to be fer­tile inter se for eight gen­er­a­tions. It has lately been as­ser­ted that two such dis­tinct spe­cies as the hare and rab­bit, when they can be got to breed to­geth­er, pro­duce off­spring, which are highly fer­tile when crossed with one of the par­ent-spe­cies. The hy­brids from the com­mon and Chinese geese (A. cygnoides), spe­cies which are so dif­fer­ent that they are gen­er­ally ranked in dis­tinct gen­era, have of­ten bred in this coun­try with either pure par­ent, and in one single in­stance they have bred inter se. This was ef­fected by Mr. Eyton, who raised two hy­brids from the same par­ents, but from dif­fer­ent hatches; and from these two birds he raised no less than eight hy­brids (grand­chil­dren of the pure geese) from one nest. In In­dia, how­ever, these cross­bred geese must be far more fer­tile; for I am as­sured by two em­in­ently cap­able judges, namely Mr. Blyth and Cap­tain Hut­ton, that whole flocks of these crossed geese are kept in vari­ous parts of the coun­try; and as they are kept for profit, where neither pure par­ent-spe­cies ex­ists, they must cer­tainly be highly or per­fectly fer­tile.

				With our do­mest­ic­ated an­im­als, the vari­ous races when crossed to­geth­er are quite fer­tile; yet in many cases they are des­cen­ded from two or more wild spe­cies. From this fact we must con­clude either that the ab­ori­gin­al par­ent-spe­cies at first pro­duced per­fectly fer­tile hy­brids, or that the hy­brids sub­sequently reared un­der do­mest­ic­a­tion be­came quite fer­tile. This lat­ter al­tern­at­ive, which was first pro­pounded by Pal­las, seems by far the most prob­able, and can, in­deed, hardly be doubted. It is, for in­stance, al­most cer­tain that our dogs are des­cen­ded from sev­er­al wild stocks; yet, with per­haps the ex­cep­tion of cer­tain in­di­gen­ous do­mest­ic dogs of South Amer­ica, all are quite fer­tile to­geth­er; but ana­logy makes me greatly doubt, wheth­er the sev­er­al ab­ori­gin­al spe­cies would at first have freely bred to­geth­er and have pro­duced quite fer­tile hy­brids. So again I have lately ac­quired de­cis­ive evid­ence that the crossed off­spring from the In­di­an humped and com­mon cattle are inter se per­fectly fer­tile; and from the ob­ser­va­tions by Ru­timey­er on their im­port­ant os­teo­lo­gic­al dif­fer­ences, as well as from those by Mr. Blyth on their dif­fer­ences in habits, voice, con­sti­tu­tion, etc., these two forms must be re­garded as good and dis­tinct spe­cies. The same re­marks may be ex­ten­ded to the two chief races of the pig. We must, there­fore, either give up the be­lief of the uni­ver­sal ster­il­ity of spe­cies when crossed; or we must look at this ster­il­ity in an­im­als, not as an in­delible char­ac­ter­ist­ic, but as one cap­able of be­ing re­moved by do­mest­ic­a­tion.

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

			
			
				Laws Governing the Sterility of First Crosses and of Hybrids

				We will now con­sider a little more in de­tail the laws gov­ern­ing the ster­il­ity of first crosses and of hy­brids. Our chief ob­ject will be to see wheth­er or not these laws in­dic­ate that spe­cies have been spe­cially en­dowed with this qual­ity, in or­der to pre­vent their cross­ing and blend­ing to­geth­er in ut­ter con­fu­sion. The fol­low­ing con­clu­sions are drawn up chiefly from Gart­ner’s ad­mir­able work on the hy­brid­isa­tion of plants. I have taken much pains to as­cer­tain how far they ap­ply to an­im­als, and, con­sid­er­ing how scanty our know­ledge is in re­gard to hy­brid an­im­als, I have been sur­prised to find how gen­er­ally the same rules ap­ply to both king­doms.

				It has been already re­marked, that the de­gree of fer­til­ity, both of first crosses and of hy­brids, gradu­ates from zero to per­fect fer­til­ity. It is sur­pris­ing in how many curi­ous ways this grad­a­tion can be shown; but only the barest out­line of the facts can here be giv­en. When pol­len from a plant of one fam­ily is placed on the stigma of a plant of a dis­tinct fam­ily, it ex­erts no more in­flu­ence than so much in­or­gan­ic dust. From this ab­so­lute zero of fer­til­ity, the pol­len of dif­fer­ent spe­cies ap­plied to the stigma of some one spe­cies of the same genus, yields a per­fect grad­a­tion in the num­ber of seeds pro­duced, up to nearly com­plete or even quite com­plete fer­til­ity; and, as we have seen, in cer­tain ab­nor­mal cases, even to an ex­cess of fer­til­ity, bey­ond that which the plant’s own pol­len pro­duces. So in hy­brids them­selves, there are some which nev­er have pro­duced, and prob­ably nev­er would pro­duce, even with the pol­len of the pure par­ents, a single fer­tile seed: but in some of these cases a first trace of fer­til­ity may be de­tec­ted, by the pol­len of one of the pure par­ent-spe­cies caus­ing the flower of the hy­brid to with­er earli­er than it oth­er­wise would have done; and the early with­er­ing of the flower is well known to be a sign of in­cip­i­ent fer­til­isa­tion. From this ex­treme de­gree of ster­il­ity we have self-fer­til­ised hy­brids pro­du­cing a great­er and great­er num­ber of seeds up to per­fect fer­til­ity.

				The hy­brids raised from two spe­cies which are very dif­fi­cult to cross, and which rarely pro­duce any off­spring, are gen­er­ally very sterile; but the par­al­lel­ism between the dif­fi­culty of mak­ing a first cross, and the ster­il­ity of the hy­brids thus pro­duced—two classes of facts which are gen­er­ally con­foun­ded to­geth­er—is by no means strict. There are many cases, in which two pure spe­cies, as in the genus Verbas­cum, can be united with un­usu­al fa­cil­ity, and pro­duce nu­mer­ous hy­brid off­spring, yet these hy­brids are re­mark­ably sterile. On the oth­er hand, there are spe­cies which can be crossed very rarely, or with ex­treme dif­fi­culty, but the hy­brids, when at last pro­duced, are very fer­tile. Even with­in the lim­its of the same genus, for in­stance in Di­anthus, these two op­pos­ite cases oc­cur.

				The fer­til­ity, both of first crosses and of hy­brids, is more eas­ily af­fected by un­fa­vour­able con­di­tions, than is that of pure spe­cies. But the fer­til­ity of first crosses is like­wise in­nately vari­able; for it is not al­ways the same in de­gree when the same two spe­cies are crossed un­der the same cir­cum­stances; it de­pends in part upon the con­sti­tu­tion of the in­di­vidu­als which hap­pen to have been chosen for the ex­per­i­ment. So it is with hy­brids, for their de­gree of fer­til­ity is of­ten found to dif­fer greatly in the sev­er­al in­di­vidu­als raised from seed out of the same cap­sule and ex­posed to the same con­di­tions.

				By the term sys­tem­at­ic af­fin­ity is meant, the gen­er­al re­semb­lance between spe­cies in struc­ture and con­sti­tu­tion. Now the fer­til­ity of first crosses, and of the hy­brids pro­duced from them, is largely gov­erned by their sys­tem­at­ic af­fin­ity. This is clearly shown by hy­brids nev­er hav­ing been raised between spe­cies ranked by sys­tem­at­ists in dis­tinct fam­il­ies; and on the oth­er hand, by very closely al­lied spe­cies gen­er­ally unit­ing with fa­cil­ity. But the cor­res­pond­ence between sys­tem­at­ic af­fin­ity and the fa­cil­ity of cross­ing is by no means strict. A mul­ti­tude of cases could be giv­en of very closely al­lied spe­cies which will not unite, or only with ex­treme dif­fi­culty; and on the oth­er hand of very dis­tinct spe­cies which unite with the ut­most fa­cil­ity. In the same fam­ily there may be a genus, as Di­anthus, in which very many spe­cies can most read­ily be crossed; and an­oth­er genus, as Si­lene, in which the most per­sever­ing ef­forts have failed to pro­duce between ex­tremely close spe­cies a single hy­brid. Even with­in the lim­its of the same genus, we meet with this same dif­fer­ence; for in­stance, the many spe­cies of Nico­tiana have been more largely crossed than the spe­cies of al­most any oth­er genus; but Gart­ner found that N. acuminata, which is not a par­tic­u­larly dis­tinct spe­cies, ob­stin­ately failed to fer­til­ise, or to be fer­til­ised, by no less than eight oth­er spe­cies of Nico­tiana. Many ana­log­ous facts could be giv­en.

				No one has been able to point out what kind or what amount of dif­fer­ence, in any re­cog­nis­able char­ac­ter, is suf­fi­cient to pre­vent two spe­cies cross­ing. It can be shown that plants most widely dif­fer­ent in habit and gen­er­al ap­pear­ance, and hav­ing strongly marked dif­fer­ences in every part of the flower, even in the pol­len, in the fruit, and in the coty­le­dons, can be crossed. An­nu­al and per­en­ni­al plants, de­cidu­ous and ever­green trees, plants in­hab­it­ing dif­fer­ent sta­tions and fit­ted for ex­tremely dif­fer­ent cli­mates, can of­ten be crossed with ease.

				By a re­cip­roc­al cross between two spe­cies, I mean the case, for in­stance, of a fe­male-ass be­ing first crossed by a stal­lion, and then a mare by a male-ass: these two spe­cies may then be said to have been re­cip­roc­ally crossed. There is of­ten the widest pos­sible dif­fer­ence in the fa­cil­ity of mak­ing re­cip­roc­al crosses. Such cases are highly im­port­ant, for they prove that the ca­pa­city in any two spe­cies to cross is of­ten com­pletely in­de­pend­ent of their sys­tem­at­ic af­fin­ity, that is of any dif­fer­ence in their struc­ture or con­sti­tu­tion, ex­cept­ing in their re­pro­duct­ive sys­tems. The di­versity of the res­ult in re­cip­roc­al crosses between the same two spe­cies was long ago ob­served by Kolreu­ter. To give an in­stance: Mirabil­is jalapa can eas­ily be fer­til­ised by the pol­len of M. longi­flora, and the hy­brids thus pro­duced are suf­fi­ciently fer­tile; but Kolreu­ter tried more than two hun­dred times, dur­ing eight fol­low­ing years, to fer­til­ise re­cip­roc­ally M. longi­flora with the pol­len of M. jalapa, and ut­terly failed. Sev­er­al oth­er equally strik­ing cases could be giv­en. Thuret has ob­served the same fact with cer­tain sea­weeds or Fuci. Gart­ner, moreover, found that this dif­fer­ence of fa­cil­ity in mak­ing re­cip­roc­al crosses is ex­tremely com­mon in a less­er de­gree. He has ob­served it even between closely re­lated forms (as Mat­thi­ola an­nua and glabra) which many bot­an­ists rank only as vari­et­ies. It is also a re­mark­able fact that hy­brids raised from re­cip­roc­al crosses, though of course com­poun­ded of the very same two spe­cies, the one spe­cies hav­ing first been used as the fath­er and then as the moth­er, though they rarely dif­fer in ex­tern­al char­ac­ters, yet gen­er­ally dif­fer in fer­til­ity in a small, and oc­ca­sion­ally in a high de­gree.

				Sev­er­al oth­er sin­gu­lar rules could be giv­en from Gart­ner: for in­stance, some spe­cies have a re­mark­able power of cross­ing with oth­er spe­cies; oth­er spe­cies of the same genus have a re­mark­able power of im­press­ing their like­ness on their hy­brid off­spring; but these two powers do not at all ne­ces­sar­ily go to­geth­er. There are cer­tain hy­brids which, in­stead of hav­ing, as is usu­al, an in­ter­me­di­ate char­ac­ter between their two par­ents, al­ways closely re­semble one of them; and such hy­brids, though ex­tern­ally so like one of their pure par­ent-spe­cies, are with rare ex­cep­tions ex­tremely sterile. So again among hy­brids which are usu­ally in­ter­me­di­ate in struc­ture between their par­ents, ex­cep­tion­al and ab­nor­mal in­di­vidu­als some­times are born, which closely re­semble one of their pure par­ents; and these hy­brids are al­most al­ways ut­terly sterile, even when the oth­er hy­brids raised from seed from the same cap­sule have a con­sid­er­able de­gree of fer­til­ity. These facts show how com­pletely the fer­til­ity of a hy­brid may be in­de­pend­ent of its ex­tern­al re­semb­lance to either pure par­ent.

				Con­sid­er­ing the sev­er­al rules now giv­en, which gov­ern the fer­til­ity of first crosses and of hy­brids, we see that when forms, which must be con­sidered as good and dis­tinct spe­cies, are united, their fer­til­ity gradu­ates from zero to per­fect fer­til­ity, or even to fer­til­ity un­der cer­tain con­di­tions in ex­cess; that their fer­til­ity, be­sides be­ing em­in­ently sus­cept­ible to fa­vour­able and un­fa­vour­able con­di­tions, is in­nately vari­able; that it is by no means al­ways the same in de­gree in the first cross and in the hy­brids pro­duced from this cross; that the fer­til­ity of hy­brids is not re­lated to the de­gree in which they re­semble in ex­tern­al ap­pear­ance either par­ent; and lastly, that the fa­cil­ity of mak­ing a first cross between any two spe­cies is not al­ways gov­erned by their sys­tem­at­ic af­fin­ity or de­gree of re­semb­lance to each oth­er. This lat­ter state­ment is clearly proved by the dif­fer­ence in the res­ult of re­cip­roc­al crosses between the same two spe­cies, for, ac­cord­ing as the one spe­cies or the oth­er is used as the fath­er or the moth­er, there is gen­er­ally some dif­fer­ence, and oc­ca­sion­ally the widest pos­sible dif­fer­ence, in the fa­cil­ity of ef­fect­ing an uni­on. The hy­brids, moreover, pro­duced from re­cip­roc­al crosses of­ten dif­fer in fer­til­ity.

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

				The fore­go­ing rules and facts, on the oth­er hand, ap­pear to me clearly to in­dic­ate that the ster­il­ity, both of first crosses and of hy­brids, is simply in­cid­ent­al or de­pend­ent on un­known dif­fer­ences in their re­pro­duct­ive sys­tems; the dif­fer­ences be­ing of so pe­cu­li­ar and lim­ited a nature, that, in re­cip­roc­al crosses between the same two spe­cies, the male sexu­al ele­ment of the one will of­ten freely act on the fe­male sexu­al ele­ment of the oth­er, but not in a re­versed dir­ec­tion. It will be ad­vis­able to ex­plain a little more fully, by an ex­ample, what I mean by ster­il­ity be­ing in­cid­ent­al on oth­er dif­fer­ences, and not a spe­cially en­dowed qual­ity. As the ca­pa­city of one plant to be graf­ted or bud­ded on an­oth­er is un­im­port­ant for their wel­fare in a state of nature, I pre­sume that no one will sup­pose that this ca­pa­city is a spe­cially en­dowed qual­ity, but will ad­mit that it is in­cid­ent­al on dif­fer­ences in the laws of growth of the two plants. We can some­times see the reas­on why one tree 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 nature of their sap, etc.; but in a mul­ti­tude of cases we can as­sign no reas­on whatever. Great di­versity in the size of two plants, one be­ing woody and the oth­er herb­aceous, one be­ing ever­green and the oth­er de­cidu­ous, and ad­apt­a­tion to widely dif­fer­ent cli­mates, does not al­ways pre­vent the two graft­ing to­geth­er. As in hy­brid­isa­tion, so with graft­ing, the ca­pa­city is lim­ited by sys­tem­at­ic af­fin­ity, for no one has been able to graft to­geth­er trees be­long­ing to quite dis­tinct fam­il­ies; and, on the oth­er hand, closely al­lied spe­cies and vari­et­ies of the same spe­cies, can usu­ally, but not in­vari­ably, be graf­ted with ease. But this ca­pa­city, as in hy­brid­isa­tion, is by no means ab­so­lutely gov­erned by sys­tem­at­ic af­fin­ity. Al­though many dis­tinct gen­era with­in the same fam­ily have been graf­ted to­geth­er, in oth­er cases spe­cies of the same genus will not take on each oth­er. The pear can be graf­ted far more read­ily on the quince, which is ranked as a dis­tinct genus, than on the apple, which is a mem­ber of the same genus. Even dif­fer­ent vari­et­ies of the pear take with dif­fer­ent de­grees of fa­cil­ity on the quince; so do dif­fer­ent vari­et­ies of the apricot and peach on cer­tain vari­et­ies of the plum.

				As Gart­ner found that there was some­times an in­nate dif­fer­ence in dif­fer­ent in­di­vidu­als of the same two spe­cies in cross­ing; so Sagaret be­lieves this to be the case with dif­fer­ent in­di­vidu­als of the same two spe­cies in be­ing graf­ted to­geth­er. As in re­cip­roc­al crosses, the fa­cil­ity of ef­fect­ing an uni­on is of­ten very far from equal, so it some­times is in graft­ing. The com­mon goose­berry, for in­stance, can­not be graf­ted on the cur­rant, where­as the cur­rant will take, though with dif­fi­culty, on the goose­berry.

				We have seen that the ster­il­ity of hy­brids which have their re­pro­duct­ive or­gans in an im­per­fect con­di­tion, is a dif­fer­ent case from the dif­fi­culty of unit­ing two pure spe­cies, which have their re­pro­duct­ive or­gans per­fect; yet these two dis­tinct classes of cases run to a large ex­tent par­al­lel. Some­thing ana­log­ous oc­curs in graft­ing; for Thouin found that three spe­cies of Robin­ia, which seeded freely on their own roots, and which could be graf­ted with no great dif­fi­culty on a fourth spe­cies, when thus graf­ted were rendered bar­ren. On the oth­er hand, cer­tain spe­cies of Sor­bus, when graf­ted on oth­er spe­cies, yiel­ded twice as much fruit as when on their own roots. We are re­minded by this lat­ter fact of the ex­traordin­ary cases of Hip­peastrum, Pas­si­flora, etc., which seed much more freely when fer­til­ised with the pol­len of a dis­tinct spe­cies than when fer­til­ised with pol­len from the same plant.

				We thus see that, al­though there is a clear and great dif­fer­ence between the mere ad­he­sion of graf­ted stocks and the uni­on of the male and fe­male ele­ments in the act of re­pro­duc­tion, yet that there is a rude de­gree of par­al­lel­ism in the res­ults of graft­ing and of cross­ing dis­tinct spe­cies. And as we must look at the curi­ous and com­plex laws gov­ern­ing the fa­cil­ity with which trees can be graf­ted on each oth­er as in­cid­ent­al on un­known dif­fer­ences in their ve­get­at­ive sys­tems, so I be­lieve that the still more com­plex laws gov­ern­ing the fa­cil­ity of first crosses are in­cid­ent­al on un­known dif­fer­ences in their re­pro­duct­ive sys­tems. These dif­fer­ences in both cases fol­low, to a cer­tain ex­tent, as might have been ex­pec­ted, sys­tem­at­ic af­fin­ity, by which term every kind of re­semb­lance and dis­sim­il­ar­ity between or­gan­ic be­ings is at­temp­ted to be ex­pressed. The facts by no means seem to in­dic­ate that the great­er or less­er dif­fi­culty of either graft­ing or cross­ing vari­ous spe­cies has been a spe­cial en­dow­ment; al­though in the case of cross­ing, the dif­fi­culty is as im­port­ant for the en­dur­ance and sta­bil­ity of spe­cif­ic forms as in the case of graft­ing it is un­im­port­ant for their wel­fare.

			
			
				Origin and Causes of the Sterility of First Crosses and of Hybrids

				At one time it ap­peared to me prob­able, as it has to oth­ers, that the ster­il­ity of first crosses and of hy­brids might have been slowly ac­quired through the nat­ur­al se­lec­tion of slightly lessened de­grees of fer­til­ity, which, like any oth­er vari­ation, spon­tan­eously ap­peared in cer­tain in­di­vidu­als of one vari­ety when crossed with those of an­oth­er vari­ety. For it would clearly be ad­vant­age­ous to two vari­et­ies or in­cip­i­ent spe­cies if they could be kept from blend­ing, on the same prin­ciple that, when man is se­lect­ing at the same time two vari­et­ies, it is ne­ces­sary that he should keep them sep­ar­ate. In the first place, it may be re­marked that spe­cies in­hab­it­ing dis­tinct re­gions are of­ten sterile when crossed; now it could clearly have been of no ad­vant­age to such sep­ar­ated spe­cies to have been rendered mu­tu­ally sterile, and con­sequently this could not have been ef­fected through nat­ur­al se­lec­tion; but it may per­haps be ar­gued, that, if a spe­cies was rendered sterile with some one com­pat­ri­ot, ster­il­ity with oth­er spe­cies would fol­low as a ne­ces­sary con­tin­gency. In the second place, it is al­most as much op­posed to the the­ory of nat­ur­al se­lec­tion as to that of spe­cial cre­ation, that in re­cip­roc­al crosses the male ele­ment of one form should have been rendered ut­terly im­pot­ent on a second form, while at the same time the male ele­ment of this second form is en­abled freely to fer­til­ise the first form; for this pe­cu­li­ar state of the re­pro­duct­ive sys­tem could hardly have been ad­vant­age­ous to either spe­cies.

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

				But it would be su­per­flu­ous to dis­cuss this ques­tion in de­tail: for with plants we have con­clus­ive evid­ence that the ster­il­ity of crossed spe­cies must be due to some prin­ciple, quite in­de­pend­ent of nat­ur­al se­lec­tion. Both Gart­ner and Kolreu­ter have proved that in gen­era in­clud­ing nu­mer­ous spe­cies, a series can be formed from spe­cies which when crossed yield few­er and few­er seeds, to spe­cies which nev­er pro­duce a single seed, but yet are af­fected by the pol­len of cer­tain oth­er spe­cies, for the ger­men swells. It is here mani­festly im­possible to se­lect the more sterile in­di­vidu­als, which have already ceased to yield seeds; so that this acme of ster­il­ity, when the ger­men alone is ef­fected, can­not have been gained through se­lec­tion; and from the laws gov­ern­ing the vari­ous grades of ster­il­ity be­ing so uni­form through­out the an­im­al and ve­get­able king­doms, we may in­fer that the cause, whatever it may be, is the same or nearly the same in all cases.

				

				We will now look a little closer at the prob­able nature of the dif­fer­ences between spe­cies which in­duce ster­il­ity in first crosses and in hy­brids. In the case of first crosses, the great­er or less dif­fi­culty in ef­fect­ing a uni­on and in ob­tain­ing off­spring ap­par­ently de­pends on sev­er­al dis­tinct causes. There must some­times be a phys­ic­al im­possib­il­ity in the male ele­ment reach­ing the ovule, as would be the case with a plant hav­ing a pis­til too long for the pol­len-tubes to reach the ovari­um. It has also been ob­served that when the pol­len of one spe­cies is placed on the stigma of a dis­tantly al­lied spe­cies, though the pol­len-tubes pro­trude, they do not pen­et­rate the stig­mat­ic sur­face. Again, the male ele­ment may reach the fe­male ele­ment, but be in­cap­able of caus­ing an em­bryo to be de­veloped, as seems to have been the case with some of Thuret’s ex­per­i­ments on Fuci. No ex­plan­a­tion can be giv­en of these facts, any more than why cer­tain trees can­not be graf­ted on oth­ers. Lastly, an em­bryo may be de­veloped, and then per­ish at an early peri­od. This lat­ter al­tern­at­ive has not been suf­fi­ciently at­ten­ded to; but I be­lieve, from ob­ser­va­tions com­mu­nic­ated to me by Mr. He­witt, who has had great ex­per­i­ence in hy­brid­ising pheas­ants and fowls, that the early death of the em­bryo is a very fre­quent cause of ster­il­ity in first crosses. Mr. Salt­er has re­cently giv­en the res­ults of an ex­am­in­a­tion of about 500 eggs pro­duced from vari­ous crosses between three spe­cies of Gal­lus and their hy­brids; the ma­jor­ity of these eggs had been fer­til­ised; and in the ma­jor­ity of the fer­til­ised eggs, the em­bry­os had either been par­tially de­veloped and had then per­ished, or had be­come nearly ma­ture, but the young chick­ens had been un­able to break through the shell. Of the chick­ens which were born, more than four-fifths died with­in the first few days, or at latest weeks, “without any ob­vi­ous cause, ap­par­ently from mere in­ab­il­ity to live;” so that from the 500 eggs only twelve chick­ens were reared. With plants, hy­brid­ized em­bry­os prob­ably of­ten per­ish in a like man­ner; at least it is known that hy­brids raised from very dis­tinct spe­cies are some­times weak and dwarfed, and per­ish at an early age; of which fact Max Wichura has re­cently giv­en some strik­ing cases with hy­brid wil­lows. It may be here worth no­ti­cing that in some cases of partheno­gen­es­is, the em­bry­os with­in the eggs of silk moths which had not been fer­til­ised, pass through their early stages of de­vel­op­ment and then per­ish like the em­bry­os pro­duced by a cross between dis­tinct spe­cies. Un­til be­com­ing ac­quain­ted with these facts, I was un­will­ing to be­lieve in the fre­quent early death of hy­brid em­bry­os; for hy­brids, when once born, are gen­er­ally healthy and long-lived, as we see in the case of the com­mon mule. Hy­brids, how­ever, are dif­fer­ently cir­cum­stanced be­fore and after birth: when born and liv­ing in a coun­try where their two par­ents live, they are gen­er­ally placed un­der suit­able con­di­tions of life. But a hy­brid par­takes of only half of the nature and con­sti­tu­tion of its moth­er; it may there­fore, be­fore birth, as long as it is nour­ished with­in its moth­er’s womb, or with­in the egg or seed pro­duced by the moth­er, be ex­posed to con­di­tions in some de­gree un­suit­able, and con­sequently be li­able to per­ish at an early peri­od; more es­pe­cially as all very young be­ings are em­in­ently sens­it­ive to in­jur­i­ous or un­nat­ur­al con­di­tions of life. But after all, the cause more prob­ably lies in some im­per­fec­tion in the ori­gin­al act of im­preg­na­tion, caus­ing the em­bryo to be im­per­fectly de­veloped, rather than in the con­di­tions to which it is sub­sequently ex­posed.

				In re­gard to the ster­il­ity of hy­brids, in which the sexu­al ele­ments are im­per­fectly de­veloped, the case is some­what dif­fer­ent. I have more than once al­luded to a large body of facts show­ing that, when an­im­als and plants are re­moved from their nat­ur­al con­di­tions, they are ex­tremely li­able to have their re­pro­duct­ive sys­tems ser­i­ously af­fected. This, in fact, is the great bar to the do­mest­ic­a­tion of an­im­als. Between the ster­il­ity thus su­per­in­duced and that of hy­brids, there are many points of sim­il­ar­ity. In both cases the ster­il­ity is in­de­pend­ent of gen­er­al health, and is of­ten ac­com­pan­ied by ex­cess of size or great lux­uri­ance. In both cases the ster­il­ity oc­curs in vari­ous de­grees; in both, the male ele­ment is the most li­able to be af­fected; but some­times the fe­male more than the male. In both, the tend­ency goes to a cer­tain ex­tent with sys­tem­at­ic af­fin­ity, for whole groups of an­im­als and plants are rendered im­pot­ent by the same un­nat­ur­al con­di­tions; and whole groups of spe­cies tend to pro­duce sterile hy­brids. On the oth­er hand, one spe­cies in a group will some­times res­ist great changes of con­di­tions with un­im­paired fer­til­ity; and cer­tain spe­cies in a group will pro­duce un­usu­ally fer­tile hy­brids. No one can tell till he tries, wheth­er any par­tic­u­lar an­im­al will breed un­der con­fine­ment, or any exot­ic plant seed freely un­der cul­ture; nor can he tell till he tries, wheth­er any two spe­cies of a genus will pro­duce more or less sterile hy­brids. Lastly, when or­gan­ic be­ings are placed dur­ing sev­er­al gen­er­a­tions un­der con­di­tions not nat­ur­al to them, they are ex­tremely li­able to vary, which seems to be partly due to their re­pro­duct­ive sys­tems hav­ing been spe­cially af­fected, though in a less­er de­gree than when ster­il­ity en­sues. So it is with hy­brids, for their off­spring in suc­cess­ive gen­er­a­tions are em­in­ently li­able to vary, as every ex­per­i­ment­al­ist has ob­served.

				Thus we see that when or­gan­ic be­ings are placed un­der new and un­nat­ur­al con­di­tions, and when hy­brids are pro­duced by the un­nat­ur­al cross­ing of two spe­cies, the re­pro­duct­ive sys­tem, in­de­pend­ently of the gen­er­al state of health, is af­fected in a very sim­il­ar man­ner. In the one case, the con­di­tions of life have been dis­turbed, though of­ten in so slight a de­gree as to be in­ap­pre­ciable by us; in the oth­er case, or that of hy­brids, the ex­tern­al con­di­tions have re­mained the same, but the or­gan­isa­tion has been dis­turbed by two dis­tinct struc­tures and con­sti­tu­tions, in­clud­ing of course the re­pro­duct­ive sys­tems, hav­ing been blen­ded in­to one. For it is scarcely pos­sible that two or­gan­isa­tions should be com­poun­ded in­to one, without some dis­turb­ance oc­cur­ring in the de­vel­op­ment, or peri­od­ic­al ac­tion, or mu­tu­al re­la­tions of the dif­fer­ent parts and or­gans one to an­oth­er or to the con­di­tions of life. When hy­brids are able to breed inter se, they trans­mit to their off­spring from gen­er­a­tion to gen­er­a­tion the same com­poun­ded or­gan­isa­tion, and hence we need not be sur­prised that their ster­il­ity, though in some de­gree vari­able, does not di­min­ish; it is even apt to in­crease, this be­ing gen­er­ally the res­ult, as be­fore ex­plained, of too close in­ter­breed­ing. The above view of the ster­il­ity of hy­brids be­ing caused by two con­sti­tu­tions be­ing com­poun­ded in­to one has been strongly main­tained by Max Wichura.

				It must, how­ever, be owned that we can­not un­der­stand, on the above or any oth­er view, sev­er­al facts with re­spect to the ster­il­ity of hy­brids; for in­stance, the un­equal fer­til­ity of hy­brids pro­duced from re­cip­roc­al crosses; or the in­creased ster­il­ity in those hy­brids which oc­ca­sion­ally and ex­cep­tion­ally re­semble closely either pure par­ent. Nor do I pre­tend that the fore­go­ing re­marks go to the root of the mat­ter: no ex­plan­a­tion is offered why an or­gan­ism, when placed un­der un­nat­ur­al con­di­tions, is rendered sterile. All that I have at­temp­ted to show is, that in two cases, in some re­spects al­lied, ster­il­ity is the com­mon res­ult—in the one case from the con­di­tions of life hav­ing been dis­turbed, in the oth­er case from the or­gan­isa­tion hav­ing been dis­turbed by two or­gan­isa­tions be­ing com­poun­ded in­to one.

				A sim­il­ar par­al­lel­ism holds good with an al­lied yet very dif­fer­ent class of facts. It is an old and al­most uni­ver­sal be­lief, foun­ded on a con­sid­er­able body of evid­ence, which I have else­where giv­en, that slight changes in the con­di­tions of life are be­ne­fi­cial to all liv­ing things. We see this ac­ted on by farm­ers and garden­ers in their fre­quent ex­changes of seed, tubers, etc., from one soil or cli­mate to an­oth­er, and back again. Dur­ing the con­vales­cence of an­im­als, great be­ne­fit is de­rived from al­most any change in their habits of life. Again, both with plants and an­im­als, there is the clearest evid­ence that a cross between in­di­vidu­als of the same spe­cies, which dif­fer to a cer­tain ex­tent, gives vigour and fer­til­ity to the off­spring; and that close in­ter­breed­ing con­tin­ued dur­ing sev­er­al gen­er­a­tions between the nearest re­la­tions, if these be kept un­der the same con­di­tions of life, al­most al­ways leads to de­creased size, weak­ness, or ster­il­ity.

				Hence it seems that, on the one hand, slight changes in the con­di­tions of life be­ne­fit all or­gan­ic be­ings, and on the oth­er hand, that slight crosses, that is, crosses between the males and fe­males of the same spe­cies, which have been sub­jec­ted to slightly dif­fer­ent con­di­tions, or which have slightly var­ied, give vigour and fer­til­ity to the off­spring. But, as we have seen, or­gan­ic be­ings long ha­bitu­ated to cer­tain uni­form con­di­tions un­der a state of nature, when sub­jec­ted, as un­der con­fine­ment, to a con­sid­er­able change in their con­di­tions, very fre­quently are rendered more or less sterile; and we know that a cross between two forms that have be­come widely or spe­cific­ally dif­fer­ent, pro­duce hy­brids which are al­most al­ways in some de­gree sterile. I am fully per­suaded that this double par­al­lel­ism is by no means an ac­ci­dent or an il­lu­sion. He who is able to ex­plain why the ele­phant, and a mul­ti­tude of oth­er an­im­als, are in­cap­able of breed­ing when kept un­der only par­tial con­fine­ment in their nat­ive coun­try, will be able to ex­plain the primary cause of hy­brids be­ing so gen­er­ally sterile. He will at the same time be able to ex­plain how it is that the races of some of our do­mest­ic­ated an­im­als, which have of­ten been sub­jec­ted to new and not uni­form con­di­tions, are quite fer­tile to­geth­er, al­though they are des­cen­ded from dis­tinct spe­cies, which would prob­ably have been sterile if ab­ori­gin­ally crossed. The above two par­al­lel series of facts seem to be con­nec­ted to­geth­er by some com­mon but un­known bond, which is es­sen­tially re­lated to the prin­ciple of life; this prin­ciple, ac­cord­ing to Mr. Her­bert Spen­cer, be­ing that life de­pends on, or con­sists in, the in­cess­ant ac­tion and re­ac­tion of vari­ous forces, which, as through­out nature, are al­ways tend­ing to­wards an equi­lib­ri­um; and when this tend­ency is slightly dis­turbed by any change, the vi­tal forces gain in power.

			
			
				Reciprocal Dimorphism and Trimorphism

				This sub­ject may be here briefly dis­cussed, and will be found to throw some light on hy­brid­ism. Sev­er­al plants be­long­ing to dis­tinct or­ders present two forms, which ex­ist in about equal num­bers and which dif­fer in no re­spect ex­cept in their re­pro­duct­ive or­gans; one form hav­ing a long pis­til with short sta­mens, the oth­er a short pis­til with long sta­mens; the two hav­ing dif­fer­ently sized pol­len-grains. With tri­morph­ic plants there are three forms like­wise dif­fer­ing in the lengths of their pis­tils and sta­mens, in the size and col­our of the pol­len-grains, and in some oth­er re­spects; and as in each of the three forms there are two sets of sta­mens, the three forms pos­sess al­to­geth­er six sets of sta­mens and three kinds of pis­tils. These or­gans are so pro­por­tioned in length to each oth­er that half the sta­mens in two of the forms stand on a level with the stigma of the third form. Now I have shown, and the res­ult has been con­firmed by oth­er ob­serv­ers, that in or­der to ob­tain full fer­til­ity with these plants, it is ne­ces­sary that the stigma of the one form should be fer­til­ised by pol­len taken from the sta­mens of cor­res­pond­ing height in an­oth­er form. So that with di­morph­ic spe­cies two uni­ons, which may be called le­git­im­ate, are fully fer­tile; and two, which may be called il­le­git­im­ate, are more or less in­fer­tile. With tri­morph­ic spe­cies six uni­ons are le­git­im­ate, or fully fer­tile, and twelve are il­le­git­im­ate, or more or less in­fer­tile.

				The in­fer­til­ity which may be ob­served in vari­ous di­morph­ic and tri­morph­ic plants, when they are il­le­git­im­ately fer­til­ised, that is by pol­len taken from sta­mens not cor­res­pond­ing in height with the pis­til, dif­fers much in de­gree, up to ab­so­lute and ut­ter ster­il­ity; just in the same man­ner as oc­curs in cross­ing dis­tinct spe­cies. As the de­gree of ster­il­ity in the lat­ter case de­pends in an em­in­ent de­gree on the con­di­tions of life be­ing more or less fa­vour­able, so I have found it with il­le­git­im­ate uni­ons. It is well known that if pol­len of a dis­tinct spe­cies be placed on the stigma of a flower, and its own pol­len be af­ter­wards, even after a con­sid­er­able in­ter­val of time, placed on the same stigma, its ac­tion is so strongly pre­po­tent that it gen­er­ally an­ni­hil­ates the ef­fect of the for­eign pol­len; so it is with the pol­len of the sev­er­al forms of the same spe­cies, for le­git­im­ate pol­len is strongly pre­po­tent over il­le­git­im­ate pol­len, when both are placed on the same stigma. I as­cer­tained this by fer­til­ising sev­er­al flowers, first il­le­git­im­ately, and twenty-four hours af­ter­wards le­git­im­ately, with pol­len taken from a pe­cu­li­arly col­oured vari­ety, and all the seed­lings were sim­il­arly col­oured; this shows that the le­git­im­ate pol­len, though ap­plied twenty-four hours sub­sequently, had wholly des­troyed or pre­ven­ted the ac­tion of the pre­vi­ously ap­plied il­le­git­im­ate pol­len. Again, as in mak­ing re­cip­roc­al crosses between the same two spe­cies, there is oc­ca­sion­ally a great dif­fer­ence in the res­ult, so the same thing oc­curs with tri­morph­ic plants; for in­stance, the mid-styled form of Ly­thrum sali­caria was il­le­git­im­ately fer­til­ised with the greatest ease by pol­len from the longer sta­mens of the short-styled form, and yiel­ded many seeds; but the lat­ter form did not yield a single seed when fer­til­ised by the longer sta­mens of the mid-styled form.

				In all these re­spects, and in oth­ers which might be ad­ded, the forms of the same un­doubted spe­cies, when il­le­git­im­ately united, be­have in ex­actly the same man­ner as do two dis­tinct spe­cies when crossed. This led me care­fully to ob­serve dur­ing four years many seed­lings, raised from sev­er­al il­le­git­im­ate uni­ons. The chief res­ult is that these il­le­git­im­ate plants, as they may be called, are not fully fer­tile. It is pos­sible to raise from di­morph­ic spe­cies, both long-styled and short-styled il­le­git­im­ate plants, and from tri­morph­ic plants all three il­le­git­im­ate forms. These can then be prop­erly united in a le­git­im­ate man­ner. When this is done, there is no ap­par­ent reas­on why they should not yield as many seeds as did their par­ents when le­git­im­ately fer­til­ised. But such is not the case. They are all in­fer­tile, in vari­ous de­grees; some be­ing so ut­terly and in­cur­ably sterile that they did not yield dur­ing four sea­sons a single seed or even seed-cap­sule. The ster­il­ity of these il­le­git­im­ate plants, when united with each oth­er in a le­git­im­ate man­ner, may be strictly com­pared with that of hy­brids when crossed inter se. If, on the oth­er hand, a hy­brid is crossed with either pure par­ent-spe­cies, the ster­il­ity is usu­ally much lessened: and so it is when an il­le­git­im­ate plant is fer­til­ised by a le­git­im­ate plant. In the same man­ner as the ster­il­ity of hy­brids does not al­ways run par­al­lel with the dif­fi­culty of mak­ing the first cross between the two par­ent-spe­cies, so that ster­il­ity of cer­tain il­le­git­im­ate plants was un­usu­ally great, while the ster­il­ity of the uni­on from which they were de­rived was by no means great. With hy­brids raised from the same seed-cap­sule the de­gree of ster­il­ity is in­nately vari­able, so it is in a marked man­ner with il­le­git­im­ate plants. Lastly, many hy­brids are pro­fuse and per­sist­ent flower­ers, while oth­er and more sterile hy­brids pro­duce few flowers, and are weak, miser­able dwarfs; ex­actly sim­il­ar cases oc­cur with the il­le­git­im­ate off­spring of vari­ous di­morph­ic and tri­morph­ic plants.

				Al­to­geth­er there is the closest iden­tity in char­ac­ter and be­ha­viour between il­le­git­im­ate plants and hy­brids. It is hardly an ex­ag­ger­a­tion to main­tain that il­le­git­im­ate plants are hy­brids, pro­duced with­in the lim­its of the same spe­cies by the im­prop­er uni­on of cer­tain forms, while or­din­ary hy­brids are pro­duced from an im­prop­er uni­on between so-called dis­tinct spe­cies. We have also already seen that there is the closest sim­il­ar­ity in all re­spects between first il­le­git­im­ate uni­ons and first crosses between dis­tinct spe­cies. This will per­haps be made more fully ap­par­ent by an il­lus­tra­tion; we may sup­pose that a bot­an­ist found two well-marked vari­et­ies (and such oc­cur) of the long-styled form of the tri­morph­ic Ly­thrum sali­caria, and that he de­term­ined to try by cross­ing wheth­er they were spe­cific­ally dis­tinct. He would find that they yiel­ded only about one-fifth of the prop­er num­ber of seed, and that they be­haved in all the oth­er above spe­cified re­spects as if they had been two dis­tinct spe­cies. But to make the case sure, he would raise plants from his sup­posed hy­brid­ised seed, and he would find that the seed­lings were miser­ably dwarfed and ut­terly sterile, and that they be­haved in all oth­er re­spects like or­din­ary hy­brids. He might then main­tain that he had ac­tu­ally proved, in ac­cord­ance with the com­mon view, that his two vari­et­ies were as good and as dis­tinct spe­cies as any in the world; but he would be com­pletely mis­taken.

				The facts now giv­en on di­morph­ic and tri­morph­ic plants are im­port­ant, be­cause they show us, first, that the physiolo­gic­al test of lessened fer­til­ity, both in first crosses and in hy­brids, is no safe cri­terion of spe­cif­ic dis­tinc­tion; secondly, be­cause we may con­clude that there is some un­known bond which con­nects the in­fer­til­ity of il­le­git­im­ate uni­ons with that of their il­le­git­im­ate off­spring, and we are led to ex­tend the same view to first crosses and hy­brids; thirdly, be­cause we find, and this seems to me of es­pe­cial im­port­ance, that two or three forms of the same spe­cies may ex­ist and may dif­fer in no re­spect whatever, either in struc­ture or in con­sti­tu­tion, re­l­at­ively to ex­tern­al con­di­tions, and yet be sterile when united in cer­tain ways. For we must re­mem­ber that it is the uni­on of the sexu­al ele­ments of in­di­vidu­als of the same form, for in­stance, of two long-styled forms, which res­ults in ster­il­ity; while it is the uni­on of the sexu­al ele­ments prop­er to two dis­tinct forms which is fer­tile. Hence the case ap­pears at first sight ex­actly the re­verse of what oc­curs, in the or­din­ary uni­ons of the in­di­vidu­als of the same spe­cies and with crosses between dis­tinct spe­cies. It is, how­ever, doubt­ful wheth­er this is really so; but I will not en­large on this ob­scure sub­ject.

				We may, how­ever, in­fer as prob­able from the con­sid­er­a­tion of di­morph­ic and tri­morph­ic plants, that the ster­il­ity of dis­tinct spe­cies when crossed and of their hy­brid pro­geny, de­pends ex­clus­ively on the nature of their sexu­al ele­ments, and not on any dif­fer­ence in their struc­ture or gen­er­al con­sti­tu­tion. We are also led to this same con­clu­sion by con­sid­er­ing re­cip­roc­al crosses, in which the male of one spe­cies can­not be united, or can be united with great dif­fi­culty, with the fe­male of a second spe­cies, while the con­verse cross can be ef­fected with per­fect fa­cil­ity. That ex­cel­lent ob­serv­er, Gart­ner, like­wise con­cluded that spe­cies when crossed are sterile ow­ing to dif­fer­ences con­fined to their re­pro­duct­ive sys­tems.

			
			
				Fertility of Varieties When Crossed, and of Their Mongrel Offspring, Not Universal

				It may be urged as an over­whelm­ing ar­gu­ment that there must be some es­sen­tial dis­tinc­tion between spe­cies and vari­et­ies inas­much as the lat­ter, how­ever much they may dif­fer from each oth­er in ex­tern­al ap­pear­ance, cross with per­fect fa­cil­ity, and yield per­fectly fer­tile off­spring. With some ex­cep­tions, presently to be giv­en, I fully ad­mit that this is the rule. But the sub­ject is sur­roun­ded by dif­fi­culties, for, look­ing to vari­et­ies pro­duced un­der nature, if two forms hitherto re­puted to be vari­et­ies be found in any de­gree sterile to­geth­er, they are at once ranked by most nat­ur­al­ists as spe­cies. For in­stance, the blue and red pim­per­nel, which are con­sidered by most bot­an­ists as vari­et­ies, are said by Gart­ner to be quite sterile when crossed, and he con­sequently ranks them as un­doubted spe­cies. If we thus ar­gue in a circle, the fer­til­ity of all vari­et­ies pro­duced un­der nature will as­suredly have to be gran­ted.

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

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

				I have as yet spoken as if the vari­et­ies of the same spe­cies were in­vari­ably fer­tile when in­ter­crossed. But it is im­possible to res­ist the evid­ence of the ex­ist­ence of a cer­tain amount of ster­il­ity in the few fol­low­ing cases, which I will briefly ab­stract. The evid­ence is at least as good as that from which we be­lieve in the ster­il­ity of a mul­ti­tude of spe­cies. The evid­ence is also de­rived from hos­tile wit­nesses, who in all oth­er cases con­sider fer­til­ity and ster­il­ity as safe cri­terions of spe­cif­ic dis­tinc­tion. Gart­ner kept, dur­ing sev­er­al years, a dwarf kind of maize with yel­low seeds, and a tall vari­ety with red seeds grow­ing near each oth­er in his garden; and al­though these plants have sep­ar­ated sexes, they nev­er nat­ur­ally crossed. He then fer­til­ised thir­teen flowers of the one kind with pol­len of the oth­er; but only a single head pro­duced any seed, and this one head pro­duced only five grains. Ma­nip­u­la­tion in this case could not have been in­jur­i­ous, as the plants have sep­ar­ated sexes. No one, I be­lieve, has sus­pec­ted that these vari­et­ies of maize are dis­tinct spe­cies; and it is im­port­ant to no­tice that the hy­brid plants thus raised were them­selves per­fectly fer­tile; so that even Gart­ner did not ven­ture to con­sider the two vari­et­ies as spe­cific­ally dis­tinct.

				Girou de Buz­areingues crossed three vari­et­ies of gourd, which like the maize has sep­ar­ated sexes, and he as­serts that their mu­tu­al fer­til­isa­tion is by so much the less easy as their dif­fer­ences are great­er. How far these ex­per­i­ments may be trus­ted, I know not; but the forms ex­per­i­mented on are ranked by Sagaret, who mainly founds his clas­si­fic­a­tion by the test of in­fer­til­ity, as vari­et­ies, and Naud­in has come to the same con­clu­sion.

				The fol­low­ing case is far more re­mark­able, and seems at first in­cred­ible; but it is the res­ult of an as­ton­ish­ing num­ber of ex­per­i­ments made dur­ing many years on nine spe­cies of Verbas­cum, by so good an ob­serv­er and so hos­tile a wit­ness as Gart­ner: namely, that the yel­low and white vari­et­ies when crossed pro­duce less seed than the sim­il­arly col­oured vari­et­ies of the same spe­cies. Moreover, he as­serts that, when yel­low and white vari­et­ies of one spe­cies are crossed with yel­low and white vari­et­ies of a dis­tinct spe­cies, more seed is pro­duced by the crosses between the sim­il­arly col­oured flowers, than between those which are dif­fer­ently col­oured. Mr. Scott also has ex­per­i­mented on the spe­cies and vari­et­ies of Verbas­cum; and al­though un­able to con­firm Gart­ner’s res­ults on the cross­ing of the dis­tinct spe­cies, he finds that the dis­sim­il­arly col­oured vari­et­ies of the same spe­cies yield few­er seeds, in the pro­por­tion of eighty-six to 100, than the sim­il­arly col­oured vari­et­ies. Yet these vari­et­ies dif­fer in no re­spect, ex­cept in the col­our of their flowers; and one vari­ety can some­times be raised from the seed of an­oth­er.

				Kolreu­ter, whose ac­cur­acy has been con­firmed by every sub­sequent ob­serv­er, has proved the re­mark­able fact that one par­tic­u­lar vari­ety of the com­mon to­bacco was more fer­tile than the oth­er vari­et­ies, when crossed with a widely dis­tinct spe­cies. He ex­per­i­mented on five forms which are com­monly re­puted to be vari­et­ies, and which he tested by the severest tri­al, namely, by re­cip­roc­al crosses, and he found their mon­grel off­spring per­fectly fer­tile. But one of these five vari­et­ies, when used either as the fath­er or moth­er, and crossed with the Nico­tiana glu­tinosa, al­ways yiel­ded hy­brids not so sterile as those which were pro­duced from the four oth­er vari­et­ies when crossed with N. glu­tinosa. Hence the re­pro­duct­ive sys­tem of this one vari­ety must have been in some man­ner and in some de­gree mod­i­fied.

				From these facts it can no longer be main­tained that vari­et­ies when crossed are in­vari­ably quite fer­tile. From the great dif­fi­culty of as­cer­tain­ing the in­fer­til­ity of vari­et­ies in a state of nature, for a sup­posed vari­ety, if proved to be in­fer­tile in any de­gree, would al­most uni­ver­sally be ranked as a spe­cies; from man at­tend­ing only to ex­tern­al char­ac­ters in his do­mest­ic vari­et­ies, and from such vari­et­ies not hav­ing been ex­posed for very long peri­ods to uni­form con­di­tions of life; from these sev­er­al con­sid­er­a­tions we may con­clude that fer­til­ity does not con­sti­tute a fun­da­ment­al dis­tinc­tion between vari­et­ies and spe­cies when crossed. The gen­er­al ster­il­ity of crossed spe­cies may safely be looked at, not as a spe­cial ac­quire­ment or en­dow­ment, but as in­cid­ent­al on changes of an un­known nature in their sexu­al ele­ments.

			
			
				Hybrids and Mongrels Compared, Independently of Their Fertility

				In­de­pend­ently of the ques­tion of fer­til­ity, the off­spring of spe­cies and of vari­et­ies when crossed may be com­pared in sev­er­al oth­er re­spects. Gart­ner, whose strong wish it was to draw a dis­tinct line between spe­cies and vari­et­ies, could find very few, and, as it seems to me, quite un­im­port­ant dif­fer­ences between the so-called hy­brid off­spring of spe­cies, and the so-called mon­grel off­spring of vari­et­ies. And, on the oth­er hand, they agree most closely in many im­port­ant re­spects.

				I shall here dis­cuss this sub­ject with ex­treme brev­ity. The most im­port­ant dis­tinc­tion is, that in the first gen­er­a­tion mon­grels are more vari­able than hy­brids; but Gart­ner ad­mits that hy­brids from spe­cies which have long been cul­tiv­ated are of­ten vari­able in the first gen­er­a­tion; and I have my­self seen strik­ing in­stances of this fact. Gart­ner fur­ther ad­mits that hy­brids between very closely al­lied spe­cies are more vari­able than those from very dis­tinct spe­cies; and this shows that the dif­fer­ence in the de­gree of vari­ab­il­ity gradu­ates away. When mon­grels and the more fer­tile hy­brids are propag­ated for sev­er­al gen­er­a­tions, an ex­treme amount of vari­ab­il­ity in the off­spring in both cases is no­tori­ous; but some few in­stances of both hy­brids and mon­grels long re­tain­ing a uni­form char­ac­ter could be giv­en. The vari­ab­il­ity, how­ever, in the suc­cess­ive gen­er­a­tions of mon­grels is, per­haps, great­er than in hy­brids.

				This great­er vari­ab­il­ity in mon­grels than in hy­brids does not seem at all sur­pris­ing. For the par­ents of mon­grels are vari­et­ies, and mostly do­mest­ic vari­et­ies (very few ex­per­i­ments hav­ing been tried on nat­ur­al vari­et­ies), and this im­plies that there has been re­cent vari­ab­il­ity; which would of­ten con­tin­ue and would aug­ment that arising from the act of cross­ing. The slight vari­ab­il­ity of hy­brids in the first gen­er­a­tion, in con­trast with that in the suc­ceed­ing gen­er­a­tions, is a curi­ous fact and de­serves at­ten­tion. For it bears on the view which I have taken of one of the causes of or­din­ary vari­ab­il­ity; namely, that the re­pro­duct­ive sys­tem, from be­ing em­in­ently sens­it­ive to changed con­di­tions of life, fails un­der these cir­cum­stances to per­form its prop­er func­tion of pro­du­cing off­spring closely sim­il­ar in all re­spects to the par­ent-form. Now, hy­brids in the first gen­er­a­tion are des­cen­ded from spe­cies (ex­clud­ing those long cul­tiv­ated) which have not had their re­pro­duct­ive sys­tems in any way af­fected, and they are not vari­able; but hy­brids them­selves have their re­pro­duct­ive sys­tems ser­i­ously af­fected, and their des­cend­ants are highly vari­able.

				But to re­turn to our com­par­is­on of mon­grels and hy­brids: Gart­ner states that mon­grels are more li­able than hy­brids to re­vert to either par­ent form; but this, if it be true, is cer­tainly only a dif­fer­ence in de­gree. Moreover, Gart­ner ex­pressly states that the hy­brids from long cul­tiv­ated plants are more sub­ject to re­ver­sion than hy­brids from spe­cies in their nat­ur­al state; and this prob­ably ex­plains the sin­gu­lar dif­fer­ence in the res­ults ar­rived at by dif­fer­ent ob­serv­ers. Thus Max Wichura doubts wheth­er hy­brids ever re­vert to their par­ent forms, and he ex­per­i­mented on un­cul­tiv­ated spe­cies of wil­lows, while Naud­in, on the oth­er hand, in­sists in the strongest terms on the al­most uni­ver­sal tend­ency to re­ver­sion in hy­brids, and he ex­per­i­mented chiefly on cul­tiv­ated plants. Gart­ner fur­ther states that when any two spe­cies, al­though most closely al­lied to each oth­er, are crossed with a third spe­cies, the hy­brids are widely dif­fer­ent from each oth­er; where­as if two very dis­tinct vari­et­ies of one spe­cies are crossed with an­oth­er spe­cies, the hy­brids do not dif­fer much. But this con­clu­sion, as far as I can make out, is foun­ded on a single ex­per­i­ment; and seems dir­ectly op­posed to the res­ults of sev­er­al ex­per­i­ments made by Kolreu­ter.

				Such alone are the un­im­port­ant dif­fer­ences which Gart­ner is able to point out between hy­brid and mon­grel plants. On the oth­er hand, the de­grees and kinds of re­semb­lance in mon­grels and in hy­brids to their re­spect­ive par­ents, more es­pe­cially in hy­brids pro­duced from nearly re­lated spe­cies, fol­low, ac­cord­ing to Gart­ner the same laws. When two spe­cies are crossed, one has some­times a pre­po­tent power of im­press­ing its like­ness on the hy­brid. So I be­lieve it to be with vari­et­ies of plants; and with an­im­als, one vari­ety cer­tainly of­ten has this pre­po­tent power over an­oth­er vari­ety. Hy­brid plants pro­duced from a re­cip­roc­al cross gen­er­ally re­semble each oth­er closely, and so it is with mon­grel plants from a re­cip­roc­al cross. Both hy­brids and mon­grels can be re­duced to either pure par­ent form, by re­peated crosses in suc­cess­ive gen­er­a­tions with either par­ent.

				These sev­er­al re­marks are ap­par­ently ap­plic­able to an­im­als; but the sub­ject is here much com­plic­ated, partly ow­ing to the ex­ist­ence of sec­ond­ary sexu­al char­ac­ters; but more es­pe­cially ow­ing to pre­po­tency in trans­mit­ting like­ness run­ning more strongly in one sex than in the oth­er, both when one spe­cies is crossed with an­oth­er and when one vari­ety is crossed with an­oth­er vari­ety. For in­stance, I think those au­thors are right who main­tain that the ass has a pre­po­tent power over the horse, so that both the mule and the hinny re­semble more closely the ass than the horse; but that the pre­po­tency runs more strongly in the male than in the fe­male ass, so that the mule, which is an off­spring of the male ass and mare, is more like an ass than is the hinny, which is the off­spring of the fe­male-ass and stal­lion.

				Much stress has been laid by some au­thors on the sup­posed fact, that it is only with mon­grels that the off­spring are not in­ter­me­di­ate in char­ac­ter, but closely re­semble one of their par­ents; but this does some­times oc­cur with hy­brids, yet I grant much less fre­quently than with mon­grels. Look­ing to the cases which I have col­lec­ted of cross­bred an­im­als closely re­sem­bling one par­ent, the re­semb­lances seem chiefly con­fined to char­ac­ters al­most mon­strous in their nature, and which have sud­denly ap­peared—such as al­bin­ism, melan­ism, de­fi­ciency of tail or horns, or ad­di­tion­al fin­gers and toes; and do not re­late to char­ac­ters which have been slowly ac­quired through se­lec­tion. A tend­ency to sud­den re­ver­sions to the per­fect char­ac­ter of either par­ent would, also, be much more likely to oc­cur with mon­grels, which are des­cen­ded from vari­et­ies of­ten sud­denly pro­duced and semi-mon­strous in char­ac­ter, than with hy­brids, which are des­cen­ded from spe­cies slowly and nat­ur­ally pro­duced. On the whole, I en­tirely agree with Dr. Prosper Lu­cas, who, after ar­ran­ging an enorm­ous body of facts with re­spect to an­im­als, comes to the con­clu­sion that the laws of re­semb­lance of the child to its par­ents are the same, wheth­er the two par­ents dif­fer little or much from each oth­er, namely, in the uni­on of in­di­vidu­als of the same vari­ety, or of dif­fer­ent vari­et­ies, or of dis­tinct spe­cies.

				In­de­pend­ently of the ques­tion of fer­til­ity and ster­il­ity, in all oth­er re­spects there seems to be a gen­er­al and close sim­il­ar­ity in the off­spring of crossed spe­cies, and of crossed vari­et­ies. If we look at spe­cies as hav­ing been spe­cially cre­ated, and at vari­et­ies as hav­ing been pro­duced by sec­ond­ary laws, this sim­il­ar­ity would be an as­ton­ish­ing fact. But it har­mon­ises per­fectly with the view that there is no es­sen­tial dis­tinc­tion between spe­cies and vari­et­ies.

			
			
				Summary of Chapter

				First crosses between forms, suf­fi­ciently dis­tinct to be ranked as spe­cies, and their hy­brids, are very gen­er­ally, but not uni­ver­sally, sterile. The ster­il­ity is of all de­grees, and is of­ten so slight that the most care­ful ex­per­i­ment­al­ists have ar­rived at dia­met­ric­ally op­pos­ite con­clu­sions in rank­ing forms by this test. The ster­il­ity is in­nately vari­able in in­di­vidu­als of the same spe­cies, and is em­in­ently sus­cept­ible to ac­tion of fa­vour­able and un­fa­vour­able con­di­tions. The de­gree of ster­il­ity does not strictly fol­low sys­tem­at­ic af­fin­ity, but is gov­erned by sev­er­al curi­ous and com­plex laws. It is gen­er­ally dif­fer­ent, and some­times widely dif­fer­ent in re­cip­roc­al crosses between the same two spe­cies. It is not al­ways equal in de­gree in a first cross and in the hy­brids pro­duced from this cross.

				In the same man­ner as in graft­ing trees, the ca­pa­city in one spe­cies or vari­ety to take on an­oth­er, is in­cid­ent­al on dif­fer­ences, gen­er­ally of an un­known nature, in their ve­get­at­ive sys­tems, so in cross­ing, the great­er or less fa­cil­ity of one spe­cies to unite with an­oth­er is in­cid­ent­al on un­known dif­fer­ences in their re­pro­duct­ive sys­tems. There is no more reas­on to think that spe­cies have been spe­cially en­dowed with vari­ous de­grees of ster­il­ity to pre­vent their cross­ing and blend­ing in nature, than to think that trees have been spe­cially en­dowed with vari­ous and some­what ana­log­ous de­grees of dif­fi­culty in be­ing graf­ted to­geth­er in or­der to pre­vent their in­arch­ing in our forests.

				The ster­il­ity of first crosses and of their hy­brid pro­geny has not been ac­quired through nat­ur­al se­lec­tion. In the case of first crosses it seems to de­pend on sev­er­al cir­cum­stances; in some in­stances in chief part on the early death of the em­bryo. In the case of hy­brids, it ap­par­ently de­pends on their whole or­gan­isa­tion hav­ing been dis­turbed by be­ing com­poun­ded from two dis­tinct forms; the ster­il­ity be­ing closely al­lied to that which so fre­quently af­fects pure spe­cies, when ex­posed to new and un­nat­ur­al con­di­tions of life. He who will ex­plain these lat­ter cases will be able to ex­plain the ster­il­ity of hy­brids. This view is strongly sup­por­ted by a par­al­lel­ism of an­oth­er kind: namely, that, firstly, slight changes in the con­di­tions of life add to the vigour and fer­til­ity of all or­gan­ic be­ings; and secondly, that the cross­ing of forms, which have been ex­posed to slightly dif­fer­ent con­di­tions of life, or which have var­ied, fa­vours the size, vigour and fer­til­ity of their off­spring. The facts giv­en on the ster­il­ity of the il­le­git­im­ate uni­ons of di­morph­ic and tri­morph­ic plants and of their il­le­git­im­ate pro­geny, per­haps render it prob­able that some un­known bond in all cases con­nects the de­gree of fer­til­ity of first uni­ons with that of their off­spring. The con­sid­er­a­tion of these facts on di­morph­ism, as well as of the res­ults of re­cip­roc­al crosses, clearly leads to the con­clu­sion that the primary cause of the ster­il­ity of crossed spe­cies is con­fined to dif­fer­ences in their sexu­al ele­ments. But why, in the case of dis­tinct spe­cies, the sexu­al ele­ments should so gen­er­ally have be­come more or less mod­i­fied, lead­ing to their mu­tu­al in­fer­til­ity, we do not know; but it seems to stand in some close re­la­tion to spe­cies hav­ing been ex­posed for long peri­ods of time to nearly uni­form con­di­tions of life.

				It is not sur­pris­ing that the dif­fi­culty in cross­ing any two spe­cies, and the ster­il­ity of their hy­brid off­spring, should in most cases cor­res­pond, even if due to dis­tinct causes: for both de­pend on the amount of dif­fer­ence between the spe­cies which are crossed. Nor is it sur­pris­ing that the fa­cil­ity of ef­fect­ing a first cross, and the fer­til­ity of the hy­brids thus pro­duced, and the ca­pa­city of be­ing graf­ted to­geth­er—though this lat­ter ca­pa­city evid­ently de­pends on widely dif­fer­ent cir­cum­stances—should all run, to a cer­tain ex­tent, par­al­lel with the sys­tem­at­ic af­fin­ity of the forms sub­jec­ted to ex­per­i­ment; for sys­tem­at­ic af­fin­ity in­cludes re­semb­lances of all kinds.

				First crosses between forms known to be vari­et­ies, or suf­fi­ciently alike to be con­sidered as vari­et­ies, and their mon­grel off­spring, are very gen­er­ally, but not, as is so of­ten stated, in­vari­ably fer­tile. Nor is this al­most uni­ver­sal and per­fect fer­til­ity sur­pris­ing, when it is re­membered how li­able we are to ar­gue in a circle with re­spect to vari­et­ies in a state of nature; and when we re­mem­ber that the great­er num­ber of vari­et­ies have been pro­duced un­der do­mest­ic­a­tion by the se­lec­tion of mere ex­tern­al dif­fer­ences, and that they have not been long ex­posed to uni­form con­di­tions of life. It should also be es­pe­cially kept in mind, that long-con­tin­ued do­mest­ic­a­tion tends to elim­in­ate ster­il­ity, and is there­fore little likely to in­duce this same qual­ity. In­de­pend­ently of the ques­tion of fer­til­ity, in all oth­er re­spects there is the closest gen­er­al re­semb­lance between hy­brids and mon­grels, in their vari­ab­il­ity, in their power of ab­sorb­ing each oth­er by re­peated crosses, and in their in­her­it­ance of char­ac­ters from both par­ent-forms. Fi­nally, then, al­though we are as ig­nor­ant of the pre­cise cause of the ster­il­ity of first crosses and of hy­brids as we are why an­im­als and plants re­moved from their nat­ur­al con­di­tions be­come sterile, yet the facts giv­en in this chapter do not seem to me op­posed to the be­lief that spe­cies ab­ori­gin­ally ex­is­ted as vari­et­ies.
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				On the Im­per­fec­tion of the Geo­lo­gic­al Re­cord

			
			In the sixth chapter I enu­mer­ated the chief ob­jec­tions which might be justly urged against the views main­tained in this volume. Most of them have now been dis­cussed. One, namely, the dis­tinct­ness of spe­cif­ic forms and their not be­ing blen­ded to­geth­er by in­nu­mer­able trans­ition­al links, is a very ob­vi­ous dif­fi­culty. I as­signed reas­ons why such links do not com­monly oc­cur at the present day un­der the cir­cum­stances ap­par­ently most fa­vour­able for their pres­ence, namely, on an ex­tens­ive and con­tinu­ous area with gradu­ated phys­ic­al con­di­tions. I en­deav­oured to show, that the life of each spe­cies de­pends in a more im­port­ant man­ner on the pres­ence of oth­er already defined or­gan­ic forms, than on cli­mate, and, there­fore, that the really gov­ern­ing con­di­tions of life do not gradu­ate away quite in­sens­ibly like heat or mois­ture. I en­deav­oured, also, to show that in­ter­me­di­ate vari­et­ies, from ex­ist­ing in less­er num­bers than the forms which they con­nect, will gen­er­ally be beaten out and ex­term­in­ated dur­ing the course of fur­ther modi­fic­a­tion and im­prove­ment. The main cause, how­ever, of in­nu­mer­able in­ter­me­di­ate links not now oc­cur­ring every­where through­out nature de­pends, on the very pro­cess of nat­ur­al se­lec­tion, through which new vari­et­ies con­tinu­ally take the places of and sup­plant their par­ent-forms. But just in pro­por­tion as this pro­cess of ex­term­in­a­tion has ac­ted on an enorm­ous scale, so must the num­ber of in­ter­me­di­ate vari­et­ies, which have formerly ex­is­ted, be truly enorm­ous. Why then is not every geo­lo­gic­al form­a­tion and every strat­um full of such in­ter­me­di­ate links? Geo­logy as­suredly does not re­veal any such finely gradu­ated or­gan­ic chain; and this, per­haps, is the most ob­vi­ous and ser­i­ous ob­jec­tion which can be urged against my the­ory. The ex­plan­a­tion lies, as I be­lieve, in the ex­treme im­per­fec­tion of the geo­lo­gic­al re­cord.

			In the first place, it should al­ways be borne in mind what sort of in­ter­me­di­ate forms must, on the the­ory, have formerly ex­is­ted. I have found it dif­fi­cult, when look­ing at any two spe­cies, to avoid pic­tur­ing to my­self forms dir­ectly in­ter­me­di­ate between them. But this is a wholly false view; we should al­ways look for forms in­ter­me­di­ate between each spe­cies and a com­mon but un­known pro­gen­it­or; and the pro­gen­it­or will gen­er­ally have differed in some re­spects from all its mod­i­fied des­cend­ants. To give a simple il­lus­tra­tion: the fan­tail and pout­er pi­geons are both des­cen­ded from the rock-pi­geon; if we pos­sessed all the in­ter­me­di­ate vari­et­ies which have ever ex­is­ted, we should have an ex­tremely close series between both and the rock-pi­geon; but we should have no vari­et­ies dir­ectly in­ter­me­di­ate between the fan­tail and pout­er; none, for in­stance, com­bin­ing a tail some­what ex­pan­ded with a crop some­what en­larged, the char­ac­ter­ist­ic fea­tures of these two breeds. These two breeds, moreover, have be­come so much mod­i­fied, that, if we had no his­tor­ic­al or in­dir­ect evid­ence re­gard­ing their ori­gin, it would not have been pos­sible to have de­term­ined from a mere com­par­is­on of their struc­ture with that of the rock-pi­geon, C. livia, wheth­er they had des­cen­ded from this spe­cies or from some oth­er al­lied spe­cies, such as C. oen­as.

			So with nat­ur­al spe­cies, if we look to forms very dis­tinct, for in­stance to the horse and ta­pir, we have no reas­on to sup­pose that links dir­ectly in­ter­me­di­ate between them ever ex­is­ted, but between each and an un­known com­mon par­ent. The com­mon par­ent will have had in its whole or­gan­isa­tion much gen­er­al re­semb­lance to the ta­pir and to the horse; but in some points of struc­ture may have differed con­sid­er­ably from both, even per­haps more than they dif­fer from each oth­er. Hence, in all such cases, we should be un­able to re­cog­nise the par­ent-form of any two or more spe­cies, even if we closely com­pared the struc­ture of the par­ent with that of its mod­i­fied des­cend­ants, un­less at the same time we had a nearly per­fect chain of the in­ter­me­di­ate links.

			It is just pos­sible, by the the­ory, that one of two liv­ing forms might have des­cen­ded from the oth­er; for in­stance, a horse from a ta­pir; and in this case dir­ect in­ter­me­di­ate links will have ex­is­ted between them. But such a case would im­ply that one form had re­mained for a very long peri­od un­altered, whilst its des­cend­ants had un­der­gone a vast amount of change; and the prin­ciple of com­pet­i­tion between or­gan­ism and or­gan­ism, between child and par­ent, will render this a very rare event; for in all cases the new and im­proved forms of life tend to sup­plant the old and un­im­proved forms.

			By the the­ory of nat­ur­al se­lec­tion all liv­ing spe­cies have been con­nec­ted with the par­ent-spe­cies of each genus, by dif­fer­ences not great­er than we see between the nat­ur­al and do­mest­ic vari­et­ies of the same spe­cies at the present day; and these par­ent-spe­cies, now gen­er­ally ex­tinct, have in their turn been sim­il­arly con­nec­ted with more an­cient forms; and so on back­wards, al­ways con­ver­ging to the com­mon an­cest­or of each great class. So that the num­ber of in­ter­me­di­ate and trans­ition­al links, between all liv­ing and ex­tinct spe­cies, must have been in­con­ceiv­ably great. But as­suredly, if this the­ory be true, such have lived upon the earth.

			
				On the Lapse of Time, as Inferred from the Rate of Deposition and Extent of Denudation

				In­de­pend­ently of our not find­ing fossil re­mains of such in­fin­itely nu­mer­ous con­nect­ing links, it may be ob­jec­ted that time can­not have suf­ficed for so great an amount of or­gan­ic change, all changes hav­ing been ef­fected slowly. It is hardly pos­sible for me to re­call to the read­er who is not a prac­tic­al geo­lo­gist, the facts lead­ing the mind feebly to com­pre­hend the lapse of time. He who can read Sir Charles Lyell’s grand work on the Prin­ciples of Geo­logy, which the fu­ture his­tor­i­an will re­cog­nise as hav­ing pro­duced a re­volu­tion in nat­ur­al sci­ence, and yet does not ad­mit how vast have been the past peri­ods of time, may at once close this volume. Not that it suf­fices to study the Prin­ciples of Geo­logy, or to read spe­cial treat­ises by dif­fer­ent ob­serv­ers on sep­ar­ate form­a­tions, and to mark how each au­thor at­tempts to give an in­ad­equate idea of the dur­a­tion of each form­a­tion, or even of each strat­um. We can best gain some idea of past time by know­ing the agen­cies at work; and learn­ing how deeply the sur­face of the land has been de­nuded, and how much sed­i­ment has been de­pos­ited. As Lyell has well re­marked, the ex­tent and thick­ness of our sed­i­ment­ary form­a­tions are the res­ult and the meas­ure of the de­nud­a­tion which the earth’s crust has else­where un­der­gone. There­fore a man should ex­am­ine for him­self the great piles of su­per­im­posed strata, and watch the rivu­lets bring­ing down mud, and the waves wear­ing away the sea-cliffs, in or­der to com­pre­hend some­thing about the dur­a­tion of past time, the monu­ments of which we see all around us.

				It is good to wander along the coast, when formed of mod­er­ately hard rocks, and mark the pro­cess of de­grad­a­tion. The tides in most cases reach the cliffs only for a short time twice a day, and the waves eat in­to them only when they are charged with sand or pebbles; for there is good evid­ence that pure wa­ter ef­fects noth­ing in wear­ing away rock. At last the base of the cliff is un­der­mined, huge frag­ments fall down, and these re­main­ing fixed, have to be worn away atom by atom, un­til after be­ing re­duced in size they can be rolled about by the waves, and then they are more quickly ground in­to pebbles, sand, or mud. But how of­ten do we see along the bases of re­treat­ing cliffs roun­ded boulders, all thickly clothed by mar­ine pro­duc­tions, show­ing how little they are ab­raded and how sel­dom they are rolled about! Moreover, if we fol­low for a few miles any line of rocky cliff, which is un­der­go­ing de­grad­a­tion, we find that it is only here and there, along a short length or round a promon­tory, that the cliffs are at the present time suf­fer­ing. The ap­pear­ance of the sur­face and the ve­get­a­tion show that else­where years have elapsed since the wa­ters washed their base.

				We have, how­ever, re­cently learned from the ob­ser­va­tions of Ram­say, in the van of many ex­cel­lent ob­serv­ers—of Jukes, Geikie, Croll and oth­ers, that sub­aeri­al de­grad­a­tion is a much more im­port­ant agency than coast-ac­tion, or the power of the waves. The whole sur­face of the land is ex­posed to the chem­ic­al ac­tion of the air and of the rain­wa­ter, with its dis­solved car­bon­ic acid, and in colder coun­tries to frost; the dis­in­teg­rated mat­ter is car­ried down even gentle slopes dur­ing heavy rain, and to a great­er ex­tent than might be sup­posed, es­pe­cially in ar­id dis­tricts, by the wind; it is then trans­por­ted by the streams and rivers, which, when rap­id deep­en their chan­nels, and trit­ur­ate the frag­ments. On a rainy day, even in a gently un­du­lat­ing coun­try, we see the ef­fects of sub­aeri­al de­grad­a­tion in the muddy rills which flow down every slope. Messrs. Ram­say and Whi­taker have shown, and the ob­ser­va­tion is a most strik­ing one, that the great lines of es­carp­ment in the Wealden dis­trict and those ran­ging across Eng­land, which formerly were looked at as an­cient sea­coasts, can­not have been thus formed, for each line is com­posed of one and the same form­a­tion, while our sea-cliffs are every­where formed by the in­ter­sec­tion of vari­ous form­a­tions. This be­ing the case, we are com­pelled to ad­mit that the es­carp­ments owe their ori­gin in chief part to the rocks of which they are com­posed, hav­ing res­isted sub­aeri­al de­nud­a­tion bet­ter than the sur­round­ing sur­face; this sur­face con­sequently has been gradu­ally lowered, with the lines of harder rock left pro­ject­ing. Noth­ing im­presses the mind with the vast dur­a­tion of time, ac­cord­ing to our ideas of time, more for­cibly than the con­vic­tion thus gained that sub­aeri­al agen­cies, which ap­par­ently have so little power, and which seem to work so slowly, have pro­duced great res­ults.

				When thus im­pressed with the slow rate at which the land is worn away through sub­aeri­al and lit­tor­al ac­tion, it is good, in or­der to ap­pre­ci­ate the past dur­a­tion of time, to con­sider, on the one hand, the masses of rock which have been re­moved over many ex­tens­ive areas, and on the oth­er hand the thick­ness of our sed­i­ment­ary form­a­tions. I re­mem­ber hav­ing been much struck when view­ing vol­can­ic is­lands, which have been worn by the waves and pared all round in­to per­pen­dic­u­lar cliffs of one or two thou­sand feet in height; for the gentle slope of the lava-streams, due to their formerly li­quid state, showed at a glance how far the hard, rocky beds had once ex­ten­ded in­to the open ocean. The same story is told still more plainly by faults—those great cracks along which the strata have been up­heaved on one side, or thrown down on the oth­er, to the height or depth of thou­sands of feet; for since the crust cracked, and it makes no great dif­fer­ence wheth­er the up­heav­al was sud­den, or, as most geo­lo­gists now be­lieve, was slow and ef­fected by many starts, the sur­face of the land has been so com­pletely planed down that no trace of these vast dis­lo­ca­tions is ex­tern­ally vis­ible. The Craven fault, for in­stance, ex­tends for up­ward of thirty miles, and along this line the ver­tic­al dis­place­ment of the strata var­ies from 600 to 3,000 feet. Pro­fess­or Ram­say has pub­lished an ac­count of a down­throw in Angle­sea of 2,300 feet; and he in­forms me that he fully be­lieves that there is one in Me­rion­eth­shire of 12,000 feet; yet in these cases there is noth­ing on the sur­face of the land to show such prodi­gious move­ments; the pile of rocks on either side of the crack hav­ing been smoothly swept away.

				On the oth­er hand, in all parts of the world the piles of sed­i­ment­ary strata are of won­der­ful thick­ness. In the Cor­dillera, I es­tim­ated one mass of con­glom­er­ate at ten thou­sand feet; and al­though con­glom­er­ates have prob­ably been ac­cu­mu­lated at a quick­er rate than finer sed­i­ments, yet from be­ing formed of worn and roun­ded pebbles, each of which bears the stamp of time, they are good to show how slowly the mass must have been heaped to­geth­er. Pro­fess­or Ram­say has giv­en me the max­im­um thick­ness, from ac­tu­al meas­ure­ment in most cases, of the suc­cess­ive form­a­tions in dif­fer­ent parts of Great Bri­tain; and this is the res­ult:—
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				—mak­ing al­to­geth­er 72,584 feet; that is, very nearly thir­teen and three-quar­ters Brit­ish miles. Some of these form­a­tions, which are rep­res­en­ted in Eng­land by thin beds, are thou­sands of feet in thick­ness on the Con­tin­ent. Moreover, between each suc­cess­ive form­a­tion we have, in the opin­ion of most geo­lo­gists, blank peri­ods of enorm­ous length. So that the lofty pile of sed­i­ment­ary rocks in Bri­tain gives but an in­ad­equate idea of the time which has elapsed dur­ing their ac­cu­mu­la­tion. The con­sid­er­a­tion of these vari­ous facts im­presses the mind al­most in the same man­ner as does the vain en­deav­our to grapple with the idea of etern­ity.

				Nev­er­the­less this im­pres­sion is partly false. Mr. Croll, in an in­ter­est­ing pa­per, re­marks that we do not err “in form­ing too great a con­cep­tion of the length of geo­lo­gic­al peri­ods,” but in es­tim­at­ing them by years. When geo­lo­gists look at large and com­plic­ated phe­nom­ena, and then at the fig­ures rep­res­ent­ing sev­er­al mil­lion years, the two pro­duce a totally dif­fer­ent ef­fect on the mind, and the fig­ures are at once pro­nounced too small. In re­gard to sub­aeri­al de­nud­a­tion, Mr. Croll shows, by cal­cu­lat­ing the known amount of sed­i­ment an­nu­ally brought down by cer­tain rivers, re­l­at­ively to their areas of drain­age, that 1,000 feet of sol­id rock, as it be­came gradu­ally dis­in­teg­rated, would thus be re­moved from the mean level of the whole area in the course of six mil­lion years. This seems an as­ton­ish­ing res­ult, and some con­sid­er­a­tions lead to the sus­pi­cion that it may be too large, but if halved or quartered it is still very sur­pris­ing. Few of us, how­ever, know what a mil­lion really means: Mr. Croll gives the fol­low­ing il­lus­tra­tion: Take a nar­row strip of pa­per, eighty-three feet four inches in length, and stretch it along the wall of a large hall; then mark off at one end the tenth of an inch. This tenth of an inch will rep­res­ent one hun­dred years, and the en­tire strip a mil­lion years. But let it be borne in mind, in re­la­tion to the sub­ject of this work, what a hun­dred years im­plies, rep­res­en­ted as it is by a meas­ure ut­terly in­sig­ni­fic­ant in a hall of the above di­men­sions. Sev­er­al em­in­ent breed­ers, dur­ing a single life­time, have so largely mod­i­fied some of the high­er an­im­als, which propag­ate their kind much more slowly than most of the lower an­im­als, that they have formed what well de­serves to be called a new sub-breed. Few men have at­ten­ded with due care to any one strain for more than half a cen­tury, so that a hun­dred years rep­res­ents the work of two breed­ers in suc­ces­sion. It is not to be sup­posed that spe­cies in a state of nature ever change so quickly as do­mest­ic an­im­als un­der the guid­ance of meth­od­ic­al se­lec­tion. The com­par­is­on would be in every way fairer with the ef­fects which fol­low from un­con­scious se­lec­tion, that is, the pre­ser­va­tion of the most use­ful or beau­ti­ful an­im­als, with no in­ten­tion of modi­fy­ing the breed; but by this pro­cess of un­con­scious se­lec­tion, vari­ous breeds have been sens­ibly changed in the course of two or three cen­tur­ies.

				Spe­cies, how­ever, prob­ably change much more slowly, and with­in the same coun­try only a few change at the same time. This slow­ness fol­lows from all the in­hab­it­ants of the same coun­try be­ing already so well ad­ap­ted to each oth­er, that new places in the polity of nature do not oc­cur un­til after long in­ter­vals, due to the oc­cur­rence of phys­ic­al changes of some kind, or through the im­mig­ra­tion of new forms. Moreover, vari­ations or in­di­vidu­al dif­fer­ences of the right nature, by which some of the in­hab­it­ants might be bet­ter fit­ted to their new places un­der the altered cir­cum­stance, would not al­ways oc­cur at once. Un­for­tu­nately we have no means of de­term­in­ing, ac­cord­ing to the stand­ard of years, how long a peri­od it takes to modi­fy a spe­cies; but to the sub­ject of time we must re­turn.

			
			
				On the Poorness of Palaeontological Collections

				Now let us turn to our richest mu­seums, and what a paltry dis­play we be­hold! That our col­lec­tions are im­per­fect is ad­mit­ted by every­one. The re­mark of that ad­mir­able pa­lae­on­to­lo­gist, Ed­ward For­bes, should nev­er be for­got­ten, namely, that very many fossil spe­cies are known and named from single and of­ten broken spe­ci­mens, or from a few spe­ci­mens col­lec­ted on some one spot. Only a small por­tion of the sur­face of the earth has been geo­lo­gic­ally ex­plored, and no part with suf­fi­cient care, as the im­port­ant dis­cov­er­ies made every year in Europe prove. No or­gan­ism wholly soft can be pre­served. Shells and bones de­cay and dis­ap­pear when left on the bot­tom of the sea, where sed­i­ment is not ac­cu­mu­lat­ing. We prob­ably take a quite er­ro­neous view, when we as­sume that sed­i­ment is be­ing de­pos­ited over nearly the whole bed of the sea, at a rate suf­fi­ciently quick to em­bed and pre­serve fossil re­mains. Through­out an enorm­ously large pro­por­tion of the ocean, the bright blue tint of the wa­ter be­speaks its pur­ity. The many cases on re­cord of a form­a­tion con­form­ably covered, after an im­mense in­ter­val of time, by an­oth­er and later form­a­tion, without the un­der­ly­ing bed hav­ing suffered in the in­ter­val any wear and tear, seem ex­plic­able only on the view of the bot­tom of the sea not rarely ly­ing for ages in an un­altered con­di­tion. The re­mains which do be­come em­bed­ded, if in sand or gravel, will, when the beds are up­raised, gen­er­ally be dis­solved by the per­col­a­tion of rain wa­ter charged with car­bon­ic acid. Some of the many kinds of an­im­als which live on the beach between high and low wa­ter mark seem to be rarely pre­served. For in­stance, the sev­er­al spe­cies of the Chthamal­inae (a sub­fam­ily of sessile cir­ri­pedes) coat the rocks all over the world in in­fin­ite num­bers: they are all strictly lit­tor­al, with the ex­cep­tion of a single Medi­ter­ranean spe­cies, which in­hab­its deep wa­ter and this has been found fossil in Si­cily, where­as not one oth­er spe­cies has hitherto been found in any ter­tiary form­a­tion: yet it is known that the genus Chthamalus ex­is­ted dur­ing the Chalk peri­od. Lastly, many great de­pos­its, re­quir­ing a vast length of time for their ac­cu­mu­la­tion, are en­tirely des­ti­tute of or­gan­ic re­mains, without our be­ing able to as­sign any reas­on: one of the most strik­ing in­stances is that of the Fly­sch form­a­tion, which con­sists of shale and sand­stone, sev­er­al thou­sand, oc­ca­sion­ally even six thou­sand feet in thick­ness, and ex­tend­ing for at least 300 miles from Vi­enna to Switzer­land; and al­though this great mass has been most care­fully searched, no fossils, ex­cept a few ve­get­able re­mains, have been found.

				With re­spect to the ter­restri­al pro­duc­tions which lived dur­ing the Sec­ond­ary and Pa­laeo­zo­ic peri­ods, it is su­per­flu­ous to state that our evid­ence is frag­ment­ary in an ex­treme de­gree. For in­stance, un­til re­cently not a land-shell was known be­long­ing to either of these vast peri­ods, with the ex­cep­tion of one spe­cies dis­covered by Sir C. Lyell and Dr. Dawson in the car­bon­ifer­ous strata of North Amer­ica; but now land-shells have been found in the li­as. In re­gard to mam­mi­fer­ous re­mains, a glance at the his­tor­ic­al table pub­lished in Lyell’s Manu­al, will bring home the truth, how ac­ci­dent­al and rare is their pre­ser­va­tion, far bet­ter than pages of de­tail. Nor is their rar­ity sur­pris­ing, when we re­mem­ber how large a pro­por­tion of the bones of ter­tiary mam­mals have been dis­covered either in caves or in la­cus­trine de­pos­its; and that not a cave or true la­cus­trine bed is known be­long­ing to the age of our sec­ond­ary or pa­laeo­zo­ic form­a­tions.

				But the im­per­fec­tion in the geo­lo­gic­al re­cord largely res­ults from an­oth­er and more im­port­ant cause than any of the fore­go­ing; namely, from the sev­er­al form­a­tions be­ing sep­ar­ated from each oth­er by wide in­ter­vals of time. This doc­trine has been em­phat­ic­ally ad­mit­ted by many geo­lo­gists and pa­lae­on­to­lo­gists, who, like E. For­bes, en­tirely dis­be­lieve in the change of spe­cies. When we see the form­a­tions tab­u­lated in writ­ten works, or when we fol­low them in nature, it is dif­fi­cult to avoid be­liev­ing that they are closely con­sec­ut­ive. But we know, for in­stance, from Sir R. Murch­is­on’s great work on Rus­sia, what wide gaps there are in that coun­try between the su­per­im­posed form­a­tions; so it is in North Amer­ica, and in many oth­er parts of the world. The most skil­ful geo­lo­gist, if his at­ten­tion had been con­fined ex­clus­ively to these large ter­rit­or­ies, would nev­er have sus­pec­ted that dur­ing the peri­ods which were blank and bar­ren in his own coun­try, great piles of sed­i­ment, charged with new and pe­cu­li­ar forms of life, had else­where been ac­cu­mu­lated. And if, in every sep­ar­ate ter­rit­ory, hardly any idea can be formed of the length of time which has elapsed between the con­sec­ut­ive form­a­tions, we may in­fer that this could nowhere be as­cer­tained. The fre­quent and great changes in the min­er­alo­gic­al com­pos­i­tion of con­sec­ut­ive form­a­tions, gen­er­ally im­ply­ing great changes in the geo­graphy of the sur­round­ing lands, whence the sed­i­ment was de­rived, ac­cord with the be­lief of vast in­ter­vals of time hav­ing elapsed between each form­a­tion.

				We can, I think, see why the geo­lo­gic­al form­a­tions of each re­gion are al­most in­vari­ably in­ter­mit­tent; that is, have not fol­lowed each oth­er in close se­quence. Scarcely any fact struck me more when ex­amin­ing many hun­dred miles of the South Amer­ic­an coasts, which have been up­raised sev­er­al hun­dred feet with­in the re­cent peri­od, than the ab­sence of any re­cent de­pos­its suf­fi­ciently ex­tens­ive to last for even a short geo­lo­gic­al peri­od. Along the whole west coast, which is in­hab­ited by a pe­cu­li­ar mar­ine fauna, ter­tiary beds are so poorly de­veloped that no re­cord of sev­er­al suc­cess­ive and pe­cu­li­ar mar­ine faunas will prob­ably be pre­served to a dis­tant age. A little re­flec­tion will ex­plain why, along the rising coast of the west­ern side of South Amer­ica, no ex­tens­ive form­a­tions with re­cent or ter­tiary re­mains can any­where be found, though the sup­ply of sed­i­ment must for ages have been great, from the enorm­ous de­grad­a­tion of the coast rocks and from the muddy streams en­ter­ing the sea. The ex­plan­a­tion, no doubt, is that the lit­tor­al and sub­lit­tor­al de­pos­its are con­tinu­ally worn away, as soon as they are brought up by the slow and gradu­al rising of the land with­in the grind­ing ac­tion of the coast-waves.

				We may, I think, con­clude that sed­i­ment must be ac­cu­mu­lated in ex­tremely thick, sol­id, or ex­tens­ive masses, in or­der to with­stand the in­cess­ant ac­tion of the waves, when first up­raised and dur­ing sub­sequent os­cil­la­tions of level, as well as the sub­sequent sub­aeri­al de­grad­a­tion. Such thick and ex­tens­ive ac­cu­mu­la­tions of sed­i­ment may be formed in two ways; either in pro­found depths of the sea, in which case the bot­tom will not be in­hab­ited by so many and such var­ied forms of life as the more shal­low seas; and the mass when up­raised will give an im­per­fect re­cord of the or­gan­isms which ex­is­ted in the neigh­bour­hood dur­ing the peri­od of its ac­cu­mu­la­tion. Or sed­i­ment may be de­pos­ited to any thick­ness and ex­tent over a shal­low bot­tom, if it con­tin­ue slowly to sub­side. In this lat­ter case, as long as the rate of sub­sid­ence and sup­ply of sed­i­ment nearly bal­ance each oth­er, the sea will re­main shal­low and fa­vour­able for many and var­ied forms, and thus a rich fos­silifer­ous form­a­tion, thick enough, when up­raised, to res­ist a large amount of de­nud­a­tion, may be formed.

				I am con­vinced that nearly all our an­cient form­a­tions, which are through­out the great­er part of their thick­ness rich in fossils, have thus been formed dur­ing sub­sid­ence. Since pub­lish­ing my views on this sub­ject in 1845, I have watched the pro­gress of geo­logy, and have been sur­prised to note how au­thor after au­thor, in treat­ing of this or that great form­a­tion, has come to the con­clu­sion that it was ac­cu­mu­lated dur­ing sub­sid­ence. I may add, that the only an­cient ter­tiary form­a­tion on the west coast of South Amer­ica, which has been bulky enough to res­ist such de­grad­a­tion as it has as yet suffered, but which will hardly last to a dis­tant geo­lo­gic­al age, was de­pos­ited dur­ing a down­ward os­cil­la­tion of level, and thus gained con­sid­er­able thick­ness.

				All geo­lo­gic­al facts tell us plainly that each area has un­der­gone nu­mer­ous slow os­cil­la­tions of level, and ap­par­ently these os­cil­la­tions have af­fected wide spaces. Con­sequently, form­a­tions rich in fossils and suf­fi­ciently thick and ex­tens­ive to res­ist sub­sequent de­grad­a­tion, will have been formed over wide spaces dur­ing peri­ods of sub­sid­ence, but only where the sup­ply of sed­i­ment was suf­fi­cient to keep the sea shal­low and to em­bed and pre­serve the re­mains be­fore they had time to de­cay. On the oth­er hand, as long as the bed of the sea re­mained sta­tion­ary, thick de­pos­its can­not have been ac­cu­mu­lated in the shal­low parts, which are the most fa­vour­able to life. Still less can this have happened dur­ing the al­tern­ate peri­ods of el­ev­a­tion; or, to speak more ac­cur­ately, the beds which were then ac­cu­mu­lated will gen­er­ally have been des­troyed by be­ing up­raised and brought with­in the lim­its of the coast-ac­tion.

				These re­marks ap­ply chiefly to lit­tor­al and sub­lit­tor­al de­pos­its. In the case of an ex­tens­ive and shal­low sea, such as that with­in a large part of the Malay Ar­chipelago, where the depth var­ies from thirty or forty to sixty fathoms, a widely ex­ten­ded form­a­tion might be formed dur­ing a peri­od of el­ev­a­tion, and yet not suf­fer ex­cess­ively from de­nud­a­tion dur­ing its slow up­heav­al; but the thick­ness of the form­a­tion could not be great, for ow­ing to the el­ev­at­ory move­ment it would be less than the depth in which it was formed; nor would the de­pos­it be much con­sol­id­ated, nor be capped by overly­ing form­a­tions, so that it would run a good chance of be­ing worn away by at­mo­spher­ic de­grad­a­tion and by the ac­tion of the sea dur­ing sub­sequent os­cil­la­tions of level. It has, how­ever, been sug­ges­ted by Mr. Hop­kins, that if one part of the area, after rising and be­fore be­ing de­nuded, sub­sided, the de­pos­it formed dur­ing the rising move­ment, though not thick, might af­ter­wards be­come pro­tec­ted by fresh ac­cu­mu­la­tions, and thus be pre­served for a long peri­od.

				Mr. Hop­kins also ex­presses his be­lief that sed­i­ment­ary beds of con­sid­er­able ho­ri­zont­al ex­tent have rarely been com­pletely des­troyed. But all geo­lo­gists, ex­cept­ing the few who be­lieve that our present meta­morph­ic schists and pluton­ic rocks once formed the prim­or­di­al nuc­le­us of the globe, will ad­mit that these lat­ter rocks have been stripped of their cov­er­ing to an enorm­ous ex­tent. For it is scarcely pos­sible that such rocks could have been so­lid­i­fied and crys­tal­lised while un­covered; but if the meta­morph­ic ac­tion oc­curred at pro­found depths of the ocean, the former pro­tect­ing mantle of rock may not have been very thick. Ad­mit­ting then that gneiss, mica-schist, gran­ite, di­or­ite, etc., were once ne­ces­sar­ily covered up, how can we ac­count for the na­ked and ex­tens­ive areas of such rocks in many parts of the world, ex­cept on the be­lief that they have sub­sequently been com­pletely de­nuded of all overly­ing strata? That such ex­tens­ive areas do ex­ist can­not be doubted: the gran­it­ic re­gion of Par­ime is de­scribed by Hum­boldt as be­ing at least nine­teen times as large as Switzer­land. South of the Amazon, Boue col­ours an area com­posed of rocks of this nature as equal to that of Spain, France, Italy, part of Ger­many, and the Brit­ish Is­lands, all con­joined. This re­gion has not been care­fully ex­plored, but from the con­cur­rent testi­mony of trav­el­lers, the gran­it­ic area is very large: thus Von Eschwege gives a de­tailed sec­tion of these rocks, stretch­ing from Rio de Janeiro for 260 geo­graph­ic­al miles in­land in a straight line; and I trav­elled for 150 miles in an­oth­er dir­ec­tion, and saw noth­ing but gran­it­ic rocks. Nu­mer­ous spe­ci­mens, col­lec­ted along the whole coast, from near Rio de Janeiro to the mouth of the Plata, a dis­tance of 1,100 geo­graph­ic­al miles, were ex­amined by me, and they all be­longed to this class. In­land, along the whole north­ern bank of the Plata, I saw, be­sides mod­ern ter­tiary beds, only one small patch of slightly meta­morph­osed rock, which alone could have formed a part of the ori­gin­al cap­ping of the gran­it­ic series. Turn­ing to a well-known re­gion, namely, to the United States and Canada, as shown in Pro­fess­or H. D. Ro­gers’ beau­ti­ful map, I have es­tim­ated the areas by cut­ting out and weigh­ing the pa­per, and I find that the meta­morph­ic (ex­clud­ing the “semi-meta­morph­ic”) and gran­ite rocks ex­ceed, in the pro­por­tion of 19 to 12.5, the whole of the new­er Pa­laeo­zo­ic form­a­tions. In many re­gions the meta­morph­ic and gran­ite rocks would be found much more widely ex­ten­ded than they ap­pear to be, if all the sed­i­ment­ary beds were re­moved which rest un­con­form­ably on them, and which could not have formed part of the ori­gin­al mantle un­der which they were crys­tal­lised. Hence, it is prob­able that in some parts of the world whole form­a­tions have been com­pletely de­nuded, with not a wreck left be­hind.

				One re­mark is here worth a passing no­tice. Dur­ing peri­ods of el­ev­a­tion the area of the land and of the ad­join­ing shoal parts of the sea will be in­creased and new sta­tions will of­ten be formed—all cir­cum­stances fa­vour­able, as pre­vi­ously ex­plained, for the form­a­tion of new vari­et­ies and spe­cies; but dur­ing such peri­ods there will gen­er­ally be a blank in the geo­lo­gic­al re­cord. On the oth­er hand, dur­ing sub­sid­ence, the in­hab­ited area and num­ber of in­hab­it­ants will de­crease (ex­cept­ing on the shores of a con­tin­ent when first broken up in­to an ar­chipelago), and con­sequently dur­ing sub­sid­ence, though there will be much ex­tinc­tion, few new vari­et­ies or spe­cies will be formed; and it is dur­ing these very peri­ods of sub­sid­ence that the de­pos­its which are richest in fossils have been ac­cu­mu­lated.

			
			
				On the Absence of Numerous Intermediate Varieties in Any Single Formation

				From these sev­er­al con­sid­er­a­tions it can­not be doubted that the geo­lo­gic­al re­cord, viewed as a whole, is ex­tremely im­per­fect; but if we con­fine our at­ten­tion to any one form­a­tion, it be­comes much more dif­fi­cult to un­der­stand why we do not therein find closely gradu­ated vari­et­ies between the al­lied spe­cies which lived at its com­mence­ment and at its close. Sev­er­al cases are on re­cord of the same spe­cies present­ing vari­et­ies in the up­per and lower parts of the same form­a­tion. Thus Trautschold gives a num­ber of in­stances with Am­mon­ites, and Hil­gen­dorf has de­scribed a most curi­ous case of ten gradu­ated forms of Pla­n­or­bis mul­ti­formis in the suc­cess­ive beds of a fresh­wa­ter form­a­tion in Switzer­land. Al­though each form­a­tion has in­dis­put­ably re­quired a vast num­ber of years for its de­pos­ition, sev­er­al reas­ons can be giv­en why each should not com­monly in­clude a gradu­ated series of links between the spe­cies which lived at its com­mence­ment and close, but I can­not as­sign due pro­por­tion­al weight to the fol­low­ing con­sid­er­a­tions.

				Al­though each form­a­tion may mark a very long lapse of years, each prob­ably is short com­pared with the peri­od re­quis­ite to change one spe­cies in­to an­oth­er. I am aware that two pa­lae­on­to­lo­gists, whose opin­ions are worthy of much de­fer­ence, namely Bronn and Wood­ward, have con­cluded that the av­er­age dur­a­tion of each form­a­tion is twice or thrice as long as the av­er­age dur­a­tion of spe­cif­ic forms. But in­su­per­able dif­fi­culties, as it seems to me, pre­vent us from com­ing to any just con­clu­sion on this head. When we see a spe­cies first ap­pear­ing in the middle of any form­a­tion, it would be rash in the ex­treme to in­fer that it had not else­where pre­vi­ously ex­is­ted. So again, when we find a spe­cies dis­ap­pear­ing be­fore the last lay­ers have been de­pos­ited, it would be equally rash to sup­pose that it then be­came ex­tinct. We for­get how small the area of Europe is com­pared with the rest of the world; nor have the sev­er­al stages of the same form­a­tion through­out Europe been cor­rel­ated with per­fect ac­cur­acy.

				We may safely in­fer that with mar­ine an­im­als of all kinds there has been a large amount of mi­gra­tion due to cli­matal and oth­er changes; and when we see a spe­cies first ap­pear­ing in any form­a­tion, the prob­ab­il­ity is that it only then first im­mig­rated in­to that area. It is well known, for in­stance, that sev­er­al spe­cies ap­pear some­what earli­er in the pa­laeo­zo­ic beds of North Amer­ica than in those of Europe; time hav­ing ap­par­ently been re­quired for their mi­gra­tion from the Amer­ic­an to the European seas. In ex­amin­ing the latest de­pos­its, in vari­ous quar­ters of the world, it has every­where been noted, that some few still ex­ist­ing spe­cies are com­mon in the de­pos­it, but have be­come ex­tinct in the im­me­di­ately sur­round­ing sea; or, con­versely, that some are now abund­ant in the neigh­bour­ing sea, but are rare or ab­sent in this par­tic­u­lar de­pos­it. It is an ex­cel­lent les­son to re­flect on the as­cer­tained amount of mi­gra­tion of the in­hab­it­ants of Europe dur­ing the gla­cial epoch, which forms only a part of one whole geo­lo­gic­al peri­od; and like­wise to re­flect on the changes of level, on the ex­treme change of cli­mate, and on the great lapse of time, all in­cluded with­in this same gla­cial peri­od. Yet it may be doubted wheth­er, in any quarter of the world, sed­i­ment­ary de­pos­its, in­clud­ing fossil re­mains, have gone on ac­cu­mu­lat­ing with­in the same area dur­ing the whole of this peri­od. It is not, for in­stance, prob­able that sed­i­ment was de­pos­ited dur­ing the whole of the gla­cial peri­od near the mouth of the Mis­sis­sippi, with­in that lim­it of depth at which mar­ine an­im­als can best flour­ish: for we know that great geo­graph­ic­al changes oc­curred in oth­er parts of Amer­ica dur­ing this space of time. When such beds as were de­pos­ited in shal­low wa­ter near the mouth of the Mis­sis­sippi dur­ing some part of the gla­cial peri­od shall have been up­raised, or­gan­ic re­mains will prob­ably first ap­pear and dis­ap­pear at dif­fer­ent levels, ow­ing to the mi­gra­tions of spe­cies and to geo­graph­ic­al changes. And in the dis­tant fu­ture, a geo­lo­gist, ex­amin­ing these beds, would be temp­ted to con­clude that the av­er­age dur­a­tion of life of the em­bed­ded fossils had been less than that of the gla­cial peri­od, in­stead of hav­ing been really far great­er, that is, ex­tend­ing from be­fore the gla­cial epoch to the present day.

				In or­der to get a per­fect grad­a­tion between two forms in the up­per and lower parts of the same form­a­tion, the de­pos­it must have gone on con­tinu­ously ac­cu­mu­lat­ing dur­ing a long peri­od, suf­fi­cient for the slow pro­cess of modi­fic­a­tion; hence, the de­pos­it must be a very thick one; and the spe­cies un­der­go­ing change must have lived in the same dis­trict through­out the whole time. But we have seen that a thick form­a­tion, fos­silifer­ous through­out its en­tire thick­ness, can ac­cu­mu­late only dur­ing a peri­od of sub­sid­ence; and to keep the depth ap­prox­im­ately the same, which is ne­ces­sary that the same mar­ine spe­cies may live on the same space, the sup­ply of sed­i­ment must nearly coun­ter­bal­ance the amount of sub­sid­ence. But this same move­ment of sub­sid­ence will tend to sub­merge the area whence the sed­i­ment is de­rived, and thus di­min­ish the sup­ply, whilst the down­ward move­ment con­tin­ues. In fact, this nearly ex­act bal­an­cing between the sup­ply of sed­i­ment and the amount of sub­sid­ence is prob­ably a rare con­tin­gency; for it has been ob­served by more than one pa­lae­on­to­lo­gist that very thick de­pos­its are usu­ally bar­ren of or­gan­ic re­mains, ex­cept near their up­per or lower lim­its.

				It would seem that each sep­ar­ate form­a­tion, like the whole pile of form­a­tions in any coun­try, has gen­er­ally been in­ter­mit­tent in its ac­cu­mu­la­tion. When we see, as is so of­ten the case, a form­a­tion com­posed of beds of widely dif­fer­ent min­er­alo­gic­al com­pos­i­tion, we may reas­on­ably sus­pect that the pro­cess of de­pos­ition has been more or less in­ter­rup­ted. Nor will the closest in­spec­tion of a form­a­tion give us any idea of the length of time which its de­pos­ition may have con­sumed. Many in­stances could be giv­en of beds, only a few feet in thick­ness, rep­res­ent­ing form­a­tions which are else­where thou­sands of feet in thick­ness, and which must have re­quired an enorm­ous peri­od for their ac­cu­mu­la­tion; yet no one ig­nor­ant of this fact would have even sus­pec­ted the vast lapse of time rep­res­en­ted by the thin­ner form­a­tion. Many cases could be giv­en of the lower beds of a form­a­tion hav­ing been up­raised, de­nuded, sub­merged, and then re-covered by the up­per beds of the same form­a­tion—facts, show­ing what wide, yet eas­ily over­looked, in­ter­vals have oc­curred in its ac­cu­mu­la­tion. In oth­er cases we have the plain­est evid­ence in great fos­sil­ised trees, still stand­ing up­right as they grew, of many long in­ter­vals of time and changes of level dur­ing the pro­cess of de­pos­ition, which would not have been sus­pec­ted, had not the trees been pre­served: thus Sir C. Lyell and Dr. Dawson found car­bon­ifer­ous beds 1,400 feet thick in Nova Sco­tia, with an­cient root-bear­ing strata, one above the oth­er, at no less than sixty-eight dif­fer­ent levels. Hence, when the same spe­cies oc­curs at the bot­tom, middle, and top of a form­a­tion, the prob­ab­il­ity is that it has not lived on the same spot dur­ing the whole peri­od of de­pos­ition, but has dis­ap­peared and re­appeared, per­haps many times, dur­ing the same geo­lo­gic­al peri­od. Con­sequently if it were to un­der­go a con­sid­er­able amount of modi­fic­a­tion dur­ing the de­pos­ition of any one geo­lo­gic­al form­a­tion, a sec­tion would not in­clude all the fine in­ter­me­di­ate grad­a­tions which must on our the­ory have ex­is­ted, but ab­rupt, though per­haps slight, changes of form.

				It is all-im­port­ant to re­mem­ber that nat­ur­al­ists have no golden rule by which to dis­tin­guish spe­cies and vari­et­ies; they grant some little vari­ab­il­ity to each spe­cies, but when they meet with a some­what great­er amount of dif­fer­ence between any two forms, they rank both as spe­cies, un­less they are en­abled to con­nect them to­geth­er by the closest in­ter­me­di­ate grad­a­tions; and this, from the reas­ons just as­signed, we can sel­dom hope to ef­fect in any one geo­lo­gic­al sec­tion. Sup­pos­ing B and C to be two spe­cies, and a third, A, to be found in an older and un­der­ly­ing bed; even if A were strictly in­ter­me­di­ate between B and C, it would simply be ranked as a third and dis­tinct spe­cies, un­less at the same time it could be closely con­nec­ted by in­ter­me­di­ate vari­et­ies with either one or both forms. Nor should it be for­got­ten, as be­fore ex­plained, that A might be the ac­tu­al pro­gen­it­or of B and C, and yet would not ne­ces­sar­ily be strictly in­ter­me­di­ate between them in all re­spects. So that we might ob­tain the par­ent-spe­cies and its sev­er­al mod­i­fied des­cend­ants from the lower and up­per beds of the same form­a­tion, and un­less we ob­tained nu­mer­ous trans­ition­al grad­a­tions, we should not re­cog­nise their blood-re­la­tion­ship, and should con­sequently rank them as dis­tinct spe­cies.

				It is no­tori­ous on what ex­cess­ively slight dif­fer­ences many pa­lae­on­to­lo­gists have foun­ded their spe­cies; and they do this the more read­ily if the spe­ci­mens come from dif­fer­ent sub-stages of the same form­a­tion. Some ex­per­i­enced conch­o­lo­gists are now sink­ing many of the very fine spe­cies of D’Or­bigny and oth­ers in­to the rank of vari­et­ies; and on this view we do find the kind of evid­ence of change which on the the­ory we ought to find. Look again at the later ter­tiary de­pos­its, which in­clude many shells be­lieved by the ma­jor­ity of nat­ur­al­ists to be identic­al with ex­ist­ing spe­cies; but some ex­cel­lent nat­ur­al­ists, as Agassiz and Pic­t­et, main­tain that all these ter­tiary spe­cies are spe­cific­ally dis­tinct, though the dis­tinc­tion is ad­mit­ted to be very slight; so that here, un­less we be­lieve that these em­in­ent nat­ur­al­ists have been misled by their ima­gin­a­tions, and that these late ter­tiary spe­cies really present no dif­fer­ence whatever from their liv­ing rep­res­ent­at­ives, or un­less we ad­mit, in op­pos­i­tion to the judg­ment of most nat­ur­al­ists, that these ter­tiary spe­cies are all truly dis­tinct from the re­cent, we have evid­ence of the fre­quent oc­cur­rence of slight modi­fic­a­tions of the kind re­quired. If we look to rather wider in­ter­vals of time, namely, to dis­tinct but con­sec­ut­ive stages of the same great form­a­tion, we find that the em­bed­ded fossils, though uni­ver­sally ranked as spe­cific­ally dif­fer­ent, yet are far more closely re­lated to each oth­er than are the spe­cies found in more widely sep­ar­ated form­a­tions; so that here again we have un­doubted evid­ence of change in the dir­ec­tion re­quired by the the­ory; but to this lat­ter sub­ject I shall re­turn in the fol­low­ing chapter.

				With an­im­als and plants that propag­ate rap­idly and do not wander much, there is reas­on to sus­pect, as we have formerly seen, that their vari­et­ies are gen­er­ally at first loc­al; and that such loc­al vari­et­ies do not spread widely and sup­plant their par­ent-form un­til they have been mod­i­fied and per­fec­ted in some con­sid­er­able de­gree. Ac­cord­ing to this view, the chance of dis­cov­er­ing in a form­a­tion in any one coun­try all the early stages of trans­ition between any two forms, is small, for the suc­cess­ive changes are sup­posed to have been loc­al or con­fined to some one spot. Most mar­ine an­im­als have a wide range; and we have seen that with plants it is those which have the widest range, that of­ten­est present vari­et­ies, so that, with shells and oth­er mar­ine an­im­als, it is prob­able that those which had the widest range, far ex­ceed­ing the lim­its of the known geo­lo­gic­al form­a­tions in Europe, have of­ten­est giv­en rise, first to loc­al vari­et­ies and ul­ti­mately to new spe­cies; and this again would greatly lessen the chance of our be­ing able to trace the stages of trans­ition in any one geo­lo­gic­al form­a­tion.

				It is a more im­port­ant con­sid­er­a­tion, lead­ing to the same res­ult, as lately in­sisted on by Dr. Fal­con­er, namely, that the peri­od dur­ing which each spe­cies un­der­went modi­fic­a­tion, though long as meas­ured by years, was prob­ably short in com­par­is­on with that dur­ing which it re­mained without un­der­go­ing any change.

				It should not be for­got­ten, that at the present day, with per­fect spe­ci­mens for ex­am­in­a­tion, two forms can sel­dom be con­nec­ted by in­ter­me­di­ate vari­et­ies, and thus proved to be the same spe­cies, un­til many spe­ci­mens are col­lec­ted from many places; and with fossil spe­cies this can rarely be done. We shall, per­haps, best per­ceive the im­prob­ab­il­ity of our be­ing en­abled to con­nect spe­cies by nu­mer­ous, fine, in­ter­me­di­ate, fossil links, by ask­ing ourselves wheth­er, for in­stance, geo­lo­gists at some fu­ture peri­od will be able to prove that our dif­fer­ent breeds of cattle, sheep, horses, and dogs are des­cen­ded from a single stock or from sev­er­al ab­ori­gin­al stocks; or, again, wheth­er cer­tain sea­shells in­hab­it­ing the shores of North Amer­ica, which are ranked by some conch­o­lo­gists as dis­tinct spe­cies from their European rep­res­ent­at­ives, and by oth­er conch­o­lo­gists as only vari­et­ies, are really vari­et­ies, or are, as it is called, spe­cific­ally dis­tinct. This could be ef­fected by the fu­ture geo­lo­gist only by his dis­cov­er­ing in a fossil state nu­mer­ous in­ter­me­di­ate grad­a­tions; and such suc­cess is im­prob­able in the highest de­gree.

				It has been as­ser­ted over and over again, by writers who be­lieve in the im­mut­ab­il­ity of spe­cies, that geo­logy yields no link­ing forms. This as­ser­tion, as we shall see in the next chapter, is cer­tainly er­ro­neous. As Sir J. Lub­bock has re­marked, “Every spe­cies is a link between oth­er al­lied forms.” If we take a genus hav­ing a score of spe­cies, re­cent and ex­tinct, and des­troy four-fifths of them, no one doubts that the re­mainder will stand much more dis­tinct from each oth­er. If the ex­treme forms in the genus hap­pen to have been thus des­troyed, the genus it­self will stand more dis­tinct from oth­er al­lied gen­era. What geo­lo­gic­al re­search has not re­vealed, is the former ex­ist­ence of in­fin­itely nu­mer­ous grad­a­tions, as fine as ex­ist­ing vari­et­ies, con­nect­ing to­geth­er nearly all ex­ist­ing and ex­tinct spe­cies. But this ought not to be ex­pec­ted; yet this has been re­peatedly ad­vanced as a most ser­i­ous ob­jec­tion against my views.

				It may be worth while to sum up the fore­go­ing re­marks on the causes of the im­per­fec­tion of the geo­lo­gic­al re­cord un­der an ima­gin­ary il­lus­tra­tion. The Malay Ar­chipelago is about the size of Europe from the North Cape to the Medi­ter­ranean, and from Bri­tain to Rus­sia; and there­fore equals all the geo­lo­gic­al form­a­tions which have been ex­amined with any ac­cur­acy, ex­cept­ing those of the United States of Amer­ica. I fully agree with Mr. God­win-Aus­ten, that the present con­di­tion of the Malay Ar­chipelago, with its nu­mer­ous large is­lands sep­ar­ated by wide and shal­low seas, prob­ably rep­res­ents the former state of Europe, while most of our form­a­tions were ac­cu­mu­lat­ing. The Malay Ar­chipelago is one of the richest re­gions in or­gan­ic be­ings; yet if all the spe­cies were to be col­lec­ted which have ever lived there, how im­per­fectly would they rep­res­ent the nat­ur­al his­tory of the world!

				But we have every reas­on to be­lieve that the ter­restri­al pro­duc­tions of the ar­chipelago would be pre­served in an ex­tremely im­per­fect man­ner in the form­a­tions which we sup­pose to be there ac­cu­mu­lat­ing. Not many of the strictly lit­tor­al an­im­als, or of those which lived on na­ked sub­mar­ine rocks, would be em­bed­ded; and those em­bed­ded in gravel or sand would not en­dure to a dis­tant epoch. Wherever sed­i­ment did not ac­cu­mu­late on the bed of the sea, or where it did not ac­cu­mu­late at a suf­fi­cient rate to pro­tect or­gan­ic bod­ies from de­cay, no re­mains could be pre­served.

				Form­a­tions rich in fossils of many kinds, and of thick­ness suf­fi­cient to last to an age as dis­tant in fu­tur­ity as the sec­ond­ary form­a­tions lie in the past, would gen­er­ally be formed in the ar­chipelago only dur­ing peri­ods of sub­sid­ence. These peri­ods of sub­sid­ence would be sep­ar­ated from each oth­er by im­mense in­ter­vals of time, dur­ing which the area would be either sta­tion­ary or rising; whilst rising, the fos­silifer­ous form­a­tions on the steep­er shores would be des­troyed, al­most as soon as ac­cu­mu­lated, by the in­cess­ant coast-ac­tion, as we now see on the shores of South Amer­ica. Even through­out the ex­tens­ive and shal­low seas with­in the ar­chipelago, sed­i­ment­ary beds could hardly be ac­cu­mu­lated of great thick­ness dur­ing the peri­ods of el­ev­a­tion, or be­come capped and pro­tec­ted by sub­sequent de­pos­its, so as to have a good chance of en­dur­ing to a very dis­tant fu­ture. Dur­ing the peri­ods of sub­sid­ence, there would prob­ably be much ex­tinc­tion of life; dur­ing the peri­ods of el­ev­a­tion, there would be much vari­ation, but the geo­lo­gic­al re­cord would then be less per­fect.

				It may be doubted wheth­er the dur­a­tion of any one great peri­od of sub­sid­ence over the whole or part of the ar­chipelago, to­geth­er with a con­tem­por­an­eous ac­cu­mu­la­tion of sed­i­ment, would ex­ceed the av­er­age dur­a­tion of the same spe­cif­ic forms; and these con­tin­gen­cies are in­dis­pens­able for the pre­ser­va­tion of all the trans­ition­al grad­a­tions between any two or more spe­cies. If such grad­a­tions were not all fully pre­served, trans­ition­al vari­et­ies would merely ap­pear as so many new, though closely al­lied spe­cies. It is also prob­able that each great peri­od of sub­sid­ence would be in­ter­rup­ted by os­cil­la­tions of level, and that slight cli­mat­ic­al changes would in­ter­vene dur­ing such lengthy peri­ods; and in these cases the in­hab­it­ants of the ar­chipelago would mi­grate, and no closely con­sec­ut­ive re­cord of their modi­fic­a­tions could be pre­served in any one form­a­tion.

				Very many of the mar­ine in­hab­it­ants of the ar­chipelago now range thou­sands of miles bey­ond its con­fines; and ana­logy plainly leads to the be­lief that it would be chiefly these far-ran­ging spe­cies, though only some of them, which would of­ten­est pro­duce new vari­et­ies; and the vari­et­ies would at first be loc­al or con­fined to one place, but if pos­sessed of any de­cided ad­vant­age, or when fur­ther mod­i­fied and im­proved, they would slowly spread and sup­plant their par­ent-forms. When such vari­et­ies re­turned to their an­cient homes, as they would dif­fer from their former state in a nearly uni­form, though per­haps ex­tremely slight de­gree, and as they would be found em­bed­ded in slightly dif­fer­ent sub-stages of the same form­a­tion, they would, ac­cord­ing to the prin­ciples fol­lowed by many pa­lae­on­to­lo­gists, be ranked as new and dis­tinct spe­cies.

				If then there be some de­gree of truth in these re­marks, we have no right to ex­pect to find, in our geo­lo­gic­al form­a­tions, an in­fin­ite num­ber of those fine trans­ition­al forms, which, on our the­ory, have con­nec­ted all the past and present spe­cies of the same group in­to one long and branch­ing chain of life. We ought only to look for a few links, and such as­suredly we do find—some more dis­tantly, some more closely, re­lated to each oth­er; and these links, let them be ever so close, if found in dif­fer­ent stages of the same form­a­tion, would, by many pa­lae­on­to­lo­gists, be ranked as dis­tinct spe­cies. But I do not pre­tend that I should ever have sus­pec­ted how poor was the re­cord in the best pre­served geo­lo­gic­al sec­tions, had not the ab­sence of in­nu­mer­able trans­ition­al links between the spe­cies which lived at the com­mence­ment and close of each form­a­tion, pressed so hardly on my the­ory.

			
			
				On the Sudden Appearance of Whole Groups of Allied Species

				The ab­rupt man­ner in which whole groups of spe­cies sud­denly ap­pear in cer­tain form­a­tions, has been urged by sev­er­al pa­lae­on­to­lo­gists—for in­stance, by Agassiz, Pic­t­et, and Sedg­wick, as a fatal ob­jec­tion to the be­lief in the trans­mu­ta­tion of spe­cies. If nu­mer­ous spe­cies, be­long­ing to the same gen­era or fam­il­ies, have really star­ted in­to life at once, the fact would be fatal to the the­ory of evol­u­tion through nat­ur­al se­lec­tion. For the de­vel­op­ment by this means of a group of forms, all of which are des­cen­ded from some one pro­gen­it­or, must have been an ex­tremely slow pro­cess; and the pro­gen­it­ors must have lived long be­fore their mod­i­fied des­cend­ants. But we con­tinu­ally over­rate the per­fec­tion of the geo­lo­gic­al re­cord, and falsely in­fer, be­cause cer­tain gen­era or fam­il­ies have not been found be­neath a cer­tain stage, that they did not ex­ist be­fore that stage. In all cases pos­it­ive pa­lae­on­to­lo­gic­al evid­ence may be im­pli­citly trus­ted; neg­at­ive evid­ence is worth­less, as ex­per­i­ence has so of­ten shown. We con­tinu­ally for­get how large the world is, com­pared with the area over which our geo­lo­gic­al form­a­tions have been care­fully ex­amined; we for­get that groups of spe­cies may else­where have long ex­is­ted, and have slowly mul­ti­plied, be­fore they in­vaded the an­cient ar­chipela­goes of Europe and the United States. We do not make due al­low­ance for the enorm­ous in­ter­vals of time which have elapsed between our con­sec­ut­ive form­a­tions, longer per­haps in many cases than the time re­quired for the ac­cu­mu­la­tion of each form­a­tion. These in­ter­vals will have giv­en time for the mul­ti­plic­a­tion of spe­cies from some one par­ent-form: and in the suc­ceed­ing form­a­tion, such groups or spe­cies will ap­pear as if sud­denly cre­ated.

				I may here re­call a re­mark formerly made, namely, that it might re­quire a long suc­ces­sion of ages to ad­apt an or­gan­ism to some new and pe­cu­li­ar line of life, for in­stance, to fly through the air; and con­sequently that the trans­ition­al forms would of­ten long re­main con­fined to some one re­gion; but that, when this ad­apt­a­tion had once been ef­fected, and a few spe­cies had thus ac­quired a great ad­vant­age over oth­er or­gan­isms, a com­par­at­ively short time would be ne­ces­sary to pro­duce many di­ver­gent forms, which would spread rap­idly and widely through­out the world. Pro­fess­or Pic­t­et, in his ex­cel­lent Re­view of this work, in com­ment­ing on early trans­ition­al forms, and tak­ing birds as an il­lus­tra­tion, can­not see how the suc­cess­ive modi­fic­a­tions of the an­teri­or limbs of a sup­posed pro­to­type could pos­sibly have been of any ad­vant­age. But look at the pen­guins of the South­ern Ocean; have not these birds their front limbs in this pre­cise in­ter­me­di­ate state of “neither true arms nor true wings?” Yet these birds hold their place vic­tori­ously in the battle for life; for they ex­ist in in­fin­ite num­bers and of many kinds. I do not sup­pose that we here see the real trans­ition­al grades through which the wings of birds have passed; but what spe­cial dif­fi­culty is there in be­liev­ing that it might profit the mod­i­fied des­cend­ants of the pen­guin, first to be­come en­abled to flap along the sur­face of the sea like the log­ger-headed duck, and ul­ti­mately to rise from its sur­face and glide through the air?

				I will now give a few ex­amples to il­lus­trate the fore­go­ing re­marks, and to show how li­able we are to er­ror in sup­pos­ing that whole groups of spe­cies have sud­denly been pro­duced. Even in so short an in­ter­val as that between the first and second edi­tions of Pic­t­et’s great work on Pa­lae­on­to­logy, pub­lished in 1844–46 and in 1853–57, the con­clu­sions on the first ap­pear­ance and dis­ap­pear­ance of sev­er­al groups of an­im­als have been con­sid­er­ably mod­i­fied; and a third edi­tion would re­quire still fur­ther changes. I may re­call the well-known fact that in geo­lo­gic­al treat­ises, pub­lished not many years ago, mam­mals were al­ways spoken of as hav­ing ab­ruptly come in at the com­mence­ment of the ter­tiary series. And now one of the richest known ac­cu­mu­la­tions of fossil mam­mals be­longs to the middle of the sec­ond­ary series; and true mam­mals have been dis­covered in the new red sand­stone at nearly the com­mence­ment of this great series. Cu­vi­er used to urge that no mon­key oc­curred in any ter­tiary strat­um; but now ex­tinct spe­cies have been dis­covered in In­dia, South Amer­ica and in Europe, as far back as the mio­cene stage. Had it not been for the rare ac­ci­dent of the pre­ser­va­tion of foot­steps in the new red sand­stone of the United States, who would have ven­tured to sup­pose that no less than at least thirty dif­fer­ent bird­like an­im­als, some of gi­gant­ic size, ex­is­ted dur­ing that peri­od? Not a frag­ment of bone has been dis­covered in these beds. Not long ago, pa­lae­on­to­lo­gists main­tained that the whole class of birds came sud­denly in­to ex­ist­ence dur­ing the eo­cene peri­od; but now we know, on the au­thor­ity of Pro­fess­or Owen, that a bird cer­tainly lived dur­ing the de­pos­ition of the up­per greensand; and still more re­cently, that strange bird, the Ar­cheo­pteryx, with a long liz­ard-like tail, bear­ing a pair of feath­ers on each joint, and with its wings fur­nished with two free claws, has been dis­covered in the oolit­ic slates of Solen­hofen. Hardly any re­cent dis­cov­ery shows more for­cibly than this how little we as yet know of the former in­hab­it­ants of the world.

				I may give an­oth­er in­stance, which, from hav­ing passed un­der my own eyes has much struck me. In a mem­oir on Fossil Sessile Cir­ri­pedes, I stated that, from the large num­ber of ex­ist­ing and ex­tinct ter­tiary spe­cies; from the ex­traordin­ary abund­ance of the in­di­vidu­als of many spe­cies all over the world, from the Arc­tic re­gions to the equat­or, in­hab­it­ing vari­ous zones of depths, from the up­per tid­al lim­its to fifty fathoms; from the per­fect man­ner in which spe­ci­mens are pre­served in the old­est ter­tiary beds; from the ease with which even a frag­ment of a valve can be re­cog­nised; from all these cir­cum­stances, I in­ferred that, had sessile cir­ri­pedes ex­is­ted dur­ing the sec­ond­ary peri­ods, they would cer­tainly have been pre­served and dis­covered; and as not one spe­cies had then been dis­covered in beds of this age, I con­cluded that this great group had been sud­denly de­veloped at the com­mence­ment of the ter­tiary series. This was a sore trouble to me, adding, as I then thought, one more in­stance of the ab­rupt ap­pear­ance of a great group of spe­cies. But my work had hardly been pub­lished, when a skil­ful pa­lae­on­to­lo­gist, M. Bos­quet, sent me a draw­ing of a per­fect spe­ci­men of an un­mis­tak­able sessile cir­ri­pede, which he had him­self ex­trac­ted from the chalk of Bel­gi­um. And, as if to make the case as strik­ing as pos­sible, this cir­ri­pede was a Chthamalus, a very com­mon, large, and ubi­quit­ous genus, of which not one spe­cies has as yet been found even in any ter­tiary strat­um. Still more re­cently, a Pyr­goma, a mem­ber of a dis­tinct sub­fam­ily of sessile cir­ri­pedes, has been dis­covered by Mr. Wood­ward in the up­per chalk; so that we now have abund­ant evid­ence of the ex­ist­ence of this group of an­im­als dur­ing the sec­ond­ary peri­od.

				The case most fre­quently in­sisted on by pa­lae­on­to­lo­gists of the ap­par­ently sud­den ap­pear­ance of a whole group of spe­cies, is that of the tele­ostean fishes, low down, ac­cord­ing to Agassiz, in the Chalk peri­od. This group in­cludes the large ma­jor­ity of ex­ist­ing spe­cies. But cer­tain Jur­as­sic and Tri­as­sic forms are now com­monly ad­mit­ted to be tele­ostean; and even some pa­laeo­zo­ic forms have thus been classed by one high au­thor­ity. If the tele­osteans had really ap­peared sud­denly in the north­ern hemi­sphere at the com­mence­ment of the chalk form­a­tion, the fact would have been highly re­mark­able; but it would not have formed an in­su­per­able dif­fi­culty, un­less it could like­wise have been shown that at the same peri­od the spe­cies were sud­denly and sim­ul­tan­eously de­veloped in oth­er quar­ters of the world. It is al­most su­per­flu­ous to re­mark that hardly any fossil-fish are known from south of the equat­or; and by run­ning through Pic­t­et’s Pa­lae­on­to­logy it will be seen that very few spe­cies are known from sev­er­al form­a­tions in Europe. Some few fam­il­ies of fish now have a con­fined range; the tele­ostean fishes might formerly have had a sim­il­arly con­fined range, and after hav­ing been largely de­veloped in some one sea, have spread widely. Nor have we any right to sup­pose that the seas of the world have al­ways been so freely open from south to north as they are at present. Even at this day, if the Malay Ar­chipelago were con­ver­ted in­to land, the trop­ic­al parts of the In­di­an Ocean would form a large and per­fectly en­closed basin, in which any great group of mar­ine an­im­als might be mul­ti­plied; and here they would re­main con­fined, un­til some of the spe­cies be­came ad­ap­ted to a cool­er cli­mate, and were en­abled to double the south­ern capes of Africa or Aus­tralia, and thus reach oth­er and dis­tant seas.

				From these con­sid­er­a­tions, from our ig­nor­ance of the geo­logy of oth­er coun­tries bey­ond the con­fines of Europe and the United States, and from the re­volu­tion in our pa­lae­on­to­lo­gic­al know­ledge ef­fected by the dis­cov­er­ies of the last dozen years, it seems to me to be about as rash to dog­mat­ize on the suc­ces­sion of or­gan­ic forms through­out the world, as it would be for a nat­ur­al­ist to land for five minutes on a bar­ren point in Aus­tralia, and then to dis­cuss the num­ber and range of its pro­duc­tions.

			
			
				On the Sudden Appearance of Groups of Allied Species in the Lowest Known Fossiliferous Strata

				There is an­oth­er and al­lied dif­fi­culty, which is much more ser­i­ous. I al­lude to the man­ner in which spe­cies be­long­ing to sev­er­al of the main di­vi­sions of the an­im­al king­dom sud­denly ap­pear in the low­est known fos­silifer­ous rocks. Most of the ar­gu­ments which have con­vinced me that all the ex­ist­ing spe­cies of the same group are des­cen­ded from a single pro­gen­it­or, ap­ply with equal force to the earli­est known spe­cies. For in­stance, it can­not be doubted that all the Cam­bri­an and Siluri­an trilob­ites are des­cen­ded from some one crus­ta­cean, which must have lived long be­fore the Cam­bri­an age, and which prob­ably differed greatly from any known an­im­al. Some of the most an­cient an­im­als, as the Nautilus, Lin­gula, etc., do not dif­fer much from liv­ing spe­cies; and it can­not on our the­ory be sup­posed, that these old spe­cies were the pro­gen­it­ors of all the spe­cies be­long­ing to the same groups which have sub­sequently ap­peared, for they are not in any de­gree in­ter­me­di­ate in char­ac­ter.

				Con­sequently, if the the­ory be true, it is in­dis­put­able that be­fore the low­est Cam­bri­an strat­um was de­pos­ited long peri­ods elapsed, as long as, or prob­ably far longer than, the whole in­ter­val from the Cam­bri­an age to the present day; and that dur­ing these vast peri­ods the world swarmed with liv­ing creatures. Here we en­counter a for­mid­able ob­jec­tion; for it seems doubt­ful wheth­er the earth, in a fit state for the hab­it­a­tion of liv­ing creatures, has las­ted long enough. Sir W. Thompson con­cludes that the con­sol­id­a­tion of the crust can hardly have oc­curred less than twenty or more than four hun­dred mil­lion years ago, but prob­ably not less than ninety-eight or more than two hun­dred mil­lion years. These very wide lim­its show how doubt­ful the data are; and oth­er ele­ments may have here­after to be in­tro­duced in­to the prob­lem. Mr. Croll es­tim­ates that about sixty mil­lion years have elapsed since the Cam­bri­an peri­od, but this, judging from the small amount of or­gan­ic change since the com­mence­ment of the Gla­cial epoch, ap­pears a very short time for the many and great muta­tions of life, which have cer­tainly oc­curred since the Cam­bri­an form­a­tion; and the pre­vi­ous one hun­dred and forty mil­lion years can hardly be con­sidered as suf­fi­cient for the de­vel­op­ment of the var­ied forms of life which already ex­is­ted dur­ing the Cam­bri­an peri­od. It is, how­ever, prob­able, as Sir Wil­li­am Thompson in­sists, that the world at a very early peri­od was sub­jec­ted to more rap­id and vi­ol­ent changes in its phys­ic­al con­di­tions than those now oc­cur­ring; and such changes would have ten­ded to in­duce changes at a cor­res­pond­ing rate in the or­gan­isms which then ex­is­ted.

				To the ques­tion why we do not find rich fos­silifer­ous de­pos­its be­long­ing to these as­sumed earli­est peri­ods pri­or to the Cam­bri­an sys­tem, I can give no sat­is­fact­ory an­swer. Sev­er­al em­in­ent geo­lo­gists, with Sir R. Murch­is­on at their head, were un­til re­cently con­vinced that we be­held in the or­gan­ic re­mains of the low­est Siluri­an strat­um the first dawn of life. Oth­er highly com­pet­ent judges, as Lyell and E. For­bes, have dis­puted this con­clu­sion. We should not for­get that only a small por­tion of the world is known with ac­cur­acy. Not very long ago M. Bar­rande ad­ded an­oth­er and lower stage, abound­ing with new and pe­cu­li­ar spe­cies, be­neath the then known Siluri­an sys­tem; and now, still lower down in the Lower Cam­bri­an form­a­tion, Mr. Hicks has found South Wales beds rich in trilob­ites, and con­tain­ing vari­ous mol­luscs and an­nelids. The pres­ence of phos­phat­ic nod­ules and bi­tu­min­ous mat­ter, even in some of the low­est azot­ic rocks, prob­ably in­dic­ates life at these peri­ods; and the ex­ist­ence of the Eo­zo­on in the Lauren­tian form­a­tion of Canada is gen­er­ally ad­mit­ted. There are three great series of strata be­neath the Siluri­an sys­tem in Canada, in the low­est of which the Eo­zo­on is found. Sir W. Lo­gan states that their “united thick­ness may pos­sibly far sur­pass that of all the suc­ceed­ing rocks, from the base of the pa­laeo­zo­ic series to the present time. We are thus car­ried back to a peri­od so re­mote, that the ap­pear­ance of the so-called prim­or­di­al fauna (of Bar­rande) may by some be con­sidered as a com­par­at­ively mod­ern event.” The Eo­zo­on be­longs to the most lowly or­gan­ised of all classes of an­im­als, but is highly or­gan­ised for its class; it ex­is­ted in count­less num­bers, and, as Dr. Dawson has re­marked, cer­tainly preyed on oth­er minute or­gan­ic be­ings, which must have lived in great num­bers. Thus the words, which I wrote in 1859, about the ex­ist­ence of liv­ing be­ings long be­fore the Cam­bri­an peri­od, and which are al­most the same with those since used by Sir W. Lo­gan, have proved true. Nev­er­the­less, the dif­fi­culty of as­sign­ing any good reas­on for the ab­sence of vast piles of strata rich in fossils be­neath the Cam­bri­an sys­tem is very great. It does not seem prob­able that the most an­cient beds have been quite worn away by de­nud­a­tion, or that their fossils have been wholly ob­lit­er­ated by meta­morph­ic ac­tion, for if this had been the case we should have found only small rem­nants of the form­a­tions next suc­ceed­ing them in age, and these would al­ways have ex­is­ted in a par­tially meta­morph­osed con­di­tion. But the de­scrip­tions which we pos­sess of the Siluri­an de­pos­its over im­mense ter­rit­or­ies in Rus­sia and in North Amer­ica, do not sup­port the view that the older a form­a­tion is the more in­vari­ably it has suffered ex­treme de­nud­a­tion and meta­morph­ism.

				The case at present must re­main in­ex­plic­able; and may be truly urged as a val­id ar­gu­ment against the views here en­ter­tained. To show that it may here­after re­ceive some ex­plan­a­tion, I will give the fol­low­ing hy­po­thes­is. From the nature of the or­gan­ic re­mains which do not ap­pear to have in­hab­ited pro­found depths, in the sev­er­al form­a­tions of Europe and of the United States; and from the amount of sed­i­ment, miles in thick­ness, of which the form­a­tions are com­posed, we may in­fer that from first to last large is­lands or tracts of land, whence the sed­i­ment was de­rived, oc­curred in the neigh­bour­hood of the now ex­ist­ing con­tin­ents of Europe and North Amer­ica. This same view has since been main­tained by Agassiz and oth­ers. But we do not know what was the state of things in the in­ter­vals between the sev­er­al suc­cess­ive form­a­tions; wheth­er Europe and the United States dur­ing these in­ter­vals ex­is­ted as dry land, or as a sub­mar­ine sur­face near land, on which sed­i­ment was not de­pos­ited, or as the bed of an open and un­fathom­able sea.

				Look­ing to the ex­ist­ing oceans, which are thrice as ex­tens­ive as the land, we see them stud­ded with many is­lands; but hardly one truly ocean­ic is­land (with the ex­cep­tion of New Zea­l­and, if this can be called a truly ocean­ic is­land) is as yet known to af­ford even a rem­nant of any pa­laeo­zo­ic or sec­ond­ary form­a­tion. Hence, we may per­haps in­fer, that dur­ing the pa­laeo­zo­ic and sec­ond­ary peri­ods, neither con­tin­ents nor con­tin­ent­al is­lands ex­is­ted where our oceans now ex­tend; for had they ex­is­ted, pa­laeo­zo­ic and sec­ond­ary form­a­tions would in all prob­ab­il­ity have been ac­cu­mu­lated from sed­i­ment de­rived from their wear and tear; and would have been at least par­tially up­heaved by the os­cil­la­tions of level, which must have in­ter­vened dur­ing these enorm­ously long peri­ods. If, then, we may in­fer any­thing from these facts, we may in­fer that, where our oceans now ex­tend, oceans have ex­ten­ded from the re­motest peri­od of which we have any re­cord; and on the oth­er hand, that where con­tin­ents now ex­ist, large tracts of land have ex­is­ted, sub­jec­ted, no doubt, to great os­cil­la­tions of level, since the Cam­bri­an peri­od. The col­oured map ap­pen­ded to my volume on Cor­al Reefs, led me to con­clude that the great oceans are still mainly areas of sub­sid­ence, the great ar­chipela­goes still areas of os­cil­la­tions of level, and the con­tin­ents areas of el­ev­a­tion. But we have no reas­on to as­sume that things have thus re­mained from the be­gin­ning of the world. Our con­tin­ents seem to have been formed by a pre­pon­der­ance, dur­ing many os­cil­la­tions of level, of the force of el­ev­a­tion. But may not the areas of pre­pon­der­ant move­ment have changed in the lapse of ages? At a peri­od long ante­cedent to the Cam­bri­an epoch, con­tin­ents may have ex­is­ted where oceans are now spread out, and clear and open oceans may have ex­is­ted where our con­tin­ents now stand. Nor should we be jus­ti­fied in as­sum­ing that if, for in­stance, the bed of the Pa­cific Ocean were now con­ver­ted in­to a con­tin­ent we should there find sed­i­ment­ary form­a­tions, in re­cog­nis­able con­di­tion, older than the Cam­bri­an strata, sup­pos­ing such to have been formerly de­pos­ited; for it might well hap­pen that strata which had sub­sided some miles near­er to the centre of the earth, and which had been pressed on by an enorm­ous weight of su­per­in­cum­bent wa­ter, might have un­der­gone far more meta­morph­ic ac­tion than strata which have al­ways re­mained near­er to the sur­face. The im­mense areas in some parts of the world, for in­stance in South Amer­ica, of na­ked meta­morph­ic rocks, which must have been heated un­der great pres­sure, have al­ways seemed to me to re­quire some spe­cial ex­plan­a­tion; and we may per­haps be­lieve that we see in these large areas the many form­a­tions long an­teri­or to the Cam­bri­an epoch in a com­pletely meta­morph­osed and de­nuded con­di­tion.

				The sev­er­al dif­fi­culties here dis­cussed, namely, that, though we find in our geo­lo­gic­al form­a­tions many links between the spe­cies which now ex­ist and which formerly ex­is­ted, we do not find in­fin­itely nu­mer­ous fine trans­ition­al forms closely join­ing them all to­geth­er. The sud­den man­ner in which sev­er­al groups of spe­cies first ap­pear in our European form­a­tions, the al­most en­tire ab­sence, as at present known, of form­a­tions rich in fossils be­neath the Cam­bri­an strata, are all un­doubtedly of the most ser­i­ous nature. We see this in the fact that the most em­in­ent pa­lae­on­to­lo­gists, namely, Cu­vi­er, Agassiz, Bar­rande, Pic­t­et, Fal­con­er, E. For­bes, etc., and all our greatest geo­lo­gists, as Lyell, Murch­is­on, Sedg­wick, etc., have un­an­im­ously, of­ten vehe­mently, main­tained the im­mut­ab­il­ity of spe­cies. But Sir Charles Lyell now gives the sup­port of his high au­thor­ity to the op­pos­ite side, and most geo­lo­gists and pa­lae­on­to­lo­gists are much shaken in their former be­lief. Those who be­lieve that the geo­lo­gic­al re­cord is in any de­gree per­fect, will un­doubtedly at once re­ject my the­ory. For my part, fol­low­ing out Lyell’s meta­phor, I look at the geo­lo­gic­al re­cord as a his­tory of the world im­per­fectly kept and writ­ten in a chan­ging dia­lect. Of this his­tory we pos­sess the last volume alone, re­lat­ing only to two or three coun­tries. Of this volume, only here and there a short chapter has been pre­served, and of each page, only here and there a few lines. Each word of the slowly-chan­ging lan­guage, more or less dif­fer­ent in the suc­cess­ive chapters, may rep­res­ent the forms of life, which are en­tombed in our con­sec­ut­ive form­a­tions, and which falsely ap­pear to have been ab­ruptly in­tro­duced. On this view the dif­fi­culties above dis­cussed are greatly di­min­ished or even dis­ap­pear.

			
		
	
		
			
				XI

				On the Geo­lo­gic­al Suc­ces­sion of Or­gan­ic Be­ings

			
			Let us now see wheth­er the sev­er­al facts and laws re­lat­ing to the geo­lo­gic­al suc­ces­sion of or­gan­ic be­ings ac­cord best with the com­mon view of the im­mut­ab­il­ity of spe­cies, or with that of their slow and gradu­al modi­fic­a­tion, through vari­ation and nat­ur­al se­lec­tion.

			New spe­cies have ap­peared very slowly, one after an­oth­er, both on the land and in the wa­ters. Lyell has shown that it is hardly pos­sible to res­ist the evid­ence on this head in the case of the sev­er­al ter­tiary stages; and every year tends to fill up the blanks between the stages, and to make the pro­por­tion between the lost and ex­ist­ing forms more gradu­al. In some of the most re­cent beds, though un­doubtedly of high an­tiquity if meas­ured by years, only one or two spe­cies are ex­tinct, and only one or two are new, hav­ing ap­peared there for the first time, either loc­ally, or, as far as we know, on the face of the earth. The sec­ond­ary form­a­tions are more broken; but, as Bronn has re­marked, neither the ap­pear­ance nor dis­ap­pear­ance of the many spe­cies em­bed­ded in each form­a­tion has been sim­ul­tan­eous.

			Spe­cies be­long­ing to dif­fer­ent gen­era and classes have not changed at the same rate, or in the same de­gree. In the older ter­tiary beds a few liv­ing shells may still be found in the midst of a mul­ti­tude of ex­tinct forms. Fal­con­er has giv­en a strik­ing in­stance of a sim­il­ar fact, for an ex­ist­ing cro­codile is as­so­ci­ated with many lost mam­mals and rep­tiles in the sub-Hi­m­alay­an de­pos­its. The Siluri­an Lin­gula dif­fers but little from the liv­ing spe­cies of this genus; where­as most of the oth­er Siluri­an Mol­luscs and all the Crus­ta­ceans have changed greatly. The pro­duc­tions of the land seem to have changed at a quick­er rate than those of the sea, of which a strik­ing in­stance has been ob­served in Switzer­land. There is some reas­on to be­lieve that or­gan­isms high in the scale, change more quickly than those that are low: though there are ex­cep­tions to this rule. The amount of or­gan­ic change, as Pic­t­et has re­marked, is not the same in each suc­cess­ive so-called form­a­tion. Yet if we com­pare any but the most closely re­lated form­a­tions, all the spe­cies will be found to have un­der­gone some change. When a spe­cies has once dis­ap­peared from the face of the earth, we have no reas­on to be­lieve that the same identic­al form ever re­appears. The strongest ap­par­ent ex­cep­tion to this lat­ter rule is that of the so-called “colon­ies” of M. Bar­rande, which in­trude for a peri­od in the midst of an older form­a­tion, and then al­low the preex­ist­ing fauna to re­appear; but Lyell’s ex­plan­a­tion, namely, that it is a case of tem­por­ary mi­gra­tion from a dis­tinct geo­graph­ic­al province, seems sat­is­fact­ory.

			These sev­er­al facts ac­cord well with our the­ory, which in­cludes no fixed law of de­vel­op­ment, caus­ing all the in­hab­it­ants of an area to change ab­ruptly, or sim­ul­tan­eously, or to an equal de­gree. The pro­cess of modi­fic­a­tion must be slow, and will gen­er­ally af­fect only a few spe­cies at the same time; for the vari­ab­il­ity of each spe­cies is in­de­pend­ent of that of all oth­ers. Wheth­er such vari­ations or in­di­vidu­al dif­fer­ences as may arise will be ac­cu­mu­lated through nat­ur­al se­lec­tion in a great­er or less de­gree, thus caus­ing a great­er or less amount of per­man­ent modi­fic­a­tion, will de­pend on many com­plex con­tin­gen­cies—on the vari­ations be­ing of a be­ne­fi­cial nature, on the free­dom of in­ter­cross­ing, on the slowly chan­ging phys­ic­al con­di­tions of the coun­try, on the im­mig­ra­tion of new col­on­ists, and on the nature of the oth­er in­hab­it­ants with which the vary­ing spe­cies come in­to com­pet­i­tion. Hence it is by no means sur­pris­ing that one spe­cies should re­tain the same identic­al form much longer than oth­ers; or, if chan­ging, should change in a less de­gree. We find sim­il­ar re­la­tions between the ex­ist­ing in­hab­it­ants of dis­tinct coun­tries; for in­stance, the land-shells and co­le­opter­ous in­sects of Madeira have come to dif­fer con­sid­er­ably from their nearest al­lies on the con­tin­ent of Europe, where­as the mar­ine shells and birds have re­mained un­altered. We can per­haps un­der­stand the ap­par­ently quick­er rate of change in ter­restri­al and in more highly or­gan­ised pro­duc­tions com­pared with mar­ine and lower pro­duc­tions, by the more com­plex re­la­tions of the high­er be­ings to their or­gan­ic and in­or­gan­ic con­di­tions of life, as ex­plained in a former chapter. When many of the in­hab­it­ants of any area have be­come mod­i­fied and im­proved, we can un­der­stand, on the prin­ciple of com­pet­i­tion, and from the all-im­port­ant re­la­tions of or­gan­ism to or­gan­ism in the struggle for life, that any form which did not be­come in some de­gree mod­i­fied and im­proved, would be li­able to ex­term­in­a­tion. Hence, we see why all the spe­cies in the same re­gion do at last, if we look to long enough in­ter­vals of time, be­come mod­i­fied; for oth­er­wise they would be­come ex­tinct.

			In mem­bers of the same class the av­er­age amount of change, dur­ing long and equal peri­ods of time, may, per­haps, be nearly the same; but as the ac­cu­mu­la­tion of en­dur­ing form­a­tions, rich in fossils, de­pends on great masses of sed­i­ment be­ing de­pos­ited on sub­sid­ing areas, our form­a­tions have been al­most ne­ces­sar­ily ac­cu­mu­lated at wide and ir­reg­u­larly in­ter­mit­tent in­ter­vals of time; con­sequently the amount of or­gan­ic change ex­hib­ited by the fossils em­bed­ded in con­sec­ut­ive form­a­tions is not equal. Each form­a­tion, on this view, does not mark a new and com­plete act of cre­ation, but only an oc­ca­sion­al scene, taken al­most at haz­ard, in an ever slowly chan­ging drama.

			We can clearly un­der­stand why a spe­cies when once lost should nev­er re­appear, even if the very same con­di­tions of life, or­gan­ic and in­or­gan­ic, should re­cur. For though the off­spring of one spe­cies might be ad­ap­ted (and no doubt this has oc­curred in in­nu­mer­able in­stances) to fill the place of an­oth­er spe­cies in the eco­nomy of nature, and thus sup­plant it; yet the two forms—the old and the new—would not be identic­ally the same; for both would al­most cer­tainly in­her­it dif­fer­ent char­ac­ters from their dis­tinct pro­gen­it­ors; and or­gan­isms already dif­fer­ing would vary in a dif­fer­ent man­ner. For in­stance, it is pos­sible, if all our fan­tail-pi­geons were des­troyed, that fan­ci­ers might make a new breed hardly dis­tin­guish­able from the present breed; but if the par­ent rock-pi­geon were like­wise des­troyed, and un­der nature we have every reas­on to be­lieve that par­ent forms are gen­er­ally sup­planted and ex­term­in­ated by their im­proved off­spring, it is in­cred­ible that a fan­tail, identic­al with the ex­ist­ing breed, could be raised from any oth­er spe­cies of pi­geon, or even from any oth­er well es­tab­lished race of the do­mest­ic pi­geon, for the suc­cess­ive vari­ations would al­most cer­tainly be in some de­gree dif­fer­ent, and the newly-formed vari­ety would prob­ably in­her­it from its pro­gen­it­or some char­ac­ter­ist­ic dif­fer­ences.

			Groups of spe­cies, that is, gen­era and fam­il­ies, fol­low the same gen­er­al rules in their ap­pear­ance and dis­ap­pear­ance as do single spe­cies, chan­ging more or less quickly, and in a great­er or less­er de­gree. A group, when it has once dis­ap­peared, nev­er re­appears; that is, its ex­ist­ence, as long as it lasts, is con­tinu­ous. I am aware that there are some ap­par­ent ex­cep­tions to this rule, but the ex­cep­tions are sur­pris­ingly few, so few that E. For­bes, Pic­t­et, and Wood­ward (though all strongly op­posed to such views as I main­tain) ad­mit its truth; and the rule strictly ac­cords with the the­ory. For all the spe­cies of the same group, how­ever long it may have las­ted, are the mod­i­fied des­cend­ants one from the oth­er, and all from a com­mon pro­gen­it­or. In the genus Lin­gula, for in­stance, the spe­cies which have suc­cess­ively ap­peared at all ages must have been con­nec­ted by an un­broken series of gen­er­a­tions, from the low­est Siluri­an strat­um to the present day.

			We have seen in the last chapter that whole groups of spe­cies some­times falsely ap­pear to have been ab­ruptly de­veloped; and I have at­temp­ted to give an ex­plan­a­tion of this fact, which if true would be fatal to my views. But such cases are cer­tainly ex­cep­tion­al; the gen­er­al rule be­ing a gradu­al in­crease in num­ber, un­til the group reaches its max­im­um, and then, soon­er or later, a gradu­al de­crease. If the num­ber of the spe­cies in­cluded with­in a genus, or the num­ber of the gen­era with­in a fam­ily, be rep­res­en­ted by a ver­tic­al line of vary­ing thick­ness, as­cend­ing through the suc­cess­ive geo­lo­gic­al form­a­tions, in which the spe­cies are found, the line will some­times falsely ap­pear to be­gin at its lower end, not in a sharp point, but ab­ruptly; it then gradu­ally thick­ens up­wards, of­ten keep­ing of equal thick­ness for a space, and ul­ti­mately thins out in the up­per beds, mark­ing the de­crease and fi­nal ex­tinc­tion of the spe­cies. This gradu­al in­crease in num­ber of the spe­cies of a group is strictly con­form­able with the the­ory; for the spe­cies of the same genus, and the gen­era of the same fam­ily, can in­crease only slowly and pro­gress­ively; the pro­cess of modi­fic­a­tion and the pro­duc­tion of a num­ber of al­lied forms ne­ces­sar­ily be­ing a slow and gradu­al pro­cess, one spe­cies first giv­ing rise to two or three vari­et­ies, these be­ing slowly con­ver­ted in­to spe­cies, which in their turn pro­duce by equally slow steps oth­er vari­et­ies and spe­cies, and so on, like the branch­ing of a great tree from a single stem, till the group be­comes large.

			
				On Extinction

				We have as yet only spoken in­cid­ent­ally of the dis­ap­pear­ance of spe­cies and of groups of spe­cies. On the the­ory of nat­ur­al se­lec­tion, the ex­tinc­tion of old forms and the pro­duc­tion of new and im­proved forms are in­tim­ately con­nec­ted to­geth­er. The old no­tion of all the in­hab­it­ants of the earth hav­ing been swept away by cata­strophes at suc­cess­ive peri­ods is very gen­er­ally giv­en up, even by those geo­lo­gists, as Elie de Beau­mont, Murch­is­on, Bar­rande, etc., whose gen­er­al views would nat­ur­ally lead them to this con­clu­sion. On the con­trary, we have every reas­on to be­lieve, from the study of the ter­tiary form­a­tions, that spe­cies and groups of spe­cies gradu­ally dis­ap­pear, one after an­oth­er, first from one spot, then from an­oth­er, and fi­nally from the world. In some few cases, how­ever, as by the break­ing of an isth­mus and the con­sequent ir­rup­tion of a mul­ti­tude of new in­hab­it­ants in­to an ad­join­ing sea, or by the fi­nal sub­sid­ence of an is­land, the pro­cess of ex­tinc­tion may have been rap­id. Both single spe­cies and whole groups of spe­cies last for very un­equal peri­ods; some groups, as we have seen, have en­dured from the earli­est known dawn of life to the present day; some have dis­ap­peared be­fore the close of the pa­laeo­zo­ic peri­od. No fixed law seems to de­term­ine the length of time dur­ing which any single spe­cies or any single genus en­dures. There is reas­on to be­lieve that the ex­tinc­tion of a whole group of spe­cies is gen­er­ally a slower pro­cess than their pro­duc­tion: if their ap­pear­ance and dis­ap­pear­ance be rep­res­en­ted, as be­fore, by a ver­tic­al line of vary­ing thick­ness the line is found to taper more gradu­ally at its up­per end, which marks the pro­gress of ex­term­in­a­tion, than at its lower end, which marks the first ap­pear­ance and the early in­crease in num­ber of the spe­cies. In some cases, how­ever, the ex­term­in­a­tion of whole groups, as of am­mon­ites, to­wards the close of the sec­ond­ary peri­od, has been won­der­fully sud­den.

				The ex­tinc­tion of spe­cies has been in­volved in the most gra­tu­it­ous mys­tery. Some au­thors have even sup­posed that, as the in­di­vidu­al has a def­in­ite length of life, so have spe­cies a def­in­ite dur­a­tion. No one can have mar­velled more than I have done at the ex­tinc­tion of spe­cies. When I found in La Plata the tooth of a horse em­bed­ded with the re­mains of Mas­to­don, Mega­theri­um, Tox­odon and oth­er ex­tinct mon­sters, which all co­ex­is­ted with still liv­ing shells at a very late geo­lo­gic­al peri­od, I was filled with as­ton­ish­ment; for, see­ing that the horse, since its in­tro­duc­tion by the Span­iards in­to South Amer­ica, has run wild over the whole coun­try and has in­creased in num­bers at an un­par­alleled rate, I asked my­self what could so re­cently have ex­term­in­ated the former horse un­der con­di­tions of life ap­par­ently so fa­vour­able. But my as­ton­ish­ment was ground­less. Pro­fess­or Owen soon per­ceived that the tooth, though so like that of the ex­ist­ing horse, be­longed to an ex­tinct spe­cies. Had this horse been still liv­ing, but in some de­gree rare, no nat­ur­al­ist would have felt the least sur­prise at its rar­ity; for rar­ity is the at­trib­ute of a vast num­ber of spe­cies of all classes, in all coun­tries. If we ask ourselves why this or that spe­cies is rare, we an­swer that some­thing is un­fa­vour­able in its con­di­tions of life; but what that some­thing is, we can hardly ever tell. On the sup­pos­i­tion of the fossil horse still ex­ist­ing as a rare spe­cies, we might have felt cer­tain, from the ana­logy of all oth­er mam­mals, even of the slow-breed­ing ele­phant, and from the his­tory of the nat­ur­al­isa­tion of the do­mest­ic horse in South Amer­ica, that un­der more fa­vour­able con­di­tions it would in a very few years have stocked the whole con­tin­ent. But we could not have told what the un­fa­vour­able con­di­tions were which checked its in­crease, wheth­er some one or sev­er­al con­tin­gen­cies, and at what peri­od of the horse’s life, and in what de­gree they sev­er­ally ac­ted. If the con­di­tions had gone on, how­ever slowly, be­com­ing less and less fa­vour­able, we as­suredly should not have per­ceived the fact, yet the fossil horse would cer­tainly have be­come rarer and rarer, and fi­nally ex­tinct—its place be­ing seized on by some more suc­cess­ful com­pet­it­or.

				It is most dif­fi­cult al­ways to re­mem­ber that the in­crease of every liv­ing creature is con­stantly be­ing checked by un­per­ceived hos­tile agen­cies; and that these same un­per­ceived agen­cies are amply suf­fi­cient to cause rar­ity, and fi­nally ex­tinc­tion. So little is this sub­ject un­der­stood, that I have heard sur­prise re­peatedly ex­pressed at such great mon­sters as the Mas­to­don and the more an­cient Di­no­saur­i­ans hav­ing be­come ex­tinct; as if mere bod­ily strength gave vic­tory in the battle of life. Mere size, on the con­trary, would in some cases de­term­ine, as has been re­marked by Owen, quick­er ex­term­in­a­tion, from the great­er amount of re­quis­ite food. Be­fore man in­hab­ited In­dia or Africa, some cause must have checked the con­tin­ued in­crease of the ex­ist­ing ele­phant. A highly cap­able judge, Dr. Fal­con­er, be­lieves that it is chiefly in­sects which, from in­cess­antly har­ass­ing and weak­en­ing the ele­phant in In­dia, check its in­crease; and this was Bruce’s con­clu­sion with re­spect to the Afric­an ele­phant in Abyssin­ia. It is cer­tain that in­sects and blood­suck­ing bats de­term­ine the ex­ist­ence of the lar­ger nat­ur­al­ised quad­ru­peds in sev­er­al parts of South Amer­ica.

				We see in many cases in the more re­cent ter­tiary form­a­tions that rar­ity pre­cedes ex­tinc­tion; and we know that this has been the pro­gress of events with those an­im­als which have been ex­term­in­ated, either loc­ally or wholly, through man’s agency. I may re­peat what I pub­lished in 1845, namely, that to ad­mit that spe­cies gen­er­ally be­come rare be­fore they be­come ex­tinct—to feel no sur­prise at the rar­ity of a spe­cies, and yet to mar­vel greatly when the spe­cies ceases to ex­ist, is much the same as to ad­mit that sick­ness in the in­di­vidu­al is the fore­run­ner of death—to feel no sur­prise at sick­ness, but, when the sick man dies, to won­der and to sus­pect that he died by some deed of vi­ol­ence.

				The the­ory of nat­ur­al se­lec­tion is groun­ded on the be­lief that each new vari­ety and ul­ti­mately each new spe­cies, is pro­duced and main­tained by hav­ing some ad­vant­age over those with which it comes in­to com­pet­i­tion; and the con­sequent ex­tinc­tion of less-fa­voured forms al­most in­ev­it­ably fol­lows. It is the same with our do­mest­ic pro­duc­tions: when a new and slightly im­proved vari­ety has been raised, it at first sup­plants the less im­proved vari­et­ies in the same neigh­bour­hood; when much im­proved it is trans­por­ted far and near, like our short­horn cattle, and takes the place of oth­er breeds in oth­er coun­tries. Thus the ap­pear­ance of new forms and the dis­ap­pear­ance of old forms, both those nat­ur­ally and ar­ti­fi­cially pro­duced, are bound to­geth­er. In flour­ish­ing groups, the num­ber of new spe­cif­ic forms which have been pro­duced with­in a giv­en time has at some peri­ods prob­ably been great­er than the num­ber of the old spe­cif­ic forms which have been ex­term­in­ated; but we know that spe­cies have not gone on in­def­in­itely in­creas­ing, at least dur­ing the later geo­lo­gic­al epochs, so that, look­ing to later times, we may be­lieve that the pro­duc­tion of new forms has caused the ex­tinc­tion of about the same num­ber of old forms.

				The com­pet­i­tion will gen­er­ally be most severe, as formerly ex­plained and il­lus­trated by ex­amples, between the forms which are most like each oth­er in all re­spects. Hence the im­proved and mod­i­fied des­cend­ants of a spe­cies will gen­er­ally cause the ex­term­in­a­tion of the par­ent-spe­cies; and if many new forms have been de­veloped from any one spe­cies, the nearest al­lies of that spe­cies, i.e. the spe­cies of the same genus, will be the most li­able to ex­term­in­a­tion. Thus, as I be­lieve, a num­ber of new spe­cies des­cen­ded from one spe­cies, that is a new genus, comes to sup­plant an old genus, be­long­ing to the same fam­ily. But it must of­ten have happened that a new spe­cies be­long­ing to some one group has seized on the place oc­cu­pied by a spe­cies be­long­ing to a dis­tinct group, and thus have caused its ex­term­in­a­tion. If many al­lied forms be de­veloped from the suc­cess­ful in­truder, many will have to yield their places; and it will gen­er­ally be the al­lied forms, which will suf­fer from some in­her­ited in­feri­or­ity in com­mon. But wheth­er it be spe­cies be­long­ing to the same or to a dis­tinct class, which have yiel­ded their places to oth­er mod­i­fied and im­proved spe­cies, a few of the suf­fer­ers may of­ten be pre­served for a long time, from be­ing fit­ted to some pe­cu­li­ar line of life, or from in­hab­it­ing some dis­tant and isol­ated sta­tion, where they will have es­caped severe com­pet­i­tion. For in­stance, some spe­cies of Tri­go­nia, a great genus of shells in the sec­ond­ary form­a­tions, sur­vive in the Aus­trali­an seas; and a few mem­bers of the great and al­most ex­tinct group of Ganoid fishes still in­hab­it our fresh wa­ters. There­fore, the ut­ter ex­tinc­tion of a group is gen­er­ally, as we have seen, a slower pro­cess than its pro­duc­tion.

				With re­spect to the ap­par­ently sud­den ex­term­in­a­tion of whole fam­il­ies or or­ders, as of Trilob­ites at the close of the pa­laeo­zo­ic peri­od, and of Am­mon­ites at the close of the sec­ond­ary peri­od, we must re­mem­ber what has been already said on the prob­able wide in­ter­vals of time between our con­sec­ut­ive form­a­tions; and in these in­ter­vals there may have been much slow ex­term­in­a­tion. Moreover, when, by sud­den im­mig­ra­tion or by un­usu­ally rap­id de­vel­op­ment, many spe­cies of a new group have taken pos­ses­sion of an area, many of the older spe­cies will have been ex­term­in­ated in a cor­res­pond­ingly rap­id man­ner; and the forms which thus yield their places will com­monly be al­lied, for they will par­take of the same in­feri­or­ity in com­mon.

				Thus, as it seems to me, the man­ner in which single spe­cies and whole groups of spe­cies be­come ex­tinct ac­cords well with the the­ory of nat­ur­al se­lec­tion. We need not mar­vel at ex­tinc­tion; if we must mar­vel, let it be at our pre­sump­tion in ima­gin­ing for a mo­ment that we un­der­stand the many com­plex con­tin­gen­cies on which the ex­ist­ence of each spe­cies de­pends. If we for­get for an in­stant that each spe­cies tends to in­crease in­or­din­ately, and that some check is al­ways in ac­tion, yet sel­dom per­ceived by us, the whole eco­nomy of nature will be ut­terly ob­scured. Whenev­er we can pre­cisely say why this spe­cies is more abund­ant in in­di­vidu­als than that; why this spe­cies and not an­oth­er can be nat­ur­al­ised in a giv­en coun­try; then, and not un­til then, we may justly feel sur­prise why we can­not ac­count for the ex­tinc­tion of any par­tic­u­lar spe­cies or group of spe­cies.

			
			
				On the Forms of Life Changing Almost Simultaneously Throughout the World

				Scarcely any pa­lae­on­to­lo­gic­al dis­cov­ery is more strik­ing than the fact that the forms of life change al­most sim­ul­tan­eously through­out the world. Thus our European Chalk form­a­tion can be re­cog­nised in many dis­tant re­gions, un­der the most dif­fer­ent cli­mates, where not a frag­ment of the min­er­al chalk it­self can be found; namely, in North Amer­ica, in equat­ori­al South Amer­ica, in Tierra del Fuego, at the Cape of Good Hope, and in the pen­in­sula of In­dia. For at these dis­tant points, the or­gan­ic re­mains in cer­tain beds present an un­mis­tak­able re­semb­lance to those of the Chalk. It is not that the same spe­cies are met with; for in some cases not one spe­cies is identic­ally the same, but they be­long to the same fam­il­ies, gen­era, and sec­tions of gen­era, and some­times are sim­il­arly char­ac­ter­ised in such tri­fling points as mere su­per­fi­cial sculp­ture. Moreover, oth­er forms, which are not found in the Chalk of Europe, but which oc­cur in the form­a­tions either above or be­low, oc­cur in the same or­der at these dis­tant points of the world. In the sev­er­al suc­cess­ive pa­laeo­zo­ic form­a­tions of Rus­sia, West­ern Europe and North Amer­ica, a sim­il­ar par­al­lel­ism in the forms of life has been ob­served by sev­er­al au­thors; so it is, ac­cord­ing to Lyell, with the European and North Amer­ic­an ter­tiary de­pos­its. Even if the few fossil spe­cies which are com­mon to the Old and New Worlds were kept wholly out of view, the gen­er­al par­al­lel­ism in the suc­cess­ive forms of life, in the pa­laeo­zo­ic and ter­tiary stages, would still be mani­fest, and the sev­er­al form­a­tions could be eas­ily cor­rel­ated.

				These ob­ser­va­tions, how­ever, re­late to the mar­ine in­hab­it­ants of the world: we have not suf­fi­cient data to judge wheth­er the pro­duc­tions of the land and of fresh wa­ter at dis­tant points change in the same par­al­lel man­ner. We may doubt wheth­er they have thus changed: if the Mega­theri­um, Mylodon, Mac­rauchenia, and Tox­odon had been brought to Europe from La Plata, without any in­form­a­tion in re­gard to their geo­lo­gic­al po­s­i­tion, no one would have sus­pec­ted that they had co­ex­is­ted with sea­shells all still liv­ing; but as these an­om­al­ous mon­sters co­ex­is­ted with the Mas­to­don and Horse, it might at least have been in­ferred that they had lived dur­ing one of the later ter­tiary stages.

				When the mar­ine forms of life are spoken of as hav­ing changed sim­ul­tan­eously through­out the world, it must not be sup­posed that this ex­pres­sion relates to the same year, or even to the same cen­tury, or even that it has a very strict geo­lo­gic­al sense; for if all the mar­ine an­im­als now liv­ing in Europe, and all those that lived in Europe dur­ing the pleis­to­cene peri­od (a very re­mote peri­od as meas­ured by years, in­clud­ing the whole gla­cial epoch) were com­pared with those now ex­ist­ing in South Amer­ica or in Aus­tralia, the most skil­ful nat­ur­al­ist would hardly be able to say wheth­er the present or the pleis­to­cene in­hab­it­ants of Europe re­sembled most closely those of the south­ern hemi­sphere. So, again, sev­er­al highly com­pet­ent ob­serv­ers main­tain that the ex­ist­ing pro­duc­tions of the United States are more closely re­lated to those which lived in Europe dur­ing cer­tain late ter­tiary stages, than to the present in­hab­it­ants of Europe; and if this be so, it is evid­ent that fos­silifer­ous beds now de­pos­ited on the shores of North Amer­ica would here­after be li­able to be classed with some­what older European beds. Nev­er­the­less, look­ing to a re­motely fu­ture epoch, there can be little doubt that all the more mod­ern mar­ine form­a­tions, namely, the up­per plio­cene, the pleis­to­cene and strictly mod­ern beds of Europe, North and South Amer­ica, and Aus­tralia, from con­tain­ing fossil re­mains in some de­gree al­lied, and from not in­clud­ing those forms which are found only in the older un­der­ly­ing de­pos­its, would be cor­rectly ranked as sim­ul­tan­eous in a geo­lo­gic­al sense.

				The fact of the forms of life chan­ging sim­ul­tan­eously in the above large sense, at dis­tant parts of the world, has greatly struck those ad­mir­able ob­serv­ers, MM. de Verneuil and d’Ar­chi­ac. After re­fer­ring to the par­al­lel­ism of the pa­laeo­zo­ic forms of life in vari­ous parts of Europe, they add, “If struck by this strange se­quence, we turn our at­ten­tion to North Amer­ica, and there dis­cov­er a series of ana­log­ous phe­nom­ena, it will ap­pear cer­tain that all these modi­fic­a­tions of spe­cies, their ex­tinc­tion, and the in­tro­duc­tion of new ones, can­not be ow­ing to mere changes in mar­ine cur­rents or oth­er causes more or less loc­al and tem­por­ary, but de­pend on gen­er­al laws which gov­ern the whole an­im­al king­dom.” M. Bar­rande has made for­cible re­marks to pre­cisely the same ef­fect. It is, in­deed, quite fu­tile to look to changes of cur­rents, cli­mate, or oth­er phys­ic­al con­di­tions, as the cause of these great muta­tions in the forms of life through­out the world, un­der the most dif­fer­ent cli­mates. We must, as Bar­rande has re­marked, look to some spe­cial law. We shall see this more clearly when we treat of the present dis­tri­bu­tion of or­gan­ic be­ings, and find how slight is the re­la­tion between the phys­ic­al con­di­tions of vari­ous coun­tries and the nature of their in­hab­it­ants.

				This great fact of the par­al­lel suc­ces­sion of the forms of life through­out the world, is ex­plic­able on the the­ory of nat­ur­al se­lec­tion. New spe­cies are formed by hav­ing some ad­vant­age over older forms; and the forms, which are already dom­in­ant, or have some ad­vant­age over the oth­er forms in their own coun­try, give birth to the greatest num­ber of new vari­et­ies or in­cip­i­ent spe­cies. We have dis­tinct evid­ence on this head, in the plants which are dom­in­ant, that is, which are com­mon­est and most widely dif­fused, pro­du­cing the greatest num­ber of new vari­et­ies. It is also nat­ur­al that the dom­in­ant, vary­ing and far-spread­ing spe­cies, which have already in­vaded, to a cer­tain ex­tent, the ter­rit­or­ies of oth­er spe­cies, should be those which would have the best chance of spread­ing still fur­ther, and of giv­ing rise in new coun­tries to oth­er new vari­et­ies and spe­cies. The pro­cess of dif­fu­sion would of­ten be very slow, de­pend­ing on cli­matal and geo­graph­ic­al changes, on strange ac­ci­dents, and on the gradu­al ac­cli­mat­iz­a­tion of new spe­cies to the vari­ous cli­mates through which they might have to pass, but in the course of time the dom­in­ant forms would gen­er­ally suc­ceed in spread­ing and would ul­ti­mately pre­vail. The dif­fu­sion would, it is prob­able, be slower with the ter­restri­al in­hab­it­ants of dis­tinct con­tin­ents than with the mar­ine in­hab­it­ants of the con­tinu­ous sea. We might there­fore ex­pect to find, as we do find, a less strict de­gree of par­al­lel­ism in the suc­ces­sion of the pro­duc­tions of the land than with those of the sea.

				Thus, as it seems to me, the par­al­lel, and, taken in a large sense, sim­ul­tan­eous, suc­ces­sion of the same forms of life through­out the world, ac­cords well with the prin­ciple of new spe­cies hav­ing been formed by dom­in­ant spe­cies spread­ing widely and vary­ing; the new spe­cies thus pro­duced be­ing them­selves dom­in­ant, ow­ing to their hav­ing had some ad­vant­age over their already dom­in­ant par­ents, as well as over oth­er spe­cies; and again spread­ing, vary­ing, and pro­du­cing new forms. The old forms which are beaten and which yield their places to the new and vic­tori­ous forms, will gen­er­ally be al­lied in groups, from in­her­it­ing some in­feri­or­ity in com­mon; and, there­fore, as new and im­proved groups spread through­out the world, old groups dis­ap­pear from the world; and the suc­ces­sion of forms every­where tends to cor­res­pond both in their first ap­pear­ance and fi­nal dis­ap­pear­ance.

				There is one oth­er re­mark con­nec­ted with this sub­ject worth mak­ing. I have giv­en my reas­ons for be­liev­ing that most of our great form­a­tions, rich in fossils, were de­pos­ited dur­ing peri­ods of sub­sid­ence; and that blank in­ter­vals of vast dur­a­tion, as far as fossils are con­cerned, oc­curred dur­ing the peri­ods when the bed of the sea was either sta­tion­ary or rising, and like­wise when sed­i­ment was not thrown down quickly enough to em­bed and pre­serve or­gan­ic re­mains. Dur­ing these long and blank in­ter­vals I sup­pose that the in­hab­it­ants of each re­gion un­der­went a con­sid­er­able amount of modi­fic­a­tion and ex­tinc­tion, and that there was much mi­gra­tion from oth­er parts of the world. As we have reas­on to be­lieve that large areas are af­fected by the same move­ment, it is prob­able that strictly con­tem­por­an­eous form­a­tions have of­ten been ac­cu­mu­lated over very wide spaces in the same quarter of the world; but we are very far from hav­ing any right to con­clude that this has in­vari­ably been the case, and that large areas have in­vari­ably been af­fected by the same move­ments. When two form­a­tions have been de­pos­ited in two re­gions dur­ing nearly, but not ex­actly, the same peri­od, we should find in both, from the causes ex­plained in the fore­go­ing para­graphs, the same gen­er­al suc­ces­sion in the forms of life; but the spe­cies would not ex­actly cor­res­pond; for there will have been a little more time in the one re­gion than in the oth­er for modi­fic­a­tion, ex­tinc­tion, and im­mig­ra­tion.

				I sus­pect that cases of this nature oc­cur in Europe. Mr. Prestwich, in his ad­mir­able Mem­oirs on the eo­cene de­pos­its of Eng­land and France, is able to draw a close gen­er­al par­al­lel­ism between the suc­cess­ive stages in the two coun­tries; but when he com­pares cer­tain stages in Eng­land with those in France, al­though he finds in both a curi­ous ac­cord­ance in the num­bers of the spe­cies be­long­ing to the same gen­era, yet the spe­cies them­selves dif­fer in a man­ner very dif­fi­cult to ac­count for con­sid­er­ing the prox­im­ity of the two areas, un­less, in­deed, it be as­sumed that an isth­mus sep­ar­ated two seas in­hab­ited by dis­tinct, but con­tem­por­an­eous faunas. Lyell has made sim­il­ar ob­ser­va­tions on some of the later ter­tiary form­a­tions. Bar­rande, also, shows that there is a strik­ing gen­er­al par­al­lel­ism in the suc­cess­ive Siluri­an de­pos­its of Bo­hemia and Scand­inavia; nev­er­the­less he finds a sur­pris­ing amount of dif­fer­ence in the spe­cies. If the sev­er­al form­a­tions in these re­gions have not been de­pos­ited dur­ing the same ex­act peri­ods—a form­a­tion in one re­gion of­ten cor­res­pond­ing with a blank in­ter­val in the oth­er—and if in both re­gions the spe­cies have gone on slowly chan­ging dur­ing the ac­cu­mu­la­tion of the sev­er­al form­a­tions and dur­ing the long in­ter­vals of time between them; in this case the sev­er­al form­a­tions in the two re­gions could be ar­ranged in the same or­der, in ac­cord­ance with the gen­er­al suc­ces­sion of the forms of life, and the or­der would falsely ap­pear to be strictly par­al­lel; nev­er­the­less the spe­cies would not all be the same in the ap­par­ently cor­res­pond­ing stages in the two re­gions.

			
			
				On the Affinities of Extinct Species to Each Other, and to Living Forms

				Let us now look to the mu­tu­al af­fin­it­ies of ex­tinct and liv­ing spe­cies. All fall in­to a few grand classes; and this fact is at once ex­plained on the prin­ciple of des­cent. The more an­cient any form is, the more, as a gen­er­al rule, it dif­fers from liv­ing forms. But, as Buck­land long ago re­marked, ex­tinct spe­cies can all be classed either in still ex­ist­ing groups, or between them. That the ex­tinct forms of life help to fill up the in­ter­vals between ex­ist­ing gen­era, fam­il­ies, and or­ders, is cer­tainly true; but as this state­ment has of­ten been ig­nored or even denied, it may be well to make some re­marks on this sub­ject, and to give some in­stances. If we con­fine our at­ten­tion either to the liv­ing or to the ex­tinct spe­cies of the same class, the series is far less per­fect than if we com­bine both in­to one gen­er­al sys­tem. In the writ­ings of Pro­fess­or Owen we con­tinu­ally meet with the ex­pres­sion of gen­er­al­ised forms, as ap­plied to ex­tinct an­im­als; and in the writ­ings of Agassiz, of proph­et­ic or syn­thet­ic types; and these terms im­ply that such forms are, in fact, in­ter­me­di­ate or con­nect­ing links. An­oth­er dis­tin­guished pa­lae­on­to­lo­gist, M. Gaud­ry, has shown in the most strik­ing man­ner that many of the fossil mam­mals dis­covered by him in At­tica serve to break down the in­ter­vals between ex­ist­ing gen­era. Cu­vi­er ranked the Ru­min­ants and Pa­chy­derms as two of the most dis­tinct or­ders of mam­mals; but so many fossil links have been dis­en­tombed that Owen has had to al­ter the whole clas­si­fic­a­tion, and has placed cer­tain Pa­chy­derms in the same sub­or­der with ru­min­ants; for ex­ample, he dis­solves by grad­a­tions the ap­par­ently wide in­ter­val between the pig and the camel. The Un­gu­lata or hoofed quad­ru­peds are now di­vided in­to the even-toed or odd-toed di­vi­sions; but the Mac­rauchenia of South Amer­ica con­nects to a cer­tain ex­tent these two grand di­vi­sions. No one will deny that the Hip­par­i­on is in­ter­me­di­ate between the ex­ist­ing horse and cer­tain oth­er un­gu­late forms. What a won­der­ful con­nect­ing link in the chain of mam­mals is the Ty­po­theri­um from South Amer­ica, as the name giv­en to it by Pro­fess­or Ger­vais ex­presses, and which can­not be placed in any ex­ist­ing or­der. The Sirenia form a very dis­tinct group of the mam­mals, and one of the most re­mark­able pe­cu­li­ar­it­ies in ex­ist­ing dugong and lamentin is the en­tire ab­sence of hind limbs, without even a rudi­ment be­ing left; but the ex­tinct Ha­litheri­um had, ac­cord­ing to Pro­fess­or Flower, an os­si­fied thigh­bone “ar­tic­u­lated to a well-defined acet­ab­u­lum in the pel­vis,” and it thus makes some ap­proach to or­din­ary hoofed quad­ru­peds, to which the Sirenia are in oth­er re­spects al­lied. The ceta­ceans or whales are widely dif­fer­ent from all oth­er mam­mals, but the ter­tiary Zeug­lodon and Squalodon, which have been placed by some nat­ur­al­ists in an or­der by them­selves, are con­sidered by Pro­fess­or Hux­ley to be un­doubtedly ceta­ceans, “and to con­sti­tute con­nect­ing links with the aquat­ic car­ni­vora.”

				Even the wide in­ter­val between birds and rep­tiles has been shown by the nat­ur­al­ist just quoted to be par­tially bridged over in the most un­ex­pec­ted man­ner, on the one hand, by the os­trich and ex­tinct Ar­cheo­pteryx, and on the oth­er hand by the Compso­gnathus, one of the Di­no­saur­i­ans—that group which in­cludes the most gi­gant­ic of all ter­restri­al rep­tiles. Turn­ing to the In­ver­teb­rata, Bar­rande as­serts, a high­er au­thor­ity could not be named, that he is every day taught that, al­though pa­laeo­zo­ic an­im­als can cer­tainly be classed un­der ex­ist­ing groups, yet that at this an­cient peri­od the groups were not so dis­tinctly sep­ar­ated from each oth­er as they now are.

				Some writers have ob­jec­ted to any ex­tinct spe­cies, or group of spe­cies, be­ing con­sidered as in­ter­me­di­ate between any two liv­ing spe­cies, or groups of spe­cies. If by this term it is meant that an ex­tinct form is dir­ectly in­ter­me­di­ate in all its char­ac­ters between two liv­ing forms or groups, the ob­jec­tion is prob­ably val­id. But in a nat­ur­al clas­si­fic­a­tion many fossil spe­cies cer­tainly stand between liv­ing spe­cies, and some ex­tinct gen­era between liv­ing gen­era, even between gen­era be­long­ing to dis­tinct fam­il­ies. The most com­mon case, es­pe­cially with re­spect to very dis­tinct groups, such as fish and rep­tiles, seems to be that, sup­pos­ing them to be dis­tin­guished at the present day by a score of char­ac­ters, the an­cient mem­bers are sep­ar­ated by a some­what less­er num­ber of char­ac­ters, so that the two groups formerly made a some­what near­er ap­proach to each oth­er than they now do.

				It is a com­mon be­lief that the more an­cient a form is, by so much the more it tends to con­nect by some of its char­ac­ters groups now widely sep­ar­ated from each oth­er. This re­mark no doubt must be re­stric­ted to those groups which have un­der­gone much change in the course of geo­lo­gic­al ages; and it would be dif­fi­cult to prove the truth of the pro­pos­i­tion, for every now and then even a liv­ing an­im­al, as the Lepidosiren, is dis­covered hav­ing af­fin­it­ies dir­ec­ted to­wards very dis­tinct groups. Yet if we com­pare the older Rep­tiles and Bat­ra­chi­ans, the older Fish, the older Ceph­alo­pods, and the eo­cene Mam­mals, with the re­cent mem­bers of the same classes, we must ad­mit that there is truth in the re­mark.

				Let us see how far these sev­er­al facts and in­fer­ences ac­cord with the the­ory of des­cent with modi­fic­a­tion. As the sub­ject is some­what com­plex, I must re­quest the read­er to turn to the dia­gram in the fourth chapter. We may sup­pose that the numbered let­ters in it­al­ics rep­res­ent gen­era, and the dot­ted lines di­ver­ging from them the spe­cies in each genus. The dia­gram is much too simple, too few gen­era and too few spe­cies be­ing giv­en, but this is un­im­port­ant for us. The ho­ri­zont­al lines may rep­res­ent suc­cess­ive geo­lo­gic­al form­a­tions, and all the forms be­neath the up­per­most line may be con­sidered as ex­tinct. The three ex­ist­ing gen­era, a14, q14, p14, will form a small fam­ily; b14 and f14, a closely al­lied fam­ily or sub­fam­ily; and o14, i14, m14, a third fam­ily. These three fam­il­ies, to­geth­er with the many ex­tinct gen­era on the sev­er­al lines of des­cent di­ver­ging from the par­ent form (A) will form an or­der; for all will have in­her­ited some­thing in com­mon from their an­cient pro­gen­it­or. On the prin­ciple of the con­tin­ued tend­ency to di­ver­gence of char­ac­ter, which was formerly il­lus­trated by this dia­gram, the more re­cent any form is the more it will gen­er­ally dif­fer from its an­cient pro­gen­it­or. Hence, we can un­der­stand the rule that the most an­cient fossils dif­fer most from ex­ist­ing forms. We must not, how­ever, as­sume that di­ver­gence of char­ac­ter is a ne­ces­sary con­tin­gency; it de­pends solely on the des­cend­ants from a spe­cies be­ing thus en­abled to seize on many and dif­fer­ent places in the eco­nomy of nature. There­fore it is quite pos­sible, as we have seen in the case of some Siluri­an forms, that a spe­cies might go on be­ing slightly mod­i­fied in re­la­tion to its slightly altered con­di­tions of life, and yet re­tain through­out a vast peri­od the same gen­er­al char­ac­ter­ist­ics. This is rep­res­en­ted in the dia­gram by the let­ter F14.

				All the many forms, ex­tinct and re­cent, des­cen­ded from (A), make, as be­fore re­marked, one or­der; and this or­der, from the con­tin­ued ef­fects of ex­tinc­tion and di­ver­gence of char­ac­ter, has be­come di­vided in­to sev­er­al sub­fam­il­ies and fam­il­ies, some of which are sup­posed to have per­ished at dif­fer­ent peri­ods, and some to have en­dured to the present day.

				By look­ing at the dia­gram we can see that if many of the ex­tinct forms sup­posed to be em­bed­ded in the suc­cess­ive form­a­tions, were dis­covered at sev­er­al points low down in the series, the three ex­ist­ing fam­il­ies on the up­per­most line would be rendered less dis­tinct from each oth­er. If, for in­stance, the gen­era a1, a5, a10, f8, m3, m6, m9, were dis­in­terred, these three fam­il­ies would be so closely linked to­geth­er that they prob­ably would have to be united in­to one great fam­ily, in nearly the same man­ner as has oc­curred with ru­min­ants and cer­tain pa­chy­derms. Yet he who ob­jec­ted to con­sider as in­ter­me­di­ate the ex­tinct gen­era, which thus link to­geth­er the liv­ing gen­era of three fam­il­ies, would be partly jus­ti­fied, for they are in­ter­me­di­ate, not dir­ectly, but only by a long and cir­cuit­ous course through many widely dif­fer­ent forms. If many ex­tinct forms were to be dis­covered above one of the middle ho­ri­zont­al lines or geo­lo­gic­al form­a­tions—for in­stance, above No. VI—but none from be­neath this line, then only two of the fam­il­ies (those on the left hand a14, etc., and b14, etc.) would have to be united in­to one; and there would re­main two fam­il­ies which would be less dis­tinct from each oth­er than they were be­fore the dis­cov­ery of the fossils. So again, if the three fam­il­ies formed of eight gen­era (a14 to m14), on the up­per­most line, be sup­posed to dif­fer from each oth­er by half-a-dozen im­port­ant char­ac­ters, then the fam­il­ies which ex­is­ted at a peri­od marked VI would cer­tainly have differed from each oth­er by a less num­ber of char­ac­ters; for they would at this early stage of des­cent have di­verged in a less de­gree from their com­mon pro­gen­it­or. Thus it comes that an­cient and ex­tinct gen­era are of­ten in a great­er or less de­gree in­ter­me­di­ate in char­ac­ter between their mod­i­fied des­cend­ants, or between their col­lat­er­al re­la­tions.

				Un­der nature the pro­cess will be far more com­plic­ated than is rep­res­en­ted in the dia­gram; for the groups will have been more nu­mer­ous; they will have en­dured for ex­tremely un­equal lengths of time, and will have been mod­i­fied in vari­ous de­grees. As we pos­sess only the last volume of the geo­lo­gic­al re­cord, and that in a very broken con­di­tion, we have no right to ex­pect, ex­cept in rare cases, to fill up the wide in­ter­vals in the nat­ur­al sys­tem, and thus to unite dis­tinct fam­il­ies or or­ders. All that we have a right to ex­pect is, that those groups which have, with­in known geo­lo­gic­al peri­ods, un­der­gone much modi­fic­a­tion, should in the older form­a­tions make some slight ap­proach to each oth­er; so that the older mem­bers should dif­fer less from each oth­er in some of their char­ac­ters than do the ex­ist­ing mem­bers of the same groups; and this by the con­cur­rent evid­ence of our best pa­lae­on­to­lo­gists is fre­quently the case.

				Thus, on the the­ory of des­cent with modi­fic­a­tion, the main facts with re­spect to the mu­tu­al af­fin­it­ies of the ex­tinct forms of life to each oth­er and to liv­ing forms, are ex­plained in a sat­is­fact­ory man­ner. And they are wholly in­ex­plic­able on any oth­er view.

				On this same the­ory, it is evid­ent that the fauna dur­ing any one great peri­od in the earth’s his­tory will be in­ter­me­di­ate in gen­er­al char­ac­ter between that which pre­ceded and that which suc­ceeded it. Thus the spe­cies which lived at the sixth great stage of des­cent in the dia­gram are the mod­i­fied off­spring of those which lived at the fifth stage, and are the par­ents of those which be­came still more mod­i­fied at the sev­enth stage; hence they could hardly fail to be nearly in­ter­me­di­ate in char­ac­ter between the forms of life above and be­low. We must, how­ever, al­low for the en­tire ex­tinc­tion of some pre­ced­ing forms, and in any one re­gion for the im­mig­ra­tion of new forms from oth­er re­gions, and for a large amount of modi­fic­a­tion dur­ing the long and blank in­ter­vals between the suc­cess­ive form­a­tions. Sub­ject to these al­low­ances, the fauna of each geo­lo­gic­al peri­od un­doubtedly is in­ter­me­di­ate in char­ac­ter, between the pre­ced­ing and suc­ceed­ing faunas. I need give only one in­stance, namely, the man­ner in which the fossils of the Devo­ni­an sys­tem, when this sys­tem was first dis­covered, were at once re­cog­nised by pa­lae­on­to­lo­gists as in­ter­me­di­ate in char­ac­ter between those of the overly­ing car­bon­ifer­ous and un­der­ly­ing Siluri­an sys­tems. But each fauna is not ne­ces­sar­ily ex­actly in­ter­me­di­ate, as un­equal in­ter­vals of time have elapsed between con­sec­ut­ive form­a­tions.

				It is no real ob­jec­tion to the truth of the state­ment that the fauna of each peri­od as a whole is nearly in­ter­me­di­ate in char­ac­ter between the pre­ced­ing and suc­ceed­ing faunas, that cer­tain gen­era of­fer ex­cep­tions to the rule. For in­stance, the spe­cies of mas­to­dons and ele­phants, when ar­ranged by Dr. Fal­con­er in two series—in the first place ac­cord­ing to their mu­tu­al af­fin­it­ies, and in the second place ac­cord­ing to their peri­ods of ex­ist­ence—do not ac­cord in ar­range­ment. The spe­cies ex­treme in char­ac­ter are not the old­est or the most re­cent; nor are those which are in­ter­me­di­ate in char­ac­ter, in­ter­me­di­ate in age. But sup­pos­ing for an in­stant, in this and oth­er such cases, that the re­cord of the first ap­pear­ance and dis­ap­pear­ance of the spe­cies was com­plete, which is far from the case, we have no reas­on to be­lieve that forms suc­cess­ively pro­duced ne­ces­sar­ily en­dure for cor­res­pond­ing lengths of time. A very an­cient form may oc­ca­sion­ally have las­ted much longer than a form else­where sub­sequently pro­duced, es­pe­cially in the case of ter­restri­al pro­duc­tions in­hab­it­ing sep­ar­ated dis­tricts. To com­pare small things with great; if the prin­cip­al liv­ing and ex­tinct races of the do­mest­ic pi­geon were ar­ranged in seri­al af­fin­ity, this ar­range­ment would not closely ac­cord with the or­der in time of their pro­duc­tion, and even less with the or­der of their dis­ap­pear­ance; for the par­ent rock-pi­geon still lives; and many vari­et­ies between the rock-pi­geon and the car­ri­er have be­come ex­tinct; and car­ri­ers which are ex­treme in the im­port­ant char­ac­ter of length of beak ori­gin­ated earli­er than short-beaked tum­blers, which are at the op­pos­ite end of the series in this re­spect.

				Closely con­nec­ted with the state­ment, that the or­gan­ic re­mains from an in­ter­me­di­ate form­a­tion are in some de­gree in­ter­me­di­ate in char­ac­ter, is the fact, in­sisted on by all pa­lae­on­to­lo­gists, that fossils from two con­sec­ut­ive form­a­tions are far more closely re­lated to each oth­er, than are the fossils from two re­mote form­a­tions. Pic­t­et gives as a well-known in­stance, the gen­er­al re­semb­lance of the or­gan­ic re­mains from the sev­er­al stages of the Chalk form­a­tion, though the spe­cies are dis­tinct in each stage. This fact alone, from its gen­er­al­ity, seems to have shaken Pro­fess­or Pic­t­et in his be­lief in the im­mut­ab­il­ity of spe­cies. He who is ac­quain­ted with the dis­tri­bu­tion of ex­ist­ing spe­cies over the globe, will not at­tempt to ac­count for the close re­semb­lance of dis­tinct spe­cies in closely con­sec­ut­ive form­a­tions, by the phys­ic­al con­di­tions of the an­cient areas hav­ing re­mained nearly the same. Let it be re­membered that the forms of life, at least those in­hab­it­ing the sea, have changed al­most sim­ul­tan­eously through­out the world, and there­fore un­der the most dif­fer­ent cli­mates and con­di­tions. Con­sider the prodi­gious vi­cis­situdes of cli­mate dur­ing the pleis­to­cene peri­od, which in­cludes the whole gla­cial epoch, and note how little the spe­cif­ic forms of the in­hab­it­ants of the sea have been af­fected.

				On the the­ory of des­cent, the full mean­ing of the fossil re­mains from closely con­sec­ut­ive form­a­tions, be­ing closely re­lated, though ranked as dis­tinct spe­cies, is ob­vi­ous. As the ac­cu­mu­la­tion of each form­a­tion has of­ten been in­ter­rup­ted, and as long blank in­ter­vals have in­ter­vened between suc­cess­ive form­a­tions, we ought not to ex­pect to find, as I at­temp­ted to show in the last chapter, in any one or in any two form­a­tions, all the in­ter­me­di­ate vari­et­ies between the spe­cies which ap­peared at the com­mence­ment and close of these peri­ods: but we ought to find after in­ter­vals, very long as meas­ured by years, but only mod­er­ately long as meas­ured geo­lo­gic­ally, closely al­lied forms, or, as they have been called by some au­thors, rep­res­ent­at­ive spe­cies; and these as­suredly we do find. We find, in short, such evid­ence of the slow and scarcely sens­ible muta­tions of spe­cif­ic forms, as we have the right to ex­pect.

			
			
				On the State of Development of Ancient Compared with Living Forms

				We have seen in the fourth chapter that the de­gree of dif­fer­en­ti­ation and spe­cial­isa­tion of the parts in or­gan­ic be­ings, when ar­rived at ma­tur­ity, is the best stand­ard, as yet sug­ges­ted, of their de­gree of per­fec­tion or high­ness. We have also seen that, as the spe­cial­isa­tion of parts is an ad­vant­age to each be­ing, so nat­ur­al se­lec­tion will tend to render the or­gan­isa­tion of each be­ing more spe­cial­ised and per­fect, and in this sense high­er; not but that it may leave many creatures with simple and un­im­proved struc­tures fit­ted for simple con­di­tions of life, and in some cases will even de­grade or sim­pli­fy the or­gan­isa­tion, yet leav­ing such de­graded be­ings bet­ter fit­ted for their new walks of life. In an­oth­er and more gen­er­al man­ner, new spe­cies be­come su­per­i­or to their pre­de­cessors; for they have to beat in the struggle for life all the older forms, with which they come in­to close com­pet­i­tion. We may there­fore con­clude that if un­der a nearly sim­il­ar cli­mate the eo­cene in­hab­it­ants of the world could be put in­to com­pet­i­tion with the ex­ist­ing in­hab­it­ants, the former would be beaten and ex­term­in­ated by the lat­ter, as would the sec­ond­ary by the eo­cene, and the pa­laeo­zo­ic by the sec­ond­ary forms. So that by this fun­da­ment­al test of vic­tory in the battle for life, as well as by the stand­ard of the spe­cial­isa­tion of or­gans, mod­ern forms ought, on the the­ory of nat­ur­al se­lec­tion, to stand high­er than an­cient forms. Is this the case? A large ma­jor­ity of pa­lae­on­to­lo­gists would an­swer in the af­firm­at­ive; and it seems that this an­swer must be ad­mit­ted as true, though dif­fi­cult of proof.

				It is no val­id ob­jec­tion to this con­clu­sion, that cer­tain Bra­chi­o­pods have been but slightly mod­i­fied from an ex­tremely re­mote geo­lo­gic­al epoch; and that cer­tain land and fresh­wa­ter shells have re­mained nearly the same, from the time when, as far as is known, they first ap­peared. It is not an in­su­per­able dif­fi­culty that Fo­raminifera have not, as in­sisted on by Dr. Car­penter, pro­gressed in or­gan­isa­tion since even the Lauren­tian epoch; for some or­gan­isms would have to re­main fit­ted for simple con­di­tions of life, and what could be bet­ter fit­ted for this end than these lowly or­gan­ised Pro­to­zoa? Such ob­jec­tions as the above would be fatal to my view, if it in­cluded ad­vance in or­gan­isa­tion as a ne­ces­sary con­tin­gent. They would like­wise be fatal, if the above Fo­raminifera, for in­stance, could be proved to have first come in­to ex­ist­ence dur­ing the Lauren­tian epoch, or the above Bra­chi­o­pods dur­ing the Cam­bri­an form­a­tion; for in this case, there would not have been time suf­fi­cient for the de­vel­op­ment of these or­gan­isms up to the stand­ard which they had then reached. When ad­vanced up to any giv­en point, there is no ne­ces­sity, on the the­ory of nat­ur­al se­lec­tion, for their fur­ther con­tin­ued pro­cess; though they will, dur­ing each suc­cess­ive age, have to be slightly mod­i­fied, so as to hold their places in re­la­tion to slight changes in their con­di­tions. The fore­go­ing ob­jec­tions hinge on the ques­tion wheth­er we really know how old the world is, and at what peri­od the vari­ous forms of life first ap­peared; and this may well be dis­puted.

				The prob­lem wheth­er or­gan­isa­tion on the whole has ad­vanced is in many ways ex­cess­ively in­tric­ate. The geo­lo­gic­al re­cord, at all times im­per­fect, does not ex­tend far enough back to show with un­mis­tak­able clear­ness that with­in the known his­tory of the world or­gan­isa­tion has largely ad­vanced. Even at the present day, look­ing to mem­bers of the same class, nat­ur­al­ists are not un­an­im­ous which forms ought to be ranked as highest: thus, some look at the selaceans or sharks, from their ap­proach in some im­port­ant points of struc­ture to rep­tiles, as the highest fish; oth­ers look at the tele­osteans as the highest. The ganoids stand in­ter­me­di­ate between the selaceans and tele­osteans; the lat­ter at the present day are largely pre­pon­der­ant in num­ber; but formerly selaceans and ganoids alone ex­is­ted; and in this case, ac­cord­ing to the stand­ard of high­ness chosen, so will it be said that fishes have ad­vanced or ret­ro­graded in or­gan­isa­tion. To at­tempt to com­pare mem­bers of dis­tinct types in the scale of high­ness seems hope­less; who will de­cide wheth­er a cut­tle­fish be high­er than a bee—that in­sect which the great Von Baer be­lieved to be “in fact more highly or­gan­ised than a fish, al­though upon an­oth­er type?” In the com­plex struggle for life it is quite cred­ible that crus­ta­ceans, not very high in their own class, might beat ceph­alo­pods, the highest mol­luscs; and such crus­ta­ceans, though not highly de­veloped, would stand very high in the scale of in­ver­teb­rate an­im­als, if judged by the most de­cis­ive of all tri­als—the law of battle. Be­side these in­her­ent dif­fi­culties in de­cid­ing which forms are the most ad­vanced in or­gan­isa­tion, we ought not solely to com­pare the highest mem­bers of a class at any two peri­ods—though un­doubtedly this is one and per­haps the most im­port­ant ele­ment in strik­ing a bal­ance—but we ought to com­pare all the mem­bers, high and low, at two peri­ods. At an an­cient epoch the highest and low­est mol­lusc­oid­al an­im­als, namely, ceph­alo­pods and bra­chi­o­pods, swarmed in num­bers; at the present time both groups are greatly re­duced, while oth­ers, in­ter­me­di­ate in or­gan­isa­tion, have largely in­creased; con­sequently some nat­ur­al­ists main­tain that mol­luscs were formerly more highly de­veloped than at present; but a stronger case can be made out on the op­pos­ite side, by con­sid­er­ing the vast re­duc­tion of bra­chi­o­pods, and the fact that our ex­ist­ing ceph­alo­pods, though few in num­ber, are more highly or­gan­ised than their an­cient rep­res­ent­at­ives. We ought also to com­pare the re­l­at­ive pro­por­tion­al num­bers, at any two peri­ods, of the high and low classes through­out the world: if, for in­stance, at the present day fifty thou­sand kinds of ver­teb­rate an­im­als ex­ist, and if we knew that at some former peri­od only ten thou­sand kinds ex­is­ted, we ought to look at this in­crease in num­ber in the highest class, which im­plies a great dis­place­ment of lower forms, as a de­cided ad­vance in the or­gan­isa­tion of the world. We thus see how hope­lessly dif­fi­cult it is to com­pare with per­fect fair­ness, un­der such ex­tremely com­plex re­la­tions, the stand­ard of or­gan­isa­tion of the im­per­fectly-known faunas of suc­cess­ive peri­ods.

				We shall ap­pre­ci­ate this dif­fi­culty more clearly by look­ing to cer­tain ex­ist­ing faunas and flor­as. From the ex­traordin­ary man­ner in which European pro­duc­tions have re­cently spread over New Zea­l­and, and have seized on places which must have been pre­vi­ously oc­cu­pied by the in­di­genes, we must be­lieve, that if all the an­im­als and plants of Great Bri­tain were set free in New Zea­l­and, a mul­ti­tude of Brit­ish forms would in the course of time be­come thor­oughly nat­ur­al­ized there, and would ex­term­in­ate many of the nat­ives. On the oth­er hand, from the fact that hardly a single in­hab­it­ant of the south­ern hemi­sphere has be­come wild in any part of Europe, we may well doubt wheth­er, if all the pro­duc­tions of New Zea­l­and were set free in Great Bri­tain, any con­sid­er­able num­ber would be en­abled to seize on places now oc­cu­pied by our nat­ive plants and an­im­als. Un­der this point of view, the pro­duc­tions of Great Bri­tain stand much high­er in the scale than those of New Zea­l­and. Yet the most skil­ful nat­ur­al­ist, from an ex­am­in­a­tion of the spe­cies of the two coun­tries, could not have fore­seen this res­ult.

				Agassiz and sev­er­al oth­er highly com­pet­ent judges in­sist that an­cient an­im­als re­semble to a cer­tain ex­tent the em­bry­os of re­cent an­im­als be­long­ing to the same classes; and that the geo­lo­gic­al suc­ces­sion of ex­tinct forms is nearly par­al­lel with the em­bry­olo­gic­al de­vel­op­ment of ex­ist­ing forms. This view ac­cords ad­mir­ably well with our the­ory. In a fu­ture chapter I shall at­tempt to show that the adult dif­fers from its em­bryo, ow­ing to vari­ations hav­ing su­per­vened at a not early age, and hav­ing been in­her­ited at a cor­res­pond­ing age. This pro­cess, whilst it leaves the em­bryo al­most un­altered, con­tinu­ally adds, in the course of suc­cess­ive gen­er­a­tions, more and more dif­fer­ence to the adult. Thus the em­bryo comes to be left as a sort of pic­ture, pre­served by nature, of the former and less mod­i­fied con­di­tion of the spe­cies. This view may be true, and yet may nev­er be cap­able of proof. See­ing, for in­stance, that the old­est known mam­mals, rep­tiles, and fishes strictly be­long to their prop­er classes, though some of these old forms are in a slight de­gree less dis­tinct from each oth­er than are the typ­ic­al mem­bers of the same groups at the present day, it would be vain to look for an­im­als hav­ing the com­mon em­bry­olo­gic­al char­ac­ter of the Ver­teb­rata, un­til beds rich in fossils are dis­covered far be­neath the low­est Cam­bri­an strata—a dis­cov­ery of which the chance is small.

			
			
				On the Succession of the Same Types Within the Same Areas, During the Later Tertiary Periods

				Mr. Clift many years ago showed that the fossil mam­mals from the Aus­trali­an caves were closely al­lied to the liv­ing mar­supi­als of that con­tin­ent. In South Amer­ica, a sim­il­ar re­la­tion­ship is mani­fest, even to an un­educated eye, in the gi­gant­ic pieces of ar­mour, like those of the ar­ma­dillo, found in sev­er­al parts of La Plata; and Pro­fess­or Owen has shown in the most strik­ing man­ner that most of the fossil mam­mals, bur­ied there in such num­bers, are re­lated to South Amer­ic­an types. This re­la­tion­ship is even more clearly seen in the won­der­ful col­lec­tion of fossil bones made by MM. Lund and Clausen in the caves of Brazil. I was so much im­pressed with these facts that I strongly in­sisted, in 1839 and 1845, on this “law of the suc­ces­sion of types,”—on “this won­der­ful re­la­tion­ship in the same con­tin­ent between the dead and the liv­ing.” Pro­fess­or Owen has sub­sequently ex­ten­ded the same gen­er­al­isa­tion to the mam­mals of the Old World. We see the same law in this au­thor’s res­tor­a­tions of the ex­tinct and gi­gant­ic birds of New Zea­l­and. We see it also in the birds of the caves of Brazil. Mr. Wood­ward has shown that the same law holds good with sea­shells, but, from the wide dis­tri­bu­tion of most mol­luscs, it is not well dis­played by them. Oth­er cases could be ad­ded, as the re­la­tion between the ex­tinct and liv­ing land-shells of Madeira; and between the ex­tinct and liv­ing brack­ish wa­ter-shells of the Aralo-Caspi­an Sea.

				Now, what does this re­mark­able law of the suc­ces­sion of the same types with­in the same areas mean? He would be a bold man who, after com­par­ing the present cli­mate of Aus­tralia and of parts of South Amer­ica, un­der the same lat­it­ude, would at­tempt to ac­count, on the one hand through dis­sim­il­ar phys­ic­al con­di­tions, for the dis­sim­il­ar­ity of the in­hab­it­ants of these two con­tin­ents; and, on the oth­er hand through sim­il­ar­ity of con­di­tions, for the uni­form­ity of the same types in each con­tin­ent dur­ing the later ter­tiary peri­ods. Nor can it be pre­ten­ded that it is an im­mut­able law that mar­supi­als should have been chiefly or solely pro­duced in Aus­tralia; or that Edentata and oth­er Amer­ic­an types should have been solely pro­duced in South Amer­ica. For we know that Europe in an­cient times was peopled by nu­mer­ous mar­supi­als; and I have shown in the pub­lic­a­tions above al­luded to, that in Amer­ica the law of dis­tri­bu­tion of ter­restri­al mam­mals was formerly dif­fer­ent from what it now is. North Amer­ica formerly par­took strongly of the present char­ac­ter of the south­ern half of the con­tin­ent; and the south­ern half was formerly more closely al­lied, than it is at present, to the north­ern half. In a sim­il­ar man­ner we know, from Fal­con­er and Caut­ley’s dis­cov­er­ies, that North­ern In­dia was formerly more closely re­lated in its mam­mals to Africa than it is at the present time. Ana­log­ous facts could be giv­en in re­la­tion to the dis­tri­bu­tion of mar­ine an­im­als.

				On the the­ory of des­cent with modi­fic­a­tion, the great law of the long en­dur­ing, but not im­mut­able, suc­ces­sion of the same types with­in the same areas, is at once ex­plained; for the in­hab­it­ants of each quarter of the world will ob­vi­ously tend to leave in that quarter, dur­ing the next suc­ceed­ing peri­od of time, closely al­lied though in some de­gree mod­i­fied des­cend­ants. If the in­hab­it­ants of one con­tin­ent formerly differed greatly from those of an­oth­er con­tin­ent, so will their mod­i­fied des­cend­ants still dif­fer in nearly the same man­ner and de­gree. But after very long in­ter­vals of time, and after great geo­graph­ic­al changes, per­mit­ting much in­ter­migra­tion, the feebler will yield to the more dom­in­ant forms, and there will be noth­ing im­mut­able in the dis­tri­bu­tion of or­gan­ic be­ings.

				It may be asked in ri­dicule wheth­er I sup­pose that the mega­theri­um and oth­er al­lied huge mon­sters, which formerly lived in South Amer­ica, have left be­hind them the sloth, ar­ma­dillo, and anteat­er, as their de­gen­er­ate des­cend­ants. This can­not for an in­stant be ad­mit­ted. These huge an­im­als have be­come wholly ex­tinct, and have left no pro­geny. But in the caves of Brazil there are many ex­tinct spe­cies which are closely al­lied in size and in all oth­er char­ac­ters to the spe­cies still liv­ing in South Amer­ica; and some of these fossils may have been the ac­tu­al pro­gen­it­ors of the liv­ing spe­cies. It must not be for­got­ten that, on our the­ory, all the spe­cies of the same genus are the des­cend­ants of some one spe­cies; so that, if six gen­era, each hav­ing eight spe­cies, be found in one geo­lo­gic­al form­a­tion, and in a suc­ceed­ing form­a­tion there be six oth­er al­lied or rep­res­ent­at­ive gen­era, each with the same num­ber of spe­cies, then we may con­clude that gen­er­ally only one spe­cies of each of the older gen­era has left mod­i­fied des­cend­ants, which con­sti­tute the new gen­era con­tain­ing the sev­er­al spe­cies; the oth­er sev­en spe­cies of each old genus hav­ing died out and left no pro­geny. Or, and this will be a far com­mon­er case, two or three spe­cies in two or three alone of the six older gen­era will be the par­ents of the new gen­era: the oth­er spe­cies and the oth­er old gen­era hav­ing be­come ut­terly ex­tinct. In fail­ing or­ders, with the gen­era and spe­cies de­creas­ing in num­bers as is the case with the Edentata of South Amer­ica, still few­er gen­era and spe­cies will leave mod­i­fied blood-des­cend­ants.

			
			
				Summary of the Preceding and Present Chapters

				I have at­temp­ted to show that the geo­lo­gic­al re­cord is ex­tremely im­per­fect; that only a small por­tion of the globe has been geo­lo­gic­ally ex­plored with care; that only cer­tain classes of or­gan­ic be­ings have been largely pre­served in a fossil state; that the num­ber both of spe­ci­mens and of spe­cies, pre­served in our mu­seums, is ab­so­lutely as noth­ing com­pared with the num­ber of gen­er­a­tions which must have passed away even dur­ing a single form­a­tion; that, ow­ing to sub­sid­ence be­ing al­most ne­ces­sary for the ac­cu­mu­la­tion of de­pos­its rich in fossil spe­cies of many kinds, and thick enough to out­last fu­ture de­grad­a­tion, great in­ter­vals of time must have elapsed between most of our suc­cess­ive form­a­tions; that there has prob­ably been more ex­tinc­tion dur­ing the peri­ods of sub­sid­ence, and more vari­ation dur­ing the peri­ods of el­ev­a­tion, and dur­ing the lat­ter the re­cord will have been least per­fectly kept; that each single form­a­tion has not been con­tinu­ously de­pos­ited; that the dur­a­tion of each form­a­tion is prob­ably short com­pared with the av­er­age dur­a­tion of spe­cif­ic forms; that mi­gra­tion has played an im­port­ant part in the first ap­pear­ance of new forms in any one area and form­a­tion; that widely ran­ging spe­cies are those which have var­ied most fre­quently, and have of­ten­est giv­en rise to new spe­cies; that vari­et­ies have at first been loc­al; and lastly, al­though each spe­cies must have passed through nu­mer­ous trans­ition­al stages, it is prob­able that the peri­ods, dur­ing which each un­der­went modi­fic­a­tion, though many and long as meas­ured by years, have been short in com­par­is­on with the peri­ods dur­ing which each re­mained in an un­changed con­di­tion. These causes, taken con­jointly, will to a large ex­tent ex­plain why—though we do find many links—we do not find in­ter­min­able vari­et­ies, con­nect­ing to­geth­er all ex­tinct and ex­ist­ing forms by the finest gradu­ated steps. It should also be con­stantly borne in mind that any link­ing vari­ety between two forms, which might be found, would be ranked, un­less the whole chain could be per­fectly re­stored, as a new and dis­tinct spe­cies; for it is not pre­ten­ded that we have any sure cri­terion by which spe­cies and vari­et­ies can be dis­crim­in­ated.

				He who re­jects this view of the im­per­fec­tion of the geo­lo­gic­al re­cord, will rightly re­ject the whole the­ory. For he may ask in vain where are the num­ber­less trans­ition­al links which must formerly have con­nec­ted the closely al­lied or rep­res­ent­at­ive spe­cies, found in the suc­cess­ive stages of the same great form­a­tion? He may dis­be­lieve in the im­mense in­ter­vals of time which must have elapsed between our con­sec­ut­ive form­a­tions; he may over­look how im­port­ant a part mi­gra­tion has played, when the form­a­tions of any one great re­gion, as those of Europe, are con­sidered; he may urge the ap­par­ent, but of­ten falsely ap­par­ent, sud­den com­ing in of whole groups of spe­cies. He may ask where are the re­mains of those in­fin­itely nu­mer­ous or­gan­isms which must have ex­is­ted long be­fore the Cam­bri­an sys­tem was de­pos­ited? We now know that at least one an­im­al did then ex­ist; but I can an­swer this last ques­tion only by sup­pos­ing that where our oceans now ex­tend they have ex­ten­ded for an enorm­ous peri­od, and where our os­cil­lat­ing con­tin­ents now stand they have stood since the com­mence­ment of the Cam­bri­an sys­tem; but that, long be­fore that epoch, the world presen­ted a widely dif­fer­ent as­pect; and that the older con­tin­ents, formed of form­a­tions older than any known to us, ex­ist now only as rem­nants in a meta­morph­osed con­di­tion, or lie still bur­ied un­der the ocean.

				Passing from these dif­fi­culties, the oth­er great lead­ing facts in pa­lae­on­to­logy agree ad­mir­ably with the the­ory of des­cent with modi­fic­a­tion through vari­ation and nat­ur­al se­lec­tion. We can thus un­der­stand how it is that new spe­cies come in slowly and suc­cess­ively; how spe­cies of dif­fer­ent classes do not ne­ces­sar­ily change to­geth­er, or at the same rate, or in the same de­gree; yet in the long run that all un­der­go modi­fic­a­tion to some ex­tent. The ex­tinc­tion of old forms is the al­most in­ev­it­able con­sequence of the pro­duc­tion of new forms. We can un­der­stand why, when a spe­cies has once dis­ap­peared, it nev­er re­appears. Groups of spe­cies in­crease in num­bers slowly, and en­dure for un­equal peri­ods of time; for the pro­cess of modi­fic­a­tion is ne­ces­sar­ily slow, and de­pends on many com­plex con­tin­gen­cies. The dom­in­ant spe­cies be­long­ing to large and dom­in­ant groups tend to leave many mod­i­fied des­cend­ants, which form new sub­groups and groups. As these are formed, the spe­cies of the less vig­or­ous groups, from their in­feri­or­ity in­her­ited from a com­mon pro­gen­it­or, tend to be­come ex­tinct to­geth­er, and to leave no mod­i­fied off­spring on the face of the earth. But the ut­ter ex­tinc­tion of a whole group of spe­cies has some­times been a slow pro­cess, from the sur­viv­al of a few des­cend­ants, linger­ing in pro­tec­ted and isol­ated situ­ations. When a group has once wholly dis­ap­peared, it does not re­appear; for the link of gen­er­a­tion has been broken.

				We can un­der­stand how it is that dom­in­ant forms which spread widely and yield the greatest num­ber of vari­et­ies tend to people the world with al­lied, but mod­i­fied, des­cend­ants; and these will gen­er­ally suc­ceed in dis­pla­cing the groups which are their in­feri­ors in the struggle for ex­ist­ence. Hence, after long in­ter­vals of time, the pro­duc­tions of the world ap­pear to have changed sim­ul­tan­eously.

				We can un­der­stand how it is that all the forms of life, an­cient and re­cent, make to­geth­er a few grand classes. We can un­der­stand, from the con­tin­ued tend­ency to di­ver­gence of char­ac­ter, why the more an­cient a form is, the more it gen­er­ally dif­fers from those now liv­ing. Why an­cient and ex­tinct forms of­ten tend to fill up gaps between ex­ist­ing forms, some­times blend­ing two groups, pre­vi­ously classed as dis­tinct in­to one; but more com­monly bring­ing them only a little closer to­geth­er. The more an­cient a form is, the more of­ten it stands in some de­gree in­ter­me­di­ate between groups now dis­tinct; for the more an­cient a form is, the more nearly it will be re­lated to, and con­sequently re­semble, the com­mon pro­gen­it­or of groups, since be­come widely di­ver­gent. Ex­tinct forms are sel­dom dir­ectly in­ter­me­di­ate between ex­ist­ing forms; but are in­ter­me­di­ate only by a long and cir­cuit­ous course through oth­er ex­tinct and dif­fer­ent forms. We can clearly see why the or­gan­ic re­mains of closely con­sec­ut­ive form­a­tions are closely al­lied; for they are closely linked to­geth­er by gen­er­a­tion. We can clearly see why the re­mains of an in­ter­me­di­ate form­a­tion are in­ter­me­di­ate in char­ac­ter.

				The in­hab­it­ants of the world at each suc­cess­ive peri­od in its his­tory have beaten their pre­de­cessors in the race for life, and are, in so far, high­er in the scale, and their struc­ture has gen­er­ally be­come more spe­cial­ised; and this may ac­count for the com­mon be­lief held by so many pa­lae­on­to­lo­gists, that or­gan­isa­tion on the whole has pro­gressed. Ex­tinct and an­cient an­im­als re­semble to a cer­tain ex­tent the em­bry­os of the more re­cent an­im­als be­long­ing to the same classes, and this won­der­ful fact re­ceives a simple ex­plan­a­tion ac­cord­ing to our views. The suc­ces­sion of the same types of struc­ture with­in the same areas dur­ing the later geo­lo­gic­al peri­ods ceases to be mys­ter­i­ous, and is in­tel­li­gible on the prin­ciple of in­her­it­ance.

				If, then, the geo­lo­gic­al re­cord be as im­per­fect as many be­lieve, and it may at least be as­ser­ted that the re­cord can­not be proved to be much more per­fect, the main ob­jec­tions to the the­ory of nat­ur­al se­lec­tion are greatly di­min­ished or dis­ap­pear. On the oth­er hand, all the chief laws of pa­lae­on­to­logy plainly pro­claim, as it seems to me, that spe­cies have been pro­duced by or­din­ary gen­er­a­tion: old forms hav­ing been sup­planted by new and im­proved forms of life, the products of vari­ation and the sur­viv­al of the fit­test.

			
		
	
		
			
				XII

				Geo­graph­ic­al Dis­tri­bu­tion

			
			In con­sid­er­ing the dis­tri­bu­tion of or­gan­ic be­ings over the face of the globe, the first great fact which strikes us is, that neither the sim­il­ar­ity nor the dis­sim­il­ar­ity of the in­hab­it­ants of vari­ous re­gions can be wholly ac­coun­ted for by cli­matal and oth­er phys­ic­al con­di­tions. Of late, al­most every au­thor who has stud­ied the sub­ject has come to this con­clu­sion. The case of Amer­ica alone would al­most suf­fice to prove its truth; for if we ex­clude the arc­tic and north­ern tem­per­ate parts, all au­thors agree that one of the most fun­da­ment­al di­vi­sions in geo­graph­ic­al dis­tri­bu­tion is that between the New and Old Worlds; yet if we travel over the vast Amer­ic­an con­tin­ent, from the cent­ral parts of the United States to its ex­treme south­ern point, we meet with the most di­ver­si­fied con­di­tions; hu­mid dis­tricts, ar­id deserts, lofty moun­tains, grassy plains, forests, marshes, lakes and great rivers, un­der al­most every tem­per­at­ure. There is hardly a cli­mate or con­di­tion in the Old World which can­not be par­alleled in the New—at least so closely as the same spe­cies gen­er­ally re­quire. No doubt small areas can be poin­ted out in the Old World hot­ter than any in the New World; but these are not in­hab­ited by a fauna dif­fer­ent from that of the sur­round­ing dis­tricts; for it is rare to find a group of or­gan­isms con­fined to a small area, of which the con­di­tions are pe­cu­li­ar in only a slight de­gree. Not­with­stand­ing this gen­er­al par­al­lel­ism in the con­di­tions of Old and New Worlds, how widely dif­fer­ent are their liv­ing pro­duc­tions!

			In the south­ern hemi­sphere, if we com­pare large tracts of land in Aus­tralia, South Africa, and west­ern South Amer­ica, between lat­it­udes 25 and 35 de­grees, we shall find parts ex­tremely sim­il­ar in all their con­di­tions, yet it would not be pos­sible to point out three faunas and flor­as more ut­terly dis­sim­il­ar. Or, again, we may com­pare the pro­duc­tions of South Amer­ica south of lat­it­ude 35 de­grees with those north of 25 de­grees, which con­sequently are sep­ar­ated by a space of ten de­grees of lat­it­ude, and are ex­posed to con­sid­er­ably dif­fer­ent con­di­tions; yet they are in­com­par­ably more closely re­lated to each oth­er than they are to the pro­duc­tions of Aus­tralia or Africa un­der nearly the same cli­mate. Ana­log­ous facts could be giv­en with re­spect to the in­hab­it­ants of the sea.

			A second great fact which strikes us in our gen­er­al re­view is, that bar­ri­ers of any kind, or obstacles to free mi­gra­tion, are re­lated in a close and im­port­ant man­ner to the dif­fer­ences between the pro­duc­tions of vari­ous re­gions. We see this in the great dif­fer­ence in nearly all the ter­restri­al pro­duc­tions of the New and Old Worlds, ex­cept­ing in the north­ern parts, where the land al­most joins, and where, un­der a slightly dif­fer­ent cli­mate, there might have been free mi­gra­tion for the north­ern tem­per­ate forms, as there now is for the strictly arc­tic pro­duc­tions. We see the same fact in the great dif­fer­ence between the in­hab­it­ants of Aus­tralia, Africa, and South Amer­ica un­der the same lat­it­ude; for these coun­tries are al­most as much isol­ated from each oth­er as is pos­sible. On each con­tin­ent, also, we see the same fact; for on the op­pos­ite sides of lofty and con­tinu­ous moun­tain-ranges, and of great deserts and even of large rivers, we find dif­fer­ent pro­duc­tions; though as moun­tain chains, deserts, etc., are not as im­pass­able, or likely to have en­dured so long, as the oceans sep­ar­at­ing con­tin­ents, the dif­fer­ences are very in­feri­or in de­gree to those char­ac­ter­ist­ic of dis­tinct con­tin­ents.

			Turn­ing to the sea, we find the same law. The mar­ine in­hab­it­ants of the east­ern and west­ern shores of South Amer­ica are very dis­tinct, with ex­tremely few shells, crus­ta­cea, or ech­in­o­der­mata in com­mon; but Dr. Gun­ther has re­cently shown that about thirty per­cent of the fishes are the same on the op­pos­ite sides of the isth­mus of Panama; and this fact has led nat­ur­al­ists to be­lieve that the isth­mus was formerly open. West­ward of the shores of Amer­ica, a wide space of open ocean ex­tends, with not an is­land as a halt­ing-place for emig­rants; here we have a bar­ri­er of an­oth­er kind, and as soon as this is passed we meet in the east­ern is­lands of the Pa­cific with an­oth­er and totally dis­tinct fauna. So that three mar­ine faunas range north­ward and south­ward in par­al­lel lines not far from each oth­er, un­der cor­res­pond­ing cli­mate; but from be­ing sep­ar­ated from each oth­er by im­pass­able bar­ri­ers, either of land or open sea, they are al­most wholly dis­tinct. On the oth­er hand, pro­ceed­ing still fur­ther west­ward from the east­ern is­lands of the trop­ic­al parts of the Pa­cific, we en­counter no im­pass­able bar­ri­ers, and we have in­nu­mer­able is­lands as halt­ing-places, or con­tinu­ous coasts, un­til, after trav­el­ling over a hemi­sphere, we come to the shores of Africa; and over this vast space we meet with no well-defined and dis­tinct mar­ine faunas. Al­though so few mar­ine an­im­als are com­mon to the above-named three ap­prox­im­ate faunas of East­ern and West­ern Amer­ica and the east­ern Pa­cific is­lands, yet many fishes range from the Pa­cific in­to the In­di­an Ocean, and many shells are com­mon to the east­ern is­lands of the Pa­cific and the east­ern shores of Africa on al­most ex­actly op­pos­ite me­ridi­ans of lon­git­ude.

			A third great fact, partly in­cluded in the fore­go­ing state­ment, is the af­fin­ity of the pro­duc­tions of the same con­tin­ent or of the same sea, though the spe­cies them­selves are dis­tinct at dif­fer­ent points and sta­tions. It is a law of the widest gen­er­al­ity, and every con­tin­ent of­fers in­nu­mer­able in­stances. Nev­er­the­less, the nat­ur­al­ist, in trav­el­ling, for in­stance, from north to south, nev­er fails to be struck by the man­ner in which suc­cess­ive groups of be­ings, spe­cific­ally dis­tinct, though nearly re­lated, re­place each oth­er. He hears from closely al­lied, yet dis­tinct kinds of birds, notes nearly sim­il­ar, and sees their nests sim­il­arly con­struc­ted, but not quite alike, with eggs col­oured in nearly the same man­ner. The plains near the Straits of Magel­lan are in­hab­ited by one spe­cies of Rhea (Amer­ic­an os­trich), and north­ward the plains of La Plata by an­oth­er spe­cies of the same genus; and not by a true os­trich or emu, like those in­hab­it­ing Africa and Aus­tralia un­der the same lat­it­ude. On these same plains of La Plata we see the agouti and bizcacha, an­im­als hav­ing nearly the same habits as our hares and rab­bits, and be­long­ing to the same or­der of Ro­dents, but they plainly dis­play an Amer­ic­an type of struc­ture. We as­cend the lofty peaks of the Cor­dillera, and we find an alpine spe­cies of bizcacha; we look to the wa­ters, and we do not find the beaver or muskrat, but the coy­pu and capy­bara, ro­dents of the South Amer­ic­an type. In­nu­mer­able oth­er in­stances could be giv­en. If we look to the is­lands off the Amer­ic­an shore, how­ever much they may dif­fer in geo­lo­gic­al struc­ture, the in­hab­it­ants are es­sen­tially Amer­ic­an, though they may be all pe­cu­li­ar spe­cies. We may look back to past ages, as shown in the last chapter, and we find Amer­ic­an types then pre­vail­ing on the Amer­ic­an con­tin­ent and in the Amer­ic­an seas. We see in these facts some deep or­gan­ic bond, through­out space and time, over the same areas of land and wa­ter, in­de­pend­ently of phys­ic­al con­di­tions. The nat­ur­al­ist must be dull who is not led to in­quire what this bond is.

			The bond is simply in­her­it­ance, that cause which alone, as far as we pos­it­ively know, pro­duces or­gan­isms quite like each oth­er, or, as we see in the case of vari­et­ies, nearly alike. The dis­sim­il­ar­ity of the in­hab­it­ants of dif­fer­ent re­gions may be at­trib­uted to modi­fic­a­tion through vari­ation and nat­ur­al se­lec­tion, and prob­ably in a sub­or­din­ate de­gree to the def­in­ite in­flu­ence of dif­fer­ent phys­ic­al con­di­tions. The de­grees of dis­sim­il­ar­ity will de­pend on the mi­gra­tion of the more dom­in­ant forms of life from one re­gion in­to an­oth­er hav­ing been more or less ef­fec­tu­ally pre­ven­ted, at peri­ods more or less re­mote—on the nature and num­ber of the former im­mig­rants—and on the ac­tion of the in­hab­it­ants on each oth­er in lead­ing to the pre­ser­va­tion of dif­fer­ent modi­fic­a­tions; the re­la­tion of or­gan­ism to or­gan­ism in the struggle for life be­ing, as I have already of­ten re­marked, the most im­port­ant of all re­la­tions. Thus the high im­port­ance of bar­ri­ers comes in­to play by check­ing mi­gra­tion; as does time for the slow pro­cess of modi­fic­a­tion through nat­ur­al se­lec­tion. Widely-ran­ging spe­cies, abound­ing in in­di­vidu­als, which have already tri­umphed over many com­pet­it­ors in their own widely-ex­ten­ded homes, will have the best chance of seiz­ing on new places, when they spread out in­to new coun­tries. In their new homes they will be ex­posed to new con­di­tions, and will fre­quently un­der­go fur­ther modi­fic­a­tion and im­prove­ment; and thus they will be­come still fur­ther vic­tori­ous, and will pro­duce groups of mod­i­fied des­cend­ants. On this prin­ciple of in­her­it­ance with modi­fic­a­tion we can un­der­stand how it is that sec­tions of gen­era, whole gen­era, and even fam­il­ies, are con­fined to the same areas, as is so com­monly and no­tori­ously the case.

			There is no evid­ence, as was re­marked in the last chapter, of the ex­ist­ence of any law of ne­ces­sary de­vel­op­ment. As the vari­ab­il­ity of each spe­cies is an in­de­pend­ent prop­erty, and will be taken ad­vant­age of by nat­ur­al se­lec­tion, only so far as it profits each in­di­vidu­al in its com­plex struggle for life, so the amount of modi­fic­a­tion in dif­fer­ent spe­cies will be no uni­form quant­ity. If a num­ber of spe­cies, after hav­ing long com­peted with each oth­er in their old home, were to mi­grate in a body in­to a new and af­ter­wards isol­ated coun­try, they would be little li­able to modi­fic­a­tion; for neither mi­gra­tion nor isol­a­tion in them­selves ef­fect any­thing. These prin­ciples come in­to play only by bring­ing or­gan­isms in­to new re­la­tions with each oth­er and in a less­er de­gree with the sur­round­ing phys­ic­al con­di­tions. As we have seen in the last chapter that some forms have re­tained nearly the same char­ac­ter from an enorm­ously re­mote geo­lo­gic­al peri­od, so cer­tain spe­cies have mi­grated over vast spaces, and have not be­come greatly or at all mod­i­fied.

			Ac­cord­ing to these views, it is ob­vi­ous that the sev­er­al spe­cies of the same genus, though in­hab­it­ing the most dis­tant quar­ters of the world, must ori­gin­ally have pro­ceeded from the same source, as they are des­cen­ded from the same pro­gen­it­or. In the case of those spe­cies which have un­der­gone, dur­ing whole geo­lo­gic­al peri­ods, little modi­fic­a­tion, there is not much dif­fi­culty in be­liev­ing that they have mi­grated from the same re­gion; for dur­ing the vast geo­graph­ic­al and cli­mat­ic­al changes which have su­per­vened since an­cient times, al­most any amount of mi­gra­tion is pos­sible. But in many oth­er cases, in which we have reas­on to be­lieve that the spe­cies of a genus have been pro­duced with­in com­par­at­ively re­cent times, there is great dif­fi­culty on this head. It is also ob­vi­ous that the in­di­vidu­als of the same spe­cies, though now in­hab­it­ing dis­tant and isol­ated re­gions, must have pro­ceeded from one spot, where their par­ents were first pro­duced: for, as has been ex­plained, it is in­cred­ible that in­di­vidu­als identic­ally the same should have been pro­duced from par­ents spe­cific­ally dis­tinct.

			
				Single Centres of Supposed Creation

				We are thus brought to the ques­tion which has been largely dis­cussed by nat­ur­al­ists, namely, wheth­er spe­cies have been cre­ated at one or more points of the earth’s sur­face. Un­doubtedly there are many cases of ex­treme dif­fi­culty in un­der­stand­ing how the same spe­cies could pos­sibly have mi­grated from some one point to the sev­er­al dis­tant and isol­ated points, where now found. Nev­er­the­less the sim­pli­city of the view that each spe­cies was first pro­duced with­in a single re­gion cap­tiv­ates the mind. He who re­jects it, re­jects the vera causa of or­din­ary gen­er­a­tion with sub­sequent mi­gra­tion, and calls in the agency of a mir­acle. It is uni­ver­sally ad­mit­ted, that in most cases the area in­hab­ited by a spe­cies is con­tinu­ous; and that when a plant or an­im­al in­hab­its two points so dis­tant from each oth­er, or with an in­ter­val of such a nature, that the space could not have been eas­ily passed over by mi­gra­tion, the fact is giv­en as some­thing re­mark­able and ex­cep­tion­al. The in­ca­pa­city of mi­grat­ing across a wide sea is more clear in the case of ter­restri­al mam­mals than per­haps with any oth­er or­gan­ic be­ings; and, ac­cord­ingly, we find no in­ex­plic­able in­stances of the same mam­mals in­hab­it­ing dis­tant points of the world. No geo­lo­gist feels any dif­fi­culty in Great Bri­tain pos­sess­ing the same quad­ru­peds with the rest of Europe, for they were no doubt once united. But if the same spe­cies can be pro­duced at two sep­ar­ate points, why do we not find a single mam­mal com­mon to Europe and Aus­tralia or South Amer­ica? The con­di­tions of life are nearly the same, so that a mul­ti­tude of European an­im­als and plants have be­come nat­ur­al­ised in Amer­ica and Aus­tralia; and some of the ab­ori­gin­al plants are identic­ally the same at these dis­tant points of the north­ern and south­ern hemi­spheres? The an­swer, as I be­lieve, is, that mam­mals have not been able to mi­grate, where­as some plants, from their var­ied means of dis­pers­al, have mi­grated across the wide and broken in­ter­spaces. The great and strik­ing in­flu­ence of bar­ri­ers of all kinds, is in­tel­li­gible only on the view that the great ma­jor­ity of spe­cies have been pro­duced on one side, and have not been able to mi­grate to the op­pos­ite side. Some few fam­il­ies, many sub­fam­il­ies, very many gen­era, a still great­er num­ber of sec­tions of gen­era, are con­fined to a single re­gion; and it has been ob­served by sev­er­al nat­ur­al­ists that the most nat­ur­al gen­era, or those gen­era in which the spe­cies are most closely re­lated to each oth­er, are gen­er­ally con­fined to the same coun­try, or if they have a wide range that their range is con­tinu­ous. What a strange an­om­aly it would be if a dir­ectly op­pos­ite rule were to pre­vail when we go down one step lower in the series, namely to the in­di­vidu­als of the same spe­cies, and these had not been, at least at first, con­fined to some one re­gion!

				Hence, it seems to me, as it has to many oth­er nat­ur­al­ists, that the view of each spe­cies hav­ing been pro­duced in one area alone, and hav­ing sub­sequently mi­grated from that area as far as its powers of mi­gra­tion and sub­sist­ence un­der past and present con­di­tions per­mit­ted, is the most prob­able. Un­doubtedly many cases oc­cur in which we can­not ex­plain how the same spe­cies could have passed from one point to the oth­er. But the geo­graph­ic­al and cli­mat­ic­al changes which have cer­tainly oc­curred with­in re­cent geo­lo­gic­al times, must have rendered dis­con­tinu­ous the formerly con­tinu­ous range of many spe­cies. So that we are re­duced to con­sider wheth­er the ex­cep­tions to con­tinu­ity of range are so nu­mer­ous, and of so grave a nature, that we ought to give up the be­lief, rendered prob­able by gen­er­al con­sid­er­a­tions, that each spe­cies has been pro­duced with­in one area, and has mi­grated thence as far as it could. It would be hope­lessly te­di­ous to dis­cuss all the ex­cep­tion­al cases of the same spe­cies, now liv­ing at dis­tant and sep­ar­ated points; nor do I for a mo­ment pre­tend that any ex­plan­a­tion could be offered of many in­stances. But, after some pre­lim­in­ary re­marks, I will dis­cuss a few of the most strik­ing classes of facts, namely, the ex­ist­ence of the same spe­cies on the sum­mits of dis­tant moun­tain ranges, and at dis­tant points in the Arc­tic and Ant­arc­tic re­gions; and secondly (in the fol­low­ing chapter), the wide dis­tri­bu­tion of fresh wa­ter pro­duc­tions; and thirdly, the oc­cur­rence of the same ter­restri­al spe­cies on is­lands and on the nearest main­land, though sep­ar­ated by hun­dreds of miles of open sea. If the ex­ist­ence of the same spe­cies at dis­tant and isol­ated points of the earth’s sur­face can in many in­stances be ex­plained on the view of each spe­cies hav­ing mi­grated from a single birth­place; then, con­sid­er­ing our ig­nor­ance with re­spect to former cli­mat­ic­al and geo­graph­ic­al changes, and to the vari­ous oc­ca­sion­al means of trans­port, the be­lief that a single birth­place is the law seems to me in­com­par­ably the safest.

				In dis­cuss­ing this sub­ject we shall be en­abled at the same time to con­sider a point equally im­port­ant for us, namely, wheth­er the sev­er­al spe­cies of a genus which must on our the­ory all be des­cen­ded from a com­mon pro­gen­it­or, can have mi­grated, un­der­go­ing modi­fic­a­tion dur­ing their mi­gra­tion from some one area. If, when most of the spe­cies in­hab­it­ing one re­gion are dif­fer­ent from those of an­oth­er re­gion, though closely al­lied to them, it can be shown that mi­gra­tion from the one re­gion to the oth­er has prob­ably oc­curred at some former peri­od, our gen­er­al view will be much strengthened; for the ex­plan­a­tion is ob­vi­ous on the prin­ciple of des­cent with modi­fic­a­tion. A vol­can­ic is­land, for in­stance, up­heaved and formed at the dis­tance of a few hun­dreds of miles from a con­tin­ent, would prob­ably re­ceive from it in the course of time a few col­on­ists, and their des­cend­ants, though mod­i­fied, would still be re­lated by in­her­it­ance to the in­hab­it­ants of that con­tin­ent. Cases of this nature are com­mon, and are, as we shall here­after see, in­ex­plic­able on the the­ory of in­de­pend­ent cre­ation. This view of the re­la­tion of the spe­cies of one re­gion to those of an­oth­er, does not dif­fer much from that ad­vanced by Mr. Wal­lace, who con­cludes that “every spe­cies has come in­to ex­ist­ence co­in­cid­ent both in space and time with a preex­ist­ing closely al­lied spe­cies.” And it is now well known that he at­trib­utes this co­in­cid­ence to des­cent with modi­fic­a­tion.

				The ques­tion of single or mul­tiple centres of cre­ation dif­fers from an­oth­er though al­lied ques­tion, namely, wheth­er all the in­di­vidu­als of the same spe­cies are des­cen­ded from a single pair, or single herm­aph­rod­ite, or wheth­er, as some au­thors sup­pose, from many in­di­vidu­als sim­ul­tan­eously cre­ated. With or­gan­ic be­ings which nev­er in­ter­cross, if such ex­ist, each spe­cies must be des­cen­ded from a suc­ces­sion of mod­i­fied vari­et­ies, that have sup­planted each oth­er, but have nev­er blen­ded with oth­er in­di­vidu­als or vari­et­ies of the same spe­cies, so that, at each suc­cess­ive stage of modi­fic­a­tion, all the in­di­vidu­als of the same form will be des­cen­ded from a single par­ent. But in the great ma­jor­ity of cases, namely, with all or­gan­isms which ha­bitu­ally unite for each birth, or which oc­ca­sion­ally in­ter­cross, the in­di­vidu­als of the same spe­cies in­hab­it­ing the same area will be kept nearly uni­form by in­ter­cross­ing; so that many in­di­vidu­als will go on sim­ul­tan­eously chan­ging, and the whole amount of modi­fic­a­tion at each stage will not be due to des­cent from a single par­ent. To il­lus­trate what I mean: our Eng­lish race­horses dif­fer from the horses of every oth­er breed; but they do not owe their dif­fer­ence and su­peri­or­ity to des­cent from any single pair, but to con­tin­ued care in the se­lect­ing and train­ing of many in­di­vidu­als dur­ing each gen­er­a­tion.

				Be­fore dis­cuss­ing the three classes of facts, which I have se­lec­ted as present­ing the greatest amount of dif­fi­culty on the the­ory of “single centres of cre­ation,” I must say a few words on the means of dis­pers­al.

			
			
				Means of Dispersal

				Sir C. Lyell and oth­er au­thors have ably treated this sub­ject. I can give here only the briefest ab­stract of the more im­port­ant facts. Change of cli­mate must have had a power­ful in­flu­ence on mi­gra­tion. A re­gion now im­pass­able to cer­tain or­gan­isms from the nature of its cli­mate, might have been a high road for mi­gra­tion, when the cli­mate was dif­fer­ent. I shall, how­ever, presently have to dis­cuss this branch of the sub­ject in some de­tail. Changes of level in the land must also have been highly in­flu­en­tial: a nar­row isth­mus now sep­ar­ates two mar­ine faunas; sub­merge it, or let it formerly have been sub­merged, and the two faunas will now blend to­geth­er, or may formerly have blen­ded. Where the sea now ex­tends, land may at a former peri­od have con­nec­ted is­lands or pos­sibly even con­tin­ents to­geth­er, and thus have al­lowed ter­restri­al pro­duc­tions to pass from one to the oth­er. No geo­lo­gist dis­putes that great muta­tions of level have oc­curred with­in the peri­od of ex­ist­ing or­gan­isms. Ed­ward For­bes in­sisted that all the is­lands in the At­lantic must have been re­cently con­nec­ted with Europe or Africa, and Europe like­wise with Amer­ica. Oth­er au­thors have thus hy­po­thet­ic­ally bridged over every ocean, and united al­most every is­land with some main­land. If, in­deed, the ar­gu­ments used by For­bes are to be trus­ted, it must be ad­mit­ted that scarcely a single is­land ex­ists which has not re­cently been united to some con­tin­ent. This view cuts the Gor­d­i­an knot of the dis­pers­al of the same spe­cies to the most dis­tant points, and re­moves many a dif­fi­culty; but to the best of my judg­ment we are not au­thor­ized in ad­mit­ting such enorm­ous geo­graph­ic­al changes with­in the peri­od of ex­ist­ing spe­cies. It seems to me that we have abund­ant evid­ence of great os­cil­la­tions in the level of the land or sea; but not of such vast changes in the po­s­i­tion and ex­ten­sion of our con­tin­ents, as to have united them with­in the re­cent peri­od to each oth­er and to the sev­er­al in­ter­ven­ing ocean­ic is­lands. I freely ad­mit the former ex­ist­ence of many is­lands, now bur­ied be­neath the sea, which may have served as halt­ing places for plants and for many an­im­als dur­ing their mi­gra­tion. In the cor­al-pro­du­cing oceans such sunken is­lands are now marked by rings of cor­al or atolls stand­ing over them. Whenev­er it is fully ad­mit­ted, as it will some day be, that each spe­cies has pro­ceeded from a single birth­place, and when in the course of time we know some­thing def­in­ite about the means of dis­tri­bu­tion, we shall be en­abled to spec­u­late with se­cur­ity on the former ex­ten­sion of the land. But I do not be­lieve that it will ever be proved that with­in the re­cent peri­od most of our con­tin­ents which now stand quite sep­ar­ate, have been con­tinu­ously, or al­most con­tinu­ously united with each oth­er, and with the many ex­ist­ing ocean­ic is­lands. Sev­er­al facts in dis­tri­bu­tion—such as the great dif­fer­ence in the mar­ine faunas on the op­pos­ite sides of al­most every con­tin­ent—the close re­la­tion of the ter­tiary in­hab­it­ants of sev­er­al lands and even seas to their present in­hab­it­ants—the de­gree of af­fin­ity between the mam­mals in­hab­it­ing is­lands with those of the nearest con­tin­ent, be­ing in part de­term­ined (as we shall here­after see) by the depth of the in­ter­ven­ing ocean—these and oth­er such facts are op­posed to the ad­mis­sion of such prodi­gious geo­graph­ic­al re­volu­tions with­in the re­cent peri­od, as are ne­ces­sary on the view ad­vanced by For­bes and ad­mit­ted by his fol­low­ers. The nature and re­l­at­ive pro­por­tions of the in­hab­it­ants of ocean­ic is­lands are like­wise op­posed to the be­lief of their former con­tinu­ity of con­tin­ents. Nor does the al­most uni­ver­sally vol­can­ic com­pos­i­tion of such is­lands fa­vour the ad­mis­sion that they are the wrecks of sunken con­tin­ents; if they had ori­gin­ally ex­is­ted as con­tin­ent­al moun­tain ranges, some at least of the is­lands would have been formed, like oth­er moun­tain sum­mits, of gran­ite, meta­morph­ic schists, old fos­silifer­ous and oth­er rocks, in­stead of con­sist­ing of mere piles of vol­can­ic mat­ter.

				I must now say a few words on what are called ac­ci­dent­al means, but which more prop­erly should be called oc­ca­sion­al means of dis­tri­bu­tion. I shall here con­fine my­self to plants. In botan­ic­al works, this or that plant is of­ten stated to be ill ad­ap­ted for wide dis­sem­in­a­tion; but the great­er or less fa­cil­it­ies for trans­port across the sea may be said to be al­most wholly un­known. Un­til I tried, with Mr. Berke­ley’s aid, a few ex­per­i­ments, it was not even known how far seeds could res­ist the in­jur­i­ous ac­tion of sea­wa­ter. To my sur­prise I found that out of eighty-sev­en kinds, sixty-four ger­min­ated after an im­mer­sion of twenty-eight days, and a few sur­vived an im­mer­sion of 137 days. It de­serves no­tice that cer­tain or­ders were far more in­jured than oth­ers: nine Legumino­sae were tried, and, with one ex­cep­tion, they res­isted the salt­water badly; sev­en spe­cies of the al­lied or­ders, Hy­dro­phyl­laceae and Pole­m­o­ni­aceae, were all killed by a month’s im­mer­sion. For con­veni­ence sake I chiefly tried small seeds without the cap­sules or fruit; and as all of these sank in a few days, they could not have been floated across wide spaces of the sea, wheth­er or not they were in­jured by salt wa­ter. Af­ter­wards I tried some lar­ger fruits, cap­sules, etc., and some of these floated for a long time. It is well known what a dif­fer­ence there is in the buoy­ancy of green and seasoned tim­ber; and it oc­curred to me that floods would of­ten wash in­to the sea dried plants or branches with seed-cap­sules or fruit at­tached to them. Hence I was led to dry the stems and branches of ninety-four plants with ripe fruit, and to place them on sea­wa­ter. The ma­jor­ity sank quickly, but some which, whilst green, floated for a very short time, when dried floated much longer; for in­stance, ripe hazel­nuts sank im­me­di­ately, but when dried they floated for ninety days, and af­ter­wards when planted ger­min­ated; an as­paragus plant with ripe ber­ries floated for twenty-three days, when dried it floated for eighty-five days, and the seeds af­ter­wards ger­min­ated: the ripe seeds of Hel­os­ciadi­um sank in two days, when dried they floated for above ninety days, and af­ter­wards ger­min­ated. Al­to­geth­er, out of the ninety-four dried plants, eight­een floated for above twenty-eight days; and some of the eight­een floated for a very much longer peri­od. So that as 64/87 kinds of seeds ger­min­ated after an im­mer­sion of twenty-eight days; and as 18/94 dis­tinct spe­cies with ripe fruit (but not all the same spe­cies as in the fore­go­ing ex­per­i­ment) floated, after be­ing dried, for above twenty-eight days, we may con­clude, as far as any­thing can be in­ferred from these scanty facts, that the seeds of 14/100 kinds of plants of any coun­try might be floated by sea-cur­rents dur­ing twenty-eight days, and would re­tain their power of ger­min­a­tion. In John­ston’s Phys­ic­al At­las, the av­er­age rate of the sev­er­al At­lantic cur­rents is thirty-three miles per diem (some cur­rents run­ning at the rate of sixty miles per diem); on this av­er­age, the seeds of 14/100 plants be­long­ing to one coun­try might be floated across 924 miles of sea to an­oth­er coun­try; and when stran­ded, if blown by an in­land gale to a fa­vour­able spot, would ger­min­ate.

				Sub­sequently to my ex­per­i­ments, M. Martens tried sim­il­ar ones, but in a much bet­ter man­ner, for he placed the seeds in a box in the ac­tu­al sea, so that they were al­tern­ately wet and ex­posed to the air like really float­ing plants. He tried ninety-eight seeds, mostly dif­fer­ent from mine, but he chose many large fruits, and like­wise seeds, from plants which live near the sea; and this would have fa­voured both the av­er­age length of their flot­a­tion and their res­ist­ance to the in­jur­i­ous ac­tion of the salt­water. On the oth­er hand, he did not pre­vi­ously dry the plants or branches with the fruit; and this, as we have seen, would have caused some of them to have floated much longer. The res­ult was that 18/98 of his seeds of dif­fer­ent kinds floated for forty-two days, and were then cap­able of ger­min­a­tion. But I do not doubt that plants ex­posed to the waves would float for a less time than those pro­tec­ted from vi­ol­ent move­ment as in our ex­per­i­ments. There­fore, it would per­haps be safer to as­sume that the seeds of about 10/100 plants of a flora, after hav­ing been dried, could be floated across a space of sea 900 miles in width, and would then ger­min­ate. The fact of the lar­ger fruits of­ten float­ing longer than the small, is in­ter­est­ing; as plants with large seeds or fruit which, as Al­ph. de Can­dolle has shown, gen­er­ally have re­stric­ted ranges, could hardly be trans­por­ted by any oth­er means.

				Seeds may be oc­ca­sion­ally trans­por­ted in an­oth­er man­ner. Drift tim­ber is thrown up on most is­lands, even on those in the midst of the widest oceans; and the nat­ives of the cor­al is­lands in the Pa­cific pro­cure stones for their tools, solely from the roots of drif­ted trees, these stones be­ing a valu­able roy­al tax. I find that when ir­reg­u­larly shaped stones are em­bed­ded in the roots of trees, small par­cels of earth are very fre­quently en­closed in their in­ter­stices and be­hind them, so per­fectly that not a particle could be washed away dur­ing the longest trans­port: out of one small por­tion of earth thus com­pletely en­closed by the roots of an oak about fifty years old, three di­coty­le­don­ous plants ger­min­ated: I am cer­tain of the ac­cur­acy of this ob­ser­va­tion. Again, I can show that the car­casses of birds, when float­ing on the sea, some­times es­cape be­ing im­me­di­ately de­voured; and many kinds of seeds in the crops of float­ing birds long re­tain their vi­tal­ity: peas and vetches, for in­stance, are killed by even a few days’ im­mer­sion in sea­wa­ter; but some taken out of the crop of a pi­geon, which had floated on ar­ti­fi­cial sea­wa­ter for thirty days, to my sur­prise nearly all ger­min­ated.

				Liv­ing birds can hardly fail to be highly ef­fect­ive agents in the trans­port­a­tion of seeds. I could give many facts show­ing how fre­quently birds of many kinds are blown by gales to vast dis­tances across the ocean. We may safely as­sume that un­der such cir­cum­stances their rate of flight would of­ten be thirty-five miles an hour; and some au­thors have giv­en a far high­er es­tim­ate. I have nev­er seen an in­stance of nu­tri­tious seeds passing through the in­test­ines of a bird; but hard seeds of fruit pass un­injured through even the di­gest­ive or­gans of a tur­key. In the course of two months, I picked up in my garden twelve kinds of seeds, out of the ex­cre­ment of small birds, and these seemed per­fect, and some of them, which were tried, ger­min­ated. But the fol­low­ing fact is more im­port­ant: the crops of birds do not secrete gast­ric juice, and do not, as I know by tri­al, in­jure in the least the ger­min­a­tion of seeds; now, after a bird has found and de­voured a large sup­ply of food, it is pos­it­ively as­ser­ted that all the grains do not pass in­to the giz­zard for twelve or even eight­een hours. A bird in this in­ter­val might eas­ily be blown to the dis­tance of five hun­dred miles, and hawks are known to look out for tired birds, and the con­tents of their torn crops might thus read­ily get scattered. Some hawks and owls bolt their prey whole, and after an in­ter­val of from twelve to twenty hours, dis­gorge pel­lets, which, as I know from ex­per­i­ments made in the Zo­olo­gic­al Gar­dens, in­clude seeds cap­able of ger­min­a­tion. Some seeds of the oat, wheat, mil­let, ca­nary, hemp, clover, and beet ger­min­ated after hav­ing been from twelve to twenty-one hours in the stom­achs of dif­fer­ent birds of prey; and two seeds of beet grew after hav­ing been thus re­tained for two days and four­teen hours. Fresh­wa­ter fish, I find, eat seeds of many land and wa­ter plants; fish are fre­quently de­voured by birds, and thus the seeds might be trans­por­ted from place to place. I forced many kinds of seeds in­to the stom­achs of dead fish, and then gave their bod­ies to fish­ing-eagles, storks, and pel­ic­ans; these birds, after an in­ter­val of many hours, either re­jec­ted the seeds in pel­lets or passed them in their ex­cre­ment; and sev­er­al of these seeds re­tained the power of ger­min­a­tion. Cer­tain seeds, how­ever, were al­ways killed by this pro­cess.

				Lo­custs are some­times blown to great dis­tances from the land. I my­self caught one 370 miles from the coast of Africa, and have heard of oth­ers caught at great­er dis­tances. The Rev. R. T. Lowe in­formed Sir C. Lyell that in Novem­ber, 1844, swarms of lo­custs vis­ited the is­land of Madeira. They were in count­less num­bers, as thick as the flakes of snow in the heav­iest snowstorm, and ex­ten­ded up­ward as far as could be seen with a tele­scope. Dur­ing two or three days they slowly ca­reered round and round in an im­mense el­lipse, at least five or six miles in dia­met­er, and at night alighted on the taller trees, which were com­pletely coated with them. They then dis­ap­peared over the sea, as sud­denly as they had ap­peared, and have not since vis­ited the is­land. Now, in parts of Nat­al it is be­lieved by some farm­ers, though on in­suf­fi­cient evid­ence, that in­jur­i­ous seeds are in­tro­duced in­to their grass­land in the dung left by the great flights of lo­custs which of­ten vis­it that coun­try. In con­sequence of this be­lief Mr. Weale sent me in a let­ter a small pack­et of the dried pel­lets, out of which I ex­trac­ted un­der the mi­cro­scope sev­er­al seeds, and raised from them sev­en grass plants, be­long­ing to two spe­cies, of two gen­era. Hence a swarm of lo­custs, such as that which vis­ited Madeira, might read­ily be the means of in­tro­du­cing sev­er­al kinds of plants in­to an is­land ly­ing far from the main­land.

				Al­though the beaks and feet of birds are gen­er­ally clean, earth some­times ad­heres to them: in one case I re­moved sixty-one grains, and in an­oth­er case twenty-two grains of dry ar­gil­la­ceous earth from the foot of a part­ridge, and in the earth there was a pebble as large as the seed of a vetch. Here is a bet­ter case: the leg of a wood­cock was sent to me by a friend, with a little cake of dry earth at­tached to the shank, weigh­ing only nine grains; and this con­tained a seed of the toad-rush (Jun­cus bufoni­us) which ger­min­ated and flowered. Mr. Sways­land, of Brighton, who dur­ing the last forty years has paid close at­ten­tion to our mi­grat­ory birds, in­forms me that he has of­ten shot wag­tails (Mota­cil­lae), wheatears, and whin­chats (Saxic­olae), on their first ar­rival on our shores, be­fore they had alighted; and he has sev­er­al times no­ticed little cakes of earth at­tached to their feet. Many facts could be giv­en show­ing how gen­er­ally soil is charged with seeds. For in­stance, Pro­fess­or New­ton sent me the leg of a red-legged part­ridge (Cac­cabis rufa) which had been wounded and could not fly, with a ball of hard earth ad­her­ing to it, and weigh­ing six and a half ounces. The earth had been kept for three years, but when broken, watered and placed un­der a bell glass, no less than eighty-two plants sprung from it: these con­sisted of twelve mono­coty­ledons, in­clud­ing the com­mon oat, and at least one kind of grass, and of sev­enty di­coty­le­dons, which con­sisted, judging from the young leaves, of at least three dis­tinct spe­cies. With such facts be­fore us, can we doubt that the many birds which are an­nu­ally blown by gales across great spaces of ocean, and which an­nu­ally mi­grate—for in­stance, the mil­lions of quails across the Medi­ter­ranean—must oc­ca­sion­ally trans­port a few seeds em­bed­ded in dirt ad­her­ing to their feet or beaks? But I shall have to re­cur to this sub­ject.

				As ice­bergs are known to be some­times loaded with earth and stones, and have even car­ried brush­wood, bones, and the nest of a land-bird, it can hardly be doubted that they must oc­ca­sion­ally, as sug­ges­ted by Lyell, have trans­por­ted seeds from one part to an­oth­er of the arc­tic and ant­arc­tic re­gions; and dur­ing the Gla­cial peri­od from one part of the now tem­per­ate re­gions to an­oth­er. In the Azores, from the large num­ber of plants com­mon to Europe, in com­par­is­on with the spe­cies on the oth­er is­lands of the At­lantic, which stand near­er to the main­land, and (as re­marked by Mr. H. C. Wat­son) from their some­what north­ern char­ac­ter, in com­par­is­on with the lat­it­ude, I sus­pec­ted that these is­lands had been partly stocked by ice-borne seeds dur­ing the Gla­cial epoch. At my re­quest Sir C. Lyell wrote to M. Har­tung to in­quire wheth­er he had ob­served er­rat­ic boulders on these is­lands, and he answered that he had found large frag­ments of gran­ite and oth­er rocks, which do not oc­cur in the ar­chipelago. Hence we may safely in­fer that ice­bergs formerly landed their rocky bur­dens on the shores of these mid-ocean is­lands, and it is at least pos­sible that they may have brought thith­er the seeds of north­ern plants.

				Con­sid­er­ing that these sev­er­al means of trans­port, and that oth­er means, which without doubt re­main to be dis­covered, have been in ac­tion year after year for tens of thou­sands of years, it would, I think, be a mar­vel­lous fact if many plants had not thus be­come widely trans­por­ted. These means of trans­port are some­times called ac­ci­dent­al, but this is not strictly cor­rect: the cur­rents of the sea are not ac­ci­dent­al, nor is the dir­ec­tion of pre­val­ent gales of wind. It should be ob­served that scarcely any means of trans­port would carry seeds for very great dis­tances; for seeds do not re­tain their vi­tal­ity when ex­posed for a great length of time to the ac­tion of sea wa­ter; nor could they be long car­ried in the crops or in­test­ines of birds. These means, how­ever, would suf­fice for oc­ca­sion­al trans­port across tracts of sea some hun­dred miles in breadth, or from is­land to is­land, or from a con­tin­ent to a neigh­bour­ing is­land, but not from one dis­tant con­tin­ent to an­oth­er. The flor­as of dis­tant con­tin­ents would not by such means be­come mingled; but would re­main as dis­tinct as they now are. The cur­rents, from their course, would nev­er bring seeds from North Amer­ica to Bri­tain, though they might and do bring seeds from the West In­dies to our west­ern shores, where, if not killed by their very long im­mer­sion in salt wa­ter, they could not en­dure our cli­mate. Al­most every year, one or two land-birds are blown across the whole At­lantic Ocean, from North Amer­ica to the west­ern shores of Ire­land and Eng­land; but seeds could be trans­por­ted by these rare wan­der­ers only by one means, namely, by dirt ad­her­ing to their feet or beaks, which is in it­self a rare ac­ci­dent. Even in this case, how small would be the chance of a seed fall­ing on fa­vour­able soil, and com­ing to ma­tur­ity! But it would be a great er­ror to ar­gue that be­cause a well-stocked is­land, like Great Bri­tain, has not, as far as is known (and it would be very dif­fi­cult to prove this), re­ceived with­in the last few cen­tur­ies, through oc­ca­sion­al means of trans­port, im­mig­rants from Europe or any oth­er con­tin­ent, that a poorly-stocked is­land, though stand­ing more re­mote from the main­land, would not re­ceive col­on­ists by sim­il­ar means. Out of a hun­dred kinds of seeds or an­im­als trans­por­ted to an is­land, even if far less well-stocked than Bri­tain, per­haps not more than one would be so well fit­ted to its new home, as to be­come nat­ur­al­ised. But this is no val­id ar­gu­ment against what would be ef­fected by oc­ca­sion­al means of trans­port, dur­ing the long lapse of geo­lo­gic­al time, whilst the is­land was be­ing up­heaved, and be­fore it had be­come fully stocked with in­hab­it­ants. On al­most bare land, with few or no de­struct­ive in­sects or birds liv­ing there, nearly every seed which chanced to ar­rive, if fit­ted for the cli­mate, would ger­min­ate and sur­vive.

			
			
				Dispersal During the Glacial Period

				The iden­tity of many plants and an­im­als, on moun­tain-sum­mits, sep­ar­ated from each oth­er by hun­dreds of miles of low­lands, where Alpine spe­cies could not pos­sibly ex­ist, is one of the most strik­ing cases known of the same spe­cies liv­ing at dis­tant points, without the ap­par­ent pos­sib­il­ity of their hav­ing mi­grated from one point to the oth­er. It is in­deed a re­mark­able fact to see so many plants of the same spe­cies liv­ing on the snowy re­gions of the Alps or Pyren­ees, and in the ex­treme north­ern parts of Europe; but it is far more re­mark­able, that the plants on the White Moun­tains, in the United States of Amer­ica, are all the same with those of Lab­rador, and nearly all the same, as we hear from Asa Gray, with those on the lofti­est moun­tains of Europe. Even as long ago as 1747, such facts led Gmelin to con­clude that the same spe­cies must have been in­de­pend­ently cre­ated at many dis­tinct points; and we might have re­mained in this same be­lief, had not Agassiz and oth­ers called vivid at­ten­tion to the Gla­cial peri­od, which, as we shall im­me­di­ately see, af­fords a simple ex­plan­a­tion of these facts. We have evid­ence of al­most every con­ceiv­able kind, or­gan­ic and in­or­gan­ic, that, with­in a very re­cent geo­lo­gic­al peri­od, cent­ral Europe and North Amer­ica suffered un­der an Arc­tic cli­mate. The ru­ins of a house burnt by fire do not tell their tale more plainly than do the moun­tains of Scot­land and Wales, with their scored flanks, pol­ished sur­faces, and perched boulders, of the icy streams with which their val­leys were lately filled. So greatly has the cli­mate of Europe changed, that in North­ern Italy, gi­gant­ic mo­raines, left by old gla­ciers, are now clothed by the vine and maize. Through­out a large part of the United States, er­rat­ic boulders and scored rocks plainly re­veal a former cold peri­od.

				The former in­flu­ence of the gla­cial cli­mate on the dis­tri­bu­tion of the in­hab­it­ants of Europe, as ex­plained by Ed­ward For­bes, is sub­stan­tially as fol­lows. But we shall fol­low the changes more read­ily, by sup­pos­ing a new gla­cial peri­od slowly to come on, and then pass away, as formerly oc­curred. As the cold came on, and as each more south­ern zone be­came fit­ted for the in­hab­it­ants of the north, these would take the places of the former in­hab­it­ants of the tem­per­ate re­gions. The lat­ter, at the same time would travel fur­ther and fur­ther south­ward, un­less they were stopped by bar­ri­ers, in which case they would per­ish. The moun­tains would be­come covered with snow and ice, and their former Alpine in­hab­it­ants would des­cend to the plains. By the time that the cold had reached its max­im­um, we should have an arc­tic fauna and flora, cov­er­ing the cent­ral parts of Europe, as far south as the Alps and Pyren­ees, and even stretch­ing in­to Spain. The now tem­per­ate re­gions of the United States would like­wise be covered by arc­tic plants and an­im­als and these would be nearly the same with those of Europe; for the present cir­cum­polar in­hab­it­ants, which we sup­pose to have every­where trav­elled south­ward, are re­mark­ably uni­form round the world.

				As the warmth re­turned, the arc­tic forms would re­treat north­ward, closely fol­lowed up in their re­treat by the pro­duc­tions of the more tem­per­ate re­gions. And as the snow melted from the bases of the moun­tains, the arc­tic forms would seize on the cleared and thawed ground, al­ways as­cend­ing, as the warmth in­creased and the snow still fur­ther dis­ap­peared, high­er and high­er, whilst their brethren were pur­su­ing their north­ern jour­ney. Hence, when the warmth had fully re­turned, the same spe­cies, which had lately lived to­geth­er on the European and North Amer­ic­an low­lands, would again be found in the arc­tic re­gions of the Old and New Worlds, and on many isol­ated moun­tain-sum­mits far dis­tant from each oth­er.

				Thus we can un­der­stand the iden­tity of many plants at points so im­mensely re­mote as the moun­tains of the United States and those of Europe. We can thus also un­der­stand the fact that the Alpine plants of each moun­tain-range are more es­pe­cially re­lated to the arc­tic forms liv­ing due north or nearly due north of them: for the first mi­gra­tion when the cold came on, and the re-mi­gra­tion on the re­turn­ing warmth, would gen­er­ally have been due south and north. The Alpine plants, for ex­ample, of Scot­land, as re­marked by Mr. H. C. Wat­son, and those of the Pyren­ees, as re­marked by Ra­mond, are more es­pe­cially al­lied to the plants of north­ern Scand­inavia; those of the United States to Lab­rador; those of the moun­tains of Siber­ia to the arc­tic re­gions of that coun­try. These views, groun­ded as they are on the per­fectly well-as­cer­tained oc­cur­rence of a former Gla­cial peri­od, seem to me to ex­plain in so sat­is­fact­ory a man­ner the present dis­tri­bu­tion of the Alpine and Arc­tic pro­duc­tions of Europe and Amer­ica, that when in oth­er re­gions we find the same spe­cies on dis­tant moun­tain-sum­mits, we may al­most con­clude, without oth­er evid­ence, that a colder cli­mate formerly per­mit­ted their mi­gra­tion across the in­ter­ven­ing low­lands, now be­come too warm for their ex­ist­ence.

				As the arc­tic forms moved first south­ward and af­ter­wards back­ward to the north, in uni­son with the chan­ging cli­mate, they will not have been ex­posed dur­ing their long mi­gra­tions to any great di­versity of tem­per­at­ure; and as they all mi­grated in a body to­geth­er, their mu­tu­al re­la­tions will not have been much dis­turbed. Hence, in ac­cord­ance with the prin­ciples in­cul­cated in this volume, these forms will not have been li­able to much modi­fic­a­tion. But with the Alpine pro­duc­tions, left isol­ated from the mo­ment of the re­turn­ing warmth, first at the bases and ul­ti­mately on the sum­mits of the moun­tains, the case will have been some­what dif­fer­ent; for it is not likely that all the same arc­tic spe­cies will have been left on moun­tain ranges far dis­tant from each oth­er, and have sur­vived there ever since; they will also, in all prob­ab­il­ity, have be­come mingled with an­cient Alpine spe­cies, which must have ex­is­ted on the moun­tains be­fore the com­mence­ment of the Gla­cial epoch, and which dur­ing the cold­est peri­od will have been tem­por­ar­ily driv­en down to the plains; they will, also, have been sub­sequently ex­posed to some­what dif­fer­ent cli­mat­ic­al in­flu­ences. Their mu­tu­al re­la­tions will thus have been in some de­gree dis­turbed; con­sequently they will have been li­able to modi­fic­a­tion; and they have been mod­i­fied; for if we com­pare the present Alpine plants and an­im­als of the sev­er­al great European moun­tain ranges, one with an­oth­er, though many of the spe­cies re­main identic­ally the same, some ex­ist as vari­et­ies, some as doubt­ful forms or sub­spe­cies and some as dis­tinct yet closely al­lied spe­cies rep­res­ent­ing each oth­er on the sev­er­al ranges.

				In the fore­go­ing il­lus­tra­tion, I have as­sumed that at the com­mence­ment of our ima­gin­ary Gla­cial peri­od, the arc­tic pro­duc­tions were as uni­form round the po­lar re­gions as they are at the present day. But it is also ne­ces­sary to as­sume that many sub­arc­tic and some few tem­per­ate forms were the same round the world, for some of the spe­cies which now ex­ist on the lower moun­tain slopes and on the plains of North Amer­ica and Europe are the same; and it may be asked how I ac­count for this de­gree of uni­form­ity of the sub­arc­tic and tem­per­ate forms round the world, at the com­mence­ment of the real Gla­cial peri­od. At the present day, the sub­arc­tic and north­ern tem­per­ate pro­duc­tions of the Old and New Worlds are sep­ar­ated from each oth­er by the whole At­lantic Ocean and by the north­ern part of the Pa­cific. Dur­ing the Gla­cial peri­od, when the in­hab­it­ants of the Old and New Worlds lived fur­ther south­wards than they do at present, they must have been still more com­pletely sep­ar­ated from each oth­er by wider spaces of ocean; so that it may well be asked how the same spe­cies could then or pre­vi­ously have entered the two con­tin­ents. The ex­plan­a­tion, I be­lieve, lies in the nature of the cli­mate be­fore the com­mence­ment of the Gla­cial peri­od. At this, the new­er Plio­cene peri­od, the ma­jor­ity of the in­hab­it­ants of the world were spe­cific­ally the same as now, and we have good reas­on to be­lieve that the cli­mate was warm­er than at the present day. Hence, we may sup­pose that the or­gan­isms which now live un­der lat­it­ude 60 de­grees, lived dur­ing the Plio­cene peri­od fur­ther north, un­der the Po­lar Circle, in lat­it­ude 66–67 de­grees; and that the present arc­tic pro­duc­tions then lived on the broken land still near­er to the pole. Now, if we look at a ter­restri­al globe, we see un­der the Po­lar Circle that there is al­most con­tinu­ous land from west­ern Europe through Siber­ia, to east­ern Amer­ica. And this con­tinu­ity of the cir­cum­polar land, with the con­sequent free­dom un­der a more fa­vour­able cli­mate for in­ter­migra­tion, will ac­count for the sup­posed uni­form­ity of the sub­arc­tic and tem­per­ate pro­duc­tions of the Old and New Worlds, at a peri­od an­teri­or to the Gla­cial epoch.

				Be­liev­ing, from reas­ons be­fore al­luded to, that our con­tin­ents have long re­mained in nearly the same re­l­at­ive po­s­i­tion, though sub­jec­ted to great os­cil­la­tions of level, I am strongly in­clined to ex­tend the above view, and to in­fer that dur­ing some earli­er and still warm­er peri­od, such as the older Plio­cene peri­od, a large num­ber of the same plants and an­im­als in­hab­ited the al­most con­tinu­ous cir­cum­polar land; and that these plants and an­im­als, both in the Old and New Worlds, began slowly to mi­grate south­wards as the cli­mate be­came less warm, long be­fore the com­mence­ment of the Gla­cial peri­od. We now see, as I be­lieve, their des­cend­ants, mostly in a mod­i­fied con­di­tion, in the cent­ral parts of Europe and the United States. On this view we can un­der­stand the re­la­tion­ship with very little iden­tity, between the pro­duc­tions of North Amer­ica and Europe—a re­la­tion­ship which is highly re­mark­able, con­sid­er­ing the dis­tance of the two areas, and their sep­ar­a­tion by the whole At­lantic Ocean. We can fur­ther un­der­stand the sin­gu­lar fact re­marked on by sev­er­al ob­serv­ers that the pro­duc­tions of Europe and Amer­ica dur­ing the later ter­tiary stages were more closely re­lated to each oth­er than they are at the present time; for dur­ing these warm­er peri­ods the north­ern parts of the Old and New Worlds will have been al­most con­tinu­ously united by land, serving as a bridge, since rendered im­pass­able by cold, for the in­ter­migra­tion of their in­hab­it­ants.

				Dur­ing the slowly de­creas­ing warmth of the Plio­cene peri­od, as soon as the spe­cies in com­mon, which in­hab­ited the New and Old Worlds, mi­grated south of the Po­lar Circle, they will have been com­pletely cut off from each oth­er. This sep­ar­a­tion, as far as the more tem­per­ate pro­duc­tions are con­cerned, must have taken place long ages ago. As the plants and an­im­als mi­grated south­ward, they will have be­come mingled in the one great re­gion with the nat­ive Amer­ic­an pro­duc­tions, and would have had to com­pete with them; and in the oth­er great re­gion, with those of the Old World. Con­sequently we have here everything fa­vour­able for much modi­fic­a­tion—for far more modi­fic­a­tion than with the Alpine pro­duc­tions, left isol­ated, with­in a much more re­cent peri­od, on the sev­er­al moun­tain ranges and on the arc­tic lands of Europe and North Amer­ica. Hence, it has come, that when we com­pare the now liv­ing pro­duc­tions of the tem­per­ate re­gions of the New and Old Worlds, we find very few identic­al spe­cies (though Asa Gray has lately shown that more plants are identic­al than was formerly sup­posed), but we find in every great class many forms, which some nat­ur­al­ists rank as geo­graph­ic­al races, and oth­ers as dis­tinct spe­cies; and a host of closely al­lied or rep­res­ent­at­ive forms which are ranked by all nat­ur­al­ists as spe­cific­ally dis­tinct.

				As on the land, so in the wa­ters of the sea, a slow south­ern mi­gra­tion of a mar­ine fauna, which, dur­ing the Plio­cene or even a some­what earli­er peri­od, was nearly uni­form along the con­tinu­ous shores of the Po­lar Circle, will ac­count, on the the­ory of modi­fic­a­tion, for many closely al­lied forms now liv­ing in mar­ine areas com­pletely sundered. Thus, I think, we can un­der­stand the pres­ence of some closely al­lied, still ex­ist­ing and ex­tinct ter­tiary forms, on the east­ern and west­ern shores of tem­per­ate North Amer­ica; and the still more strik­ing fact of many closely al­lied crus­ta­ceans (as de­scribed in Dana’s ad­mir­able work), some fish and oth­er mar­ine an­im­als, in­hab­it­ing the Medi­ter­ranean and the seas of Ja­pan—these two areas be­ing now com­pletely sep­ar­ated by the breadth of a whole con­tin­ent and by wide spaces of ocean.

				These cases of close re­la­tion­ship in spe­cies either now or formerly in­hab­it­ing the seas on the east­ern and west­ern shores of North Amer­ica, the Medi­ter­ranean and Ja­pan, and the tem­per­ate lands of North Amer­ica and Europe, are in­ex­plic­able on the the­ory of cre­ation. We can­not main­tain that such spe­cies have been cre­ated alike, in cor­res­pond­ence with the nearly sim­il­ar phys­ic­al con­di­tions of the areas; for if we com­pare, for in­stance, cer­tain parts of South Amer­ica with parts of South Africa or Aus­tralia, we see coun­tries closely sim­il­ar in all their phys­ic­al con­di­tions, with their in­hab­it­ants ut­terly dis­sim­il­ar.

			
			
				Alternate Glacial Periods in the North and South

				But we must re­turn to our more im­me­di­ate sub­ject. I am con­vinced that For­bes’s view may be largely ex­ten­ded. In Europe we meet with the plain­est evid­ence of the Gla­cial peri­od, from the west­ern shores of Bri­tain to the Ur­al range, and south­ward to the Pyren­ees. We may in­fer from the frozen mam­mals and nature of the moun­tain ve­get­a­tion, that Siber­ia was sim­il­arly af­fected. In the Le­ban­on, ac­cord­ing to Dr. Hook­er, per­petu­al snow formerly covered the cent­ral ax­is, and fed gla­ciers which rolled 4,000 feet down the val­leys. The same ob­serv­er has re­cently found great mo­raines at a low level on the At­las range in North Africa. Along the Hi­m­alaya, at points 900 miles apart, gla­ciers have left the marks of their former low des­cent; and in Sikkim, Dr. Hook­er saw maize grow­ing on an­cient and gi­gant­ic mo­raines. South­ward of the Asi­at­ic con­tin­ent, on the op­pos­ite side of the equat­or, we know, from the ex­cel­lent re­searches of Dr. J. Haast and Dr. Hec­tor, that in New Zea­l­and im­mense gla­ciers formerly des­cen­ded to a low level; and the same plants, found by Dr. Hook­er on widely sep­ar­ated moun­tains in this is­land tell the same story of a former cold peri­od. From facts com­mu­nic­ated to me by the Rev. W. B. Clarke, it ap­pears also that there are traces of former gla­cial ac­tion on the moun­tains of the south­east­ern corner of Aus­tralia.

				Look­ing to Amer­ica: in the north­ern half, ice-borne frag­ments of rock have been ob­served on the east­ern side of the con­tin­ent, as far south as lat­it­ude 36 and 37 de­grees, and on the shores of the Pa­cific, where the cli­mate is now so dif­fer­ent, as far south as lat­it­ude 46 de­grees. Er­rat­ic boulders have, also, been no­ticed on the Rocky Moun­tains. In the Cor­dillera of South Amer­ica, nearly un­der the equat­or, gla­ciers once ex­ten­ded far be­low their present level. In cent­ral Chile I ex­amined a vast mound of de­trit­us with great boulders, cross­ing the Por­tillo val­ley, which, there can hardly be a doubt, once formed a huge mo­raine; and Mr. D. For­bes in­forms me that he found in vari­ous parts of the Cor­dillera, from lat­it­ude 13 to 30 de­grees south, at about the height of 12,000 feet, deeply-fur­rowed rocks, re­sem­bling those with which he was fa­mil­i­ar in Nor­way, and like­wise great masses of de­trit­us, in­clud­ing grooved pebbles. Along this whole space of the Cor­dillera true gla­ciers do not now ex­ist even at much more con­sid­er­able heights. Fur­ther south, on both sides of the con­tin­ent, from lat­it­ude 41 de­grees to the south­ern­most ex­tremity, we have the clearest evid­ence of former gla­cial ac­tion, in nu­mer­ous im­mense boulders trans­por­ted far from their par­ent source.

				From these sev­er­al facts, namely, from the gla­cial ac­tion hav­ing ex­ten­ded all round the north­ern and south­ern hemi­spheres—from the peri­od hav­ing been in a geo­lo­gic­al sense re­cent in both hemi­spheres—from its hav­ing las­ted in both dur­ing a great length of time, as may be in­ferred from the amount of work ef­fected—and lastly, from gla­ciers hav­ing re­cently des­cen­ded to a low level along the whole line of the Cor­dillera, it at one time ap­peared to me that we could not avoid the con­clu­sion that the tem­per­at­ure of the whole world had been sim­ul­tan­eously lowered dur­ing the Gla­cial peri­od. But now, Mr. Croll, in a series of ad­mir­able mem­oirs, has at­temp­ted to show that a gla­cial con­di­tion of cli­mate is the res­ult of vari­ous phys­ic­al causes, brought in­to op­er­a­tion by an in­crease in the ec­cent­ri­city of the earth’s or­bit. All these causes tend to­wards the same end; but the most power­ful ap­pears to be the in­dir­ect in­flu­ence of the ec­cent­ri­city of the or­bit upon ocean­ic cur­rents. Ac­cord­ing to Mr. Croll, cold peri­ods reg­u­larly re­cur every ten or fif­teen thou­sand years; and these at long in­ter­vals are ex­tremely severe, ow­ing to cer­tain con­tin­gen­cies, of which the most im­port­ant, as Sir C. Lyell has shown, is the re­l­at­ive po­s­i­tion of the land and wa­ter. Mr. Croll be­lieves that the last great gla­cial peri­od oc­curred about 240,000 years ago, and en­dured, with slight al­ter­a­tions of cli­mate, for about 160,000 years. With re­spect to more an­cient gla­cial peri­ods, sev­er­al geo­lo­gists are con­vinced, from dir­ect evid­ence, that such oc­curred dur­ing the mio­cene and eo­cene form­a­tions, not to men­tion still more an­cient form­a­tions. But the most im­port­ant res­ult for us, ar­rived at by Mr. Croll, is that whenev­er the north­ern hemi­sphere passes through a cold peri­od the tem­per­at­ure of the south­ern hemi­sphere is ac­tu­ally raised, with the win­ters rendered much milder, chiefly through changes in the dir­ec­tion of the ocean cur­rents. So con­versely it will be with the north­ern hemi­sphere, while the south­ern passes through a gla­cial peri­od. This con­clu­sion throws so much light on geo­graph­ic­al dis­tri­bu­tion that I am strongly in­clined to trust in it; but I will first give the facts which de­mand an ex­plan­a­tion.

				In South Amer­ica, Dr. Hook­er has shown that be­sides many closely al­lied spe­cies, between forty and fifty of the flower­ing plants of Tierra del Fuego, form­ing no in­con­sid­er­able part of its scanty flora, are com­mon to North Amer­ica and Europe, enorm­ously re­mote as these areas in op­pos­ite hemi­spheres are from each oth­er. On the lofty moun­tains of equat­ori­al Amer­ica a host of pe­cu­li­ar spe­cies be­long­ing to European gen­era oc­cur. On the Or­gan Moun­tains of Brazil some few tem­per­ate European, some Ant­arc­tic and some An­dean gen­era were found by Gard­ner which do not ex­ist in the low in­ter­ven­ing hot coun­tries. On the Silla of Ca­ra­c­cas the il­lus­tri­ous Hum­boldt long ago found spe­cies be­long­ing to gen­era char­ac­ter­ist­ic of the Cor­dillera.

				In Africa, sev­er­al forms char­ac­ter­ist­ic of Europe, and some few rep­res­ent­at­ives of the flora of the Cape of Good Hope, oc­cur on the moun­tains of Abyssin­ia. At the Cape of Good Hope a very few European spe­cies, be­lieved not to have been in­tro­duced by man, and on the moun­tains sev­er­al rep­res­ent­at­ive European forms are found which have not been dis­covered in the in­ter­trop­ic­al parts of Africa. Dr. Hook­er has also lately shown that sev­er­al of the plants liv­ing on the up­per parts of the lofty is­land of Fernando Po, and on the neigh­bour­ing Cameroon Moun­tains, in the Gulf of Guinea, are closely re­lated to those on the moun­tains of Abyssin­ia, and like­wise to those of tem­per­ate Europe. It now also ap­pears, as I hear from Dr. Hook­er, that some of these same tem­per­ate plants have been dis­covered by the Rev. R. T. Lowe on the moun­tains of the Cape Verde Is­lands. This ex­ten­sion of the same tem­per­ate forms, al­most un­der the equat­or, across the whole con­tin­ent of Africa and to the moun­tains of the Cape Verde ar­chipelago, is one of the most as­ton­ish­ing facts ever re­cor­ded in the dis­tri­bu­tion of plants.

				On the Hi­m­alaya, and on the isol­ated moun­tain ranges of the pen­in­sula of In­dia, on the heights of Ceylon, and on the vol­can­ic cones of Java, many plants oc­cur either identic­ally the same or rep­res­ent­ing each oth­er, and at the same time rep­res­ent­ing plants of Europe not found in the in­ter­ven­ing hot low­lands. A list of the gen­era of plants col­lec­ted on the lofti­er peaks of Java, raises a pic­ture of a col­lec­tion made on a hil­lock in Europe. Still more strik­ing is the fact that pe­cu­li­ar Aus­trali­an forms are rep­res­en­ted by cer­tain plants grow­ing on the sum­mits of the moun­tains of Borneo. Some of these Aus­trali­an forms, as I hear from Dr. Hook­er, ex­tend along the heights of the pen­in­sula of Malacca, and are thinly scattered on the one hand over In­dia, and on the oth­er hand as far north as Ja­pan.

				On the south­ern moun­tains of Aus­tralia, Dr. F. Muller has dis­covered sev­er­al European spe­cies; oth­er spe­cies, not in­tro­duced by man, oc­cur on the low­lands; and a long list can be giv­en, as I am in­formed by Dr. Hook­er, of European gen­era, found in Aus­tralia, but not in the in­ter­me­di­ate tor­rid re­gions. In the ad­mir­able In­tro­duc­tion to the Flora of New Zea­l­and, by Dr. Hook­er, ana­log­ous and strik­ing facts are giv­en in re­gard to the plants of that large is­land. Hence, we see that cer­tain plants grow­ing on the more lofty moun­tains of the trop­ics in all parts of the world, and on the tem­per­ate plains of the north and south, are either the same spe­cies or vari­et­ies of the same spe­cies. It should, how­ever, be ob­served that these plants are not strictly arc­tic forms; for, as Mr. H. C. Wat­son has re­marked, “in re­ced­ing from po­lar to­ward equat­ori­al lat­it­udes, the Alpine or moun­tain flora really be­come less and less Arc­tic.” Be­sides these identic­al and closely al­lied forms, many spe­cies in­hab­it­ing the same widely sundered areas, be­long to gen­era not now found in the in­ter­me­di­ate trop­ic­al low­lands.

				These brief re­marks ap­ply to plants alone; but some few ana­log­ous facts could be giv­en in re­gard to ter­restri­al an­im­als. In mar­ine pro­duc­tions, sim­il­ar cases like­wise oc­cur; as an ex­ample, I may quote a state­ment by the highest au­thor­ity, Prof. Dana, that “it is cer­tainly a won­der­ful fact that New Zea­l­and should have a closer re­semb­lance in its crus­ta­cea to Great Bri­tain, its an­ti­pode, than to any oth­er part of the world.” Sir J. Richard­son, also, speaks of the re­appear­ance on the shores of New Zea­l­and, Tas­mania, etc., of north­ern forms of fish. Dr. Hook­er in­forms me that twenty-five spe­cies of Al­gae are com­mon to New Zea­l­and and to Europe, but have not been found in the in­ter­me­di­ate trop­ic­al seas.

				From the fore­go­ing facts, namely, the pres­ence of tem­per­ate forms on the high­lands across the whole of equat­ori­al Africa, and along the Pen­in­sula of In­dia, to Ceylon and the Malay Ar­chipelago, and in a less well-marked man­ner across the wide ex­panse of trop­ic­al South Amer­ica, it ap­pears al­most cer­tain that at some former peri­od, no doubt dur­ing the most severe part of a Gla­cial peri­od, the low­lands of these great con­tin­ents were every­where ten­an­ted un­der the equat­or by a con­sid­er­able num­ber of tem­per­ate forms. At this peri­od the equat­ori­al cli­mate at the level of the sea was prob­ably about the same with that now ex­per­i­enced at the height of from five to six thou­sand feet un­der the same lat­it­ude, or per­haps even rather cool­er. Dur­ing this, the cold­est peri­od, the low­lands un­der the equat­or must have been clothed with a mingled trop­ic­al and tem­per­ate ve­get­a­tion, like that de­scribed by Hook­er as grow­ing lux­uri­antly at the height of from four to five thou­sand feet on the lower slopes of the Hi­m­alaya, but with per­haps a still great­er pre­pon­der­ance of tem­per­ate forms. So again in the moun­tain­ous is­land of Fernando Po, in the Gulf of Guinea, Mr. Mann found tem­per­ate European forms be­gin­ning to ap­pear at the height of about five thou­sand feet. On the moun­tains of Panama, at the height of only two thou­sand feet, Dr. Seemann found the ve­get­a­tion like that of Mex­ico, “with forms of the tor­rid zone har­mo­ni­ously blen­ded with those of the tem­per­ate.”

				Now let us see wheth­er Mr. Croll’s con­clu­sion that when the north­ern hemi­sphere suffered from the ex­treme cold of the great Gla­cial peri­od, the south­ern hemi­sphere was ac­tu­ally warm­er, throws any clear light on the present ap­par­ently in­ex­plic­able dis­tri­bu­tion of vari­ous or­gan­isms in the tem­per­ate parts of both hemi­spheres, and on the moun­tains of the trop­ics. The Gla­cial peri­od, as meas­ured by years, must have been very long; and when we re­mem­ber over what vast spaces some nat­ur­al­ised plants and an­im­als have spread with­in a few cen­tur­ies, this peri­od will have been ample for any amount of mi­gra­tion. As the cold be­came more and more in­tense, we know that Arc­tic forms in­vaded the tem­per­ate re­gions; and from the facts just giv­en, there can hardly be a doubt that some of the more vig­or­ous, dom­in­ant and widest-spread­ing tem­per­ate forms in­vaded the equat­ori­al low­lands. The in­hab­it­ants of these hot low­lands would at the same time have mi­grated to the trop­ic­al and sub­trop­ic­al re­gions of the south, for the south­ern hemi­sphere was at this peri­od warm­er. On the de­cline of the Gla­cial peri­od, as both hemi­spheres gradu­ally re­covered their former tem­per­at­ure, the north­ern tem­per­ate forms liv­ing on the low­lands un­der the equat­or, would have been driv­en to their former homes or have been des­troyed, be­ing re­placed by the equat­ori­al forms re­turn­ing from the south. Some, how­ever, of the north­ern tem­per­ate forms would al­most cer­tainly have as­cen­ded any ad­join­ing high land, where, if suf­fi­ciently lofty, they would have long sur­vived like the Arc­tic forms on the moun­tains of Europe. They might have sur­vived, even if the cli­mate was not per­fectly fit­ted for them, for the change of tem­per­at­ure must have been very slow, and plants un­doubtedly pos­sess a cer­tain ca­pa­city for ac­cli­mat­isa­tion, as shown by their trans­mit­ting to their off­spring dif­fer­ent con­sti­tu­tion­al powers of res­ist­ing heat and cold.

				In the reg­u­lar course of events the south­ern hemi­sphere would in its turn be sub­jec­ted to a severe Gla­cial peri­od, with the north­ern hemi­sphere rendered warm­er; and then the south­ern tem­per­ate forms would in­vade the equat­ori­al low­lands. The north­ern forms which had be­fore been left on the moun­tains would now des­cend and mingle with the south­ern forms. These lat­ter, when the warmth re­turned, would re­turn to their former homes, leav­ing some few spe­cies on the moun­tains, and car­ry­ing south­ward with them some of the north­ern tem­per­ate forms which had des­cen­ded from their moun­tain fast­nesses. Thus, we should have some few spe­cies identic­ally the same in the north­ern and south­ern tem­per­ate zones and on the moun­tains of the in­ter­me­di­ate trop­ic­al re­gions. But the spe­cies left dur­ing a long time on these moun­tains, or in op­pos­ite hemi­spheres, would have to com­pete with many new forms and would be ex­posed to some­what dif­fer­ent phys­ic­al con­di­tions; hence, they would be em­in­ently li­able to modi­fic­a­tion, and would gen­er­ally now ex­ist as vari­et­ies or as rep­res­ent­at­ive spe­cies; and this is the case. We must, also, bear in mind the oc­cur­rence in both hemi­spheres of former Gla­cial peri­ods; for these will ac­count, in ac­cord­ance with the same prin­ciples, for the many quite dis­tinct spe­cies in­hab­it­ing the same widely sep­ar­ated areas, and be­long­ing to gen­era not now found in the in­ter­me­di­ate tor­rid zones.

				It is a re­mark­able fact, strongly in­sisted on by Hook­er in re­gard to Amer­ica, and by Al­ph. de Can­dolle in re­gard to Aus­tralia, that many more identic­al or slightly mod­i­fied spe­cies have mi­grated from the north to the south, than in a re­versed dir­ec­tion. We see, how­ever, a few south­ern forms on the moun­tains of Borneo and Abyssin­ia. I sus­pect that this pre­pon­der­ant mi­gra­tion from the north to the south is due to the great­er ex­tent of land in the north, and to the north­ern forms hav­ing ex­is­ted in their own homes in great­er num­bers, and hav­ing con­sequently been ad­vanced through nat­ur­al se­lec­tion and com­pet­i­tion to a high­er stage of per­fec­tion, or dom­in­at­ing power, than the south­ern forms. And thus, when the two sets be­came com­mingled in the equat­ori­al re­gions, dur­ing the al­tern­a­tions of the Gla­cial peri­ods, the north­ern forms were the more power­ful and were able to hold their places on the moun­tains, and af­ter­wards mi­grate south­ward with the south­ern forms; but not so the south­ern in re­gard to the north­ern forms. In the same man­ner, at the present day, we see that very many European pro­duc­tions cov­er the ground in La Plata, New Zea­l­and, and to a less­er de­gree in Aus­tralia, and have beaten the nat­ives; where­as ex­tremely few south­ern forms have be­come nat­ur­al­ised in any part of the north­ern hemi­sphere, though hides, wool, and oth­er ob­jects likely to carry seeds have been largely im­por­ted in­to Europe dur­ing the last two or three cen­tur­ies from La Plata and dur­ing the last forty or fifty years from Aus­tralia. The Neilgher­rie Moun­tains in In­dia, how­ever, of­fer a par­tial ex­cep­tion; for here, as I hear from Dr. Hook­er, Aus­trali­an forms are rap­idly sow­ing them­selves and be­com­ing nat­ur­al­ised. Be­fore the last great Gla­cial peri­od, no doubt the in­ter­trop­ic­al moun­tains were stocked with en­dem­ic Alpine forms; but these have al­most every­where yiel­ded to the more dom­in­ant forms gen­er­ated in the lar­ger areas and more ef­fi­cient work­shops of the north. In many is­lands the nat­ive pro­duc­tions are nearly equalled, or even out­numbered, by those which have be­come nat­ur­al­ised; and this is the first stage to­wards their ex­tinc­tion. Moun­tains are is­lands on the land; and their in­hab­it­ants have yiel­ded to those pro­duced with­in the lar­ger areas of the north, just in the same way as the in­hab­it­ants of real is­lands have every­where yiel­ded and are still yield­ing to con­tin­ent­al forms nat­ur­al­ised through man’s agency.

				The same prin­ciples ap­ply to the dis­tri­bu­tion of ter­restri­al an­im­als and of mar­ine pro­duc­tions, in the north­ern and south­ern tem­per­ate zones, and on the in­ter­trop­ic­al moun­tains. When, dur­ing the height of the Gla­cial peri­od, the ocean-cur­rents were widely dif­fer­ent to what they now are, some of the in­hab­it­ants of the tem­per­ate seas might have reached the equat­or; of these a few would per­haps at once be able to mi­grate south­wards, by keep­ing to the cool­er cur­rents, while oth­ers might re­main and sur­vive in the colder depths un­til the south­ern hemi­sphere was in its turn sub­jec­ted to a gla­cial cli­mate and per­mit­ted their fur­ther pro­gress; in nearly the same man­ner as, ac­cord­ing to For­bes, isol­ated spaces in­hab­ited by Arc­tic pro­duc­tions ex­ist to the present day in the deep­er parts of the north­ern tem­per­ate seas.

				I am far from sup­pos­ing that all the dif­fi­culties in re­gard to the dis­tri­bu­tion and af­fin­it­ies of the identic­al and al­lied spe­cies, which now live so widely sep­ar­ated in the north and south, and some­times on the in­ter­me­di­ate moun­tain ranges, are re­moved on the views above giv­en. The ex­act lines of mi­gra­tion can­not be in­dic­ated. We can­not say why cer­tain spe­cies and not oth­ers have mi­grated; why cer­tain spe­cies have been mod­i­fied and have giv­en rise to new forms, while oth­ers have re­mained un­altered. We can­not hope to ex­plain such facts, un­til we can say why one spe­cies and not an­oth­er be­comes nat­ur­al­ised by man’s agency in a for­eign land; why one spe­cies ranges twice or thrice as far, and is twice or thrice as com­mon, as an­oth­er spe­cies with­in their own homes.

				Vari­ous spe­cial dif­fi­culties also re­main to be solved; for in­stance, the oc­cur­rence, as shown by Dr. Hook­er, of the same plants at points so enorm­ously re­mote as Kerguelen Land, New Zea­l­and, and Fue­gia; but ice­bergs, as sug­ges­ted by Lyell, may have been con­cerned in their dis­pers­al. The ex­ist­ence at these and oth­er dis­tant points of the south­ern hemi­sphere, of spe­cies, which, though dis­tinct, be­long to gen­era ex­clus­ively con­fined to the south, is a more re­mark­able case. Some of these spe­cies are so dis­tinct, that we can­not sup­pose that there has been time since the com­mence­ment of the last Gla­cial peri­od for their mi­gra­tion and sub­sequent modi­fic­a­tion to the ne­ces­sary de­gree. The facts seem to in­dic­ate that dis­tinct spe­cies be­long­ing to the same gen­era have mi­grated in ra­di­at­ing lines from a com­mon centre; and I am in­clined to look in the south­ern, as in the north­ern hemi­sphere, to a former and warm­er peri­od, be­fore the com­mence­ment of the last Gla­cial peri­od, when the Ant­arc­tic lands, now covered with ice, sup­por­ted a highly pe­cu­li­ar and isol­ated flora. It may be sus­pec­ted that be­fore this flora was ex­term­in­ated dur­ing the last Gla­cial epoch, a few forms had been already widely dis­persed to vari­ous points of the south­ern hemi­sphere by oc­ca­sion­al means of trans­port, and by the aid, as halt­ing-places, of now sunken is­lands. Thus the south­ern shores of Amer­ica, Aus­tralia, and New Zea­l­and may have be­come slightly tin­ted by the same pe­cu­li­ar forms of life.

				Sir C. Lyell in a strik­ing pas­sage has spec­u­lated, in lan­guage al­most identic­al with mine, on the ef­fects of great al­tern­a­tions of cli­mate through­out the world on geo­graph­ic­al dis­tri­bu­tion. And we have now seen that Mr. Croll’s con­clu­sion that suc­cess­ive Gla­cial peri­ods in the one hemi­sphere co­in­cide with warm­er peri­ods in the op­pos­ite hemi­sphere, to­geth­er with the ad­mis­sion of the slow modi­fic­a­tion of spe­cies, ex­plains a mul­ti­tude of facts in the dis­tri­bu­tion of the same and of the al­lied forms of life in all parts of the globe. The liv­ing wa­ters have flowed dur­ing one peri­od from the north and dur­ing an­oth­er from the south, and in both cases have reached the equat­or; but the stream of life has flowed with great­er force from the north than in the op­pos­ite dir­ec­tion, and has con­sequently more freely in­und­ated the south. As the tide leaves its drift in ho­ri­zont­al lines, rising high­er on the shores where the tide rises highest, so have the liv­ing wa­ters left their liv­ing drift on our moun­tain sum­mits, in a line gently rising from the Arc­tic low­lands to a great lat­it­ude un­der the equat­or. The vari­ous be­ings thus left stran­ded may be com­pared with sav­age races of man, driv­en up and sur­viv­ing in the moun­tain fast­nesses of al­most every land, which serves as a re­cord, full of in­terest to us, of the former in­hab­it­ants of the sur­round­ing low­lands.

			
		
	
		
			
				XIII

				Geo­graph­ic­al Dis­tri­bu­tion—Con­tin­ued

			
			
				Freshwater Productions

				As lakes and river-sys­tems are sep­ar­ated from each oth­er by bar­ri­ers of land, it might have been thought that fresh­wa­ter pro­duc­tions would not have ranged widely with­in the same coun­try, and as the sea is ap­par­ently a still more for­mid­able bar­ri­er, that they would nev­er have ex­ten­ded to dis­tant coun­tries. But the case is ex­actly the re­verse. Not only have many fresh­wa­ter spe­cies, be­long­ing to dif­fer­ent classes, an enorm­ous range, but al­lied spe­cies pre­vail in a re­mark­able man­ner through­out the world. When first col­lect­ing in the fresh wa­ters of Brazil, I well re­mem­ber feel­ing much sur­prise at the sim­il­ar­ity of the fresh­wa­ter in­sects, shells, etc., and at the dis­sim­il­ar­ity of the sur­round­ing ter­restri­al be­ings, com­pared with those of Bri­tain.

				But the wide ran­ging power of fresh­wa­ter pro­duc­tions can, I think, in most cases be ex­plained by their hav­ing be­come fit­ted, in a man­ner highly use­ful to them, for short and fre­quent mi­gra­tions from pond to pond, or from stream to stream, with­in their own coun­tries; and li­ab­il­ity to wide dis­pers­al would fol­low from this ca­pa­city as an al­most ne­ces­sary con­sequence. We can here con­sider only a few cases; of these, some of the most dif­fi­cult to ex­plain are presen­ted by fish. It was formerly be­lieved that the same fresh­wa­ter spe­cies nev­er ex­is­ted on two con­tin­ents dis­tant from each oth­er. But Dr. Gun­ther has lately shown that the Galaxi­as at­ten­uatus in­hab­its Tas­mania, New Zea­l­and, the Falk­land Is­lands and the main­land of South Amer­ica. This is a won­der­ful case, and prob­ably in­dic­ates dis­pers­al from an Ant­arc­tic centre dur­ing a former warm peri­od. This case, how­ever, is rendered in some de­gree less sur­pris­ing by the spe­cies of this genus hav­ing the power of cross­ing by some un­known means con­sid­er­able spaces of open ocean: thus there is one spe­cies com­mon to New Zea­l­and and to the Auck­land Is­lands, though sep­ar­ated by a dis­tance of about 230 miles. On the same con­tin­ent fresh­wa­ter fish of­ten range widely, and as if ca­pri­ciously; for in two ad­join­ing river sys­tems some of the spe­cies may be the same and some wholly dif­fer­ent.

				It is prob­able that they are oc­ca­sion­ally trans­por­ted by what may be called ac­ci­dent­al means. Thus fishes still alive are not very rarely dropped at dis­tant points by whirl­winds; and it is known that the ova re­tain their vi­tal­ity for a con­sid­er­able time after re­mov­al from the wa­ter. Their dis­pers­al may, how­ever, be mainly at­trib­uted to changes in the level of the land with­in the re­cent peri­od, caus­ing rivers to flow in­to each oth­er. In­stances, also, could be giv­en of this hav­ing oc­curred dur­ing floods, without any change of level. The wide dif­fer­ences of the fish on the op­pos­ite sides of most moun­tain-ranges, which are con­tinu­ous and con­sequently must, from an early peri­od, have com­pletely pre­ven­ted the in­os­cu­la­tion of the river sys­tems on the two sides, leads to the same con­clu­sion. Some fresh­wa­ter fish be­long to very an­cient forms, and in such cases there will have been ample time for great geo­graph­ic­al changes, and con­sequently time and means for much mi­gra­tion. Moreover, Dr. Gun­ther has re­cently been led by sev­er­al con­sid­er­a­tions to in­fer that with fishes the same forms have a long en­dur­ance. Salt­water fish can with care be slowly ac­cus­tomed to live in fresh wa­ter; and, ac­cord­ing to Valen­ciennes, there is hardly a single group of which all the mem­bers are con­fined to fresh wa­ter, so that a mar­ine spe­cies be­long­ing to a fresh­wa­ter group might travel far along the shores of the sea, and could, it is prob­able, be­come ad­ap­ted without much dif­fi­culty to the fresh wa­ters of a dis­tant land.

				Some spe­cies of fresh­wa­ter shells have very wide ranges, and al­lied spe­cies which, on our the­ory, are des­cen­ded from a com­mon par­ent, and must have pro­ceeded from a single source, pre­vail through­out the world. Their dis­tri­bu­tion at first per­plexed me much, as their ova are not likely to be trans­por­ted by birds; and the ova, as well as the adults, are im­me­di­ately killed by sea­wa­ter. I could not even un­der­stand how some nat­ur­al­ised spe­cies have spread rap­idly through­out the same coun­try. But two facts, which I have ob­served—and many oth­ers no doubt will be dis­covered—throw some light on this sub­ject. When ducks sud­denly emerge from a pond covered with duck­weed, I have twice seen these little plants ad­her­ing to their backs; and it has happened to me, in re­mov­ing a little duck­weed from one aquar­i­um to an­oth­er, that I have un­in­ten­tion­ally stocked the one with fresh­wa­ter shells from the oth­er. But an­oth­er agency is per­haps more ef­fec­tu­al: I sus­pen­ded the feet of a duck in an aquar­i­um, where many ova of fresh­wa­ter shells were hatch­ing; and I found that num­bers of the ex­tremely minute and just-hatched shells crawled on the feet, and clung to them so firmly that when taken out of the wa­ter they could not be jarred off, though at a some­what more ad­vanced age they would vol­un­tar­ily drop off. These just-hatched mol­luscs, though aquat­ic in their nature, sur­vived on the duck’s feet, in damp air, from twelve to twenty hours; and in this length of time a duck or her­on might fly at least six or sev­en hun­dred miles, and if blown across the sea to an ocean­ic is­land, or to any oth­er dis­tant point, would be sure to alight on a pool or rivu­let. Sir Charles Lyell in­forms me that a Dyti­c­us has been caught with an An­cyl­us (a fresh­wa­ter shell like a limpet) firmly ad­her­ing to it; and a wa­ter-beetle of the same fam­ily, a Co­lymbetes, once flew on board the Beagle, when forty-five miles dis­tant from the nearest land: how much farther it might have been blown by a fa­vour­ing gale no one can tell.

				With re­spect to plants, it has long been known what enorm­ous ranges many fresh­wa­ter, and even marsh-spe­cies, have, both over con­tin­ents and to the most re­mote ocean­ic is­lands. This is strik­ingly il­lus­trated, ac­cord­ing to Al­ph. de Can­dolle, in those large groups of ter­restri­al plants, which have very few aquat­ic mem­bers; for the lat­ter seem im­me­di­ately to ac­quire, as if in con­sequence, a wide range. I think fa­vour­able means of dis­pers­al ex­plain this fact. I have be­fore men­tioned that earth oc­ca­sion­ally ad­heres in some quant­ity to the feet and beaks of birds. Wad­ing birds, which fre­quent the muddy edges of ponds, if sud­denly flushed, would be the most likely to have muddy feet. Birds of this or­der wander more than those of any oth­er; and are oc­ca­sion­ally found on the most re­mote and bar­ren is­lands of the open ocean; they would not be likely to alight on the sur­face of the sea, so that any dirt on their feet would not be washed off; and when gain­ing the land, they would be sure to fly to their nat­ur­al fresh­wa­ter haunts. I do not be­lieve that bot­an­ists are aware how charged the mud of ponds is with seeds: I have tried sev­er­al little ex­per­i­ments, but will here give only the most strik­ing case: I took in Feb­ru­ary three ta­ble­spoon­fuls of mud from three dif­fer­ent points, be­neath wa­ter, on the edge of a little pond; this mud when dry weighed only 6 and ¾ ounces; I kept it covered up in my study for six months, pulling up and count­ing each plant as it grew; the plants were of many kinds, and were al­to­geth­er 537 in num­ber; and yet the vis­cid mud was all con­tained in a break­fast cup! Con­sid­er­ing these facts, I think it would be an in­ex­plic­able cir­cum­stance if wa­ter­birds did not trans­port the seeds of fresh­wa­ter plants to un­stocked ponds and streams, situ­ated at very dis­tant points. The same agency may have come in­to play with the eggs of some of the smal­ler fresh­wa­ter an­im­als.

				Oth­er and un­known agen­cies prob­ably have also played a part. I have stated that fresh­wa­ter fish eat some kinds of seeds, though they re­ject many oth­er kinds after hav­ing swal­lowed them; even small fish swal­low seeds of mod­er­ate size, as of the yel­low wa­ter-lily and Pot­amo­geton. Her­ons and oth­er birds, cen­tury after cen­tury, have gone on daily de­vour­ing fish; they then take flight and go to oth­er wa­ters, or are blown across the sea; and we have seen that seeds re­tain their power of ger­min­a­tion, when re­jec­ted many hours af­ter­wards in pel­lets or in the ex­cre­ment. When I saw the great size of the seeds of that fine wa­ter-lily, the Ne­lumbi­um, and re­membered Al­ph. de Can­dolle’s re­marks on the dis­tri­bu­tion of this plant, I thought that the means of its dis­pers­al must re­main in­ex­plic­able; but Audu­bon states that he found the seeds of the great south­ern wa­ter-lily (prob­ably ac­cord­ing to Dr. Hook­er, the Ne­lumbi­um luteum) in a her­on’s stom­ach. Now this bird must of­ten have flown with its stom­ach thus well stocked to dis­tant ponds, and, then get­ting a hearty meal of fish, ana­logy makes me be­lieve that it would have re­jec­ted the seeds in the pel­let in a fit state for ger­min­a­tion.

				In con­sid­er­ing these sev­er­al means of dis­tri­bu­tion, it should be re­membered that when a pond or stream is first formed, for in­stance on a rising is­let, it will be un­oc­cu­pied; and a single seed or egg will have a good chance of suc­ceed­ing. Al­though there will al­ways be a struggle for life between the in­hab­it­ants of the same pond, how­ever few in kind, yet as the num­ber even in a well-stocked pond is small in com­par­is­on with the num­ber of spe­cies in­hab­it­ing an equal area of land, the com­pet­i­tion between them will prob­ably be less severe than between ter­restri­al spe­cies; con­sequently an in­truder from the wa­ters of a for­eign coun­try would have a bet­ter chance of seiz­ing on a new place, than in the case of ter­restri­al col­on­ists. We should also re­mem­ber that many fresh­wa­ter pro­duc­tions are low in the scale of nature, and we have reas­on to be­lieve that such be­ings be­come mod­i­fied more slowly than the high; and this will give time for the mi­gra­tion of aquat­ic spe­cies. We should not for­get the prob­ab­il­ity of many fresh­wa­ter forms hav­ing formerly ranged con­tinu­ously over im­mense areas, and then hav­ing be­come ex­tinct at in­ter­me­di­ate points. But the wide dis­tri­bu­tion of fresh­wa­ter plants, and of the lower an­im­als, wheth­er re­tain­ing the same identic­al form, or in some de­gree mod­i­fied, ap­par­ently de­pends in main part on the wide dis­pers­al of their seeds and eggs by an­im­als, more es­pe­cially by fresh­wa­ter birds, which have great powers of flight, and nat­ur­ally travel from one piece of wa­ter to an­oth­er.

			
			
				On the Inhabitants of Oceanic Islands

				We now come to the last of the three classes of facts, which I have se­lec­ted as present­ing the greatest amount of dif­fi­culty with re­spect to dis­tri­bu­tion, on the view that not only all the in­di­vidu­als of the same spe­cies have mi­grated from some one area, but that al­lied spe­cies, al­though now in­hab­it­ing the most dis­tant points, have pro­ceeded from a single area, the birth­place of their early pro­gen­it­ors. I have already giv­en my reas­ons for dis­be­liev­ing in con­tin­ent­al ex­ten­sions with­in the peri­od of ex­ist­ing spe­cies on so enorm­ous a scale that all the many is­lands of the sev­er­al oceans were thus stocked with their present ter­restri­al in­hab­it­ants. This view re­moves many dif­fi­culties, but it does not ac­cord with all the facts in re­gard to the pro­duc­tions of is­lands. In the fol­low­ing re­marks I shall not con­fine my­self to the mere ques­tion of dis­pers­al, but shall con­sider some oth­er cases bear­ing on the truth of the two the­or­ies of in­de­pend­ent cre­ation and of des­cent with modi­fic­a­tion.

				The spe­cies of all kinds which in­hab­it ocean­ic is­lands are few in num­ber com­pared with those on equal con­tin­ent­al areas: Al­ph. de Can­dolle ad­mits this for plants, and Wol­la­ston for in­sects. New Zea­l­and, for in­stance, with its lofty moun­tains and di­ver­si­fied sta­tions, ex­tend­ing over 780 miles of lat­it­ude, to­geth­er with the outly­ing is­lands of Auck­land, Camp­bell and Chath­am, con­tain al­to­geth­er only 960 kinds of flower­ing plants; if we com­pare this mod­er­ate num­ber with the spe­cies which swarm over equal areas in South­west­ern Aus­tralia or at the Cape of Good Hope, we must ad­mit that some cause, in­de­pend­ently of dif­fer­ent phys­ic­al con­di­tions, has giv­en rise to so great a dif­fer­ence in num­ber. Even the uni­form county of Cam­bridge has 847 plants, and the little is­land of Angle­sea 764, but a few ferns and a few in­tro­duced plants are in­cluded in these num­bers, and the com­par­is­on in some oth­er re­spects is not quite fair. We have evid­ence that the bar­ren is­land of As­cen­sion ab­ori­gin­ally pos­sessed less than half-a-dozen flower­ing plants; yet many spe­cies have now be­come nat­ur­al­ised on it, as they have in New Zea­l­and and on every oth­er ocean­ic is­land which can be named. In St. Helena there is reas­on to be­lieve that the nat­ur­al­ised plants and an­im­als have nearly or quite ex­term­in­ated many nat­ive pro­duc­tions. He who ad­mits the doc­trine of the cre­ation of each sep­ar­ate spe­cies, will have to ad­mit that a suf­fi­cient num­ber of the best ad­ap­ted plants and an­im­als were not cre­ated for ocean­ic is­lands; for man has un­in­ten­tion­ally stocked them far more fully and per­fectly than did nature.

				Al­though in ocean­ic is­lands the spe­cies are few in num­ber, the pro­por­tion of en­dem­ic kinds (i.e. those found nowhere else in the world) is of­ten ex­tremely large. If we com­pare, for in­stance, the num­ber of en­dem­ic land-shells in Madeira, or of en­dem­ic birds in the Galapa­gos Ar­chipelago, with the num­ber found on any con­tin­ent, and then com­pare the area of the is­land with that of the con­tin­ent, we shall see that this is true. This fact might have been the­or­et­ic­ally ex­pec­ted, for, as already ex­plained, spe­cies oc­ca­sion­ally ar­riv­ing, after long in­ter­vals of time in the new and isol­ated dis­trict, and hav­ing to com­pete with new as­so­ci­ates, would be em­in­ently li­able to modi­fic­a­tion, and would of­ten pro­duce groups of mod­i­fied des­cend­ants. But it by no means fol­lows that, be­cause in an is­land nearly all the spe­cies of one class are pe­cu­li­ar, those of an­oth­er class, or of an­oth­er sec­tion of the same class, are pe­cu­li­ar; and this dif­fer­ence seems to de­pend partly on the spe­cies which are not mod­i­fied hav­ing im­mig­rated in a body, so that their mu­tu­al re­la­tions have not been much dis­turbed; and partly on the fre­quent ar­rival of un­mod­i­fied im­mig­rants from the moth­er-coun­try, with which the in­su­lar forms have in­ter­crossed. It should be borne in mind that the off­spring of such crosses would cer­tainly gain in vigour; so that even an oc­ca­sion­al cross would pro­duce more ef­fect than might have been an­ti­cip­ated. I will give a few il­lus­tra­tions of the fore­go­ing re­marks: in the Galapa­gos Is­lands there are twenty-six land birds; of these twenty-one (or per­haps twenty-three) are pe­cu­li­ar; where­as of the el­ev­en mar­ine birds only two are pe­cu­li­ar; and it is ob­vi­ous that mar­ine birds could ar­rive at these is­lands much more eas­ily and fre­quently than land-birds. Ber­muda, on the oth­er hand, which lies at about the same dis­tance from North Amer­ica as the Galapa­gos Is­lands do from South Amer­ica, and which has a very pe­cu­li­ar soil, does not pos­sess a single en­dem­ic land bird; and we know from Mr. J. M. Jones’s ad­mir­able ac­count of Ber­muda, that very many North Amer­ic­an birds oc­ca­sion­ally or even fre­quently vis­it this is­land. Al­most every year, as I am in­formed by Mr. E. V. Har­court, many European and Afric­an birds are blown to Madeira; this is­land is in­hab­ited by ninety-nine kinds, of which one alone is pe­cu­li­ar, though very closely re­lated to a European form; and three or four oth­er spe­cies are con­fined to this is­land and to the Ca­nar­ies. So that the is­lands of Ber­muda and Madeira have been stocked from the neigh­bour­ing con­tin­ents with birds, which for long ages have there struggled to­geth­er, and have be­come mu­tu­ally co-ad­ap­ted. Hence, when settled in their new homes, each kind will have been kept by the oth­ers to its prop­er place and habits, and will con­sequently have been but little li­able to modi­fic­a­tion. Any tend­ency to modi­fic­a­tion will also have been checked by in­ter­cross­ing with the un­mod­i­fied im­mig­rants, of­ten ar­riv­ing from the moth­er-coun­try. Madeira again is in­hab­ited by a won­der­ful num­ber of pe­cu­li­ar land-shells, where­as not one spe­cies of sea­shell is pe­cu­li­ar to its shores: now, though we do not know how sea­shells are dis­persed, yet we can see that their eggs or lar­vae, per­haps at­tached to sea­weed or float­ing tim­ber, or to the feet of wad­ing birds, might be trans­por­ted across three or four hun­dred miles of open sea far more eas­ily than land-shells. The dif­fer­ent or­ders of in­sects in­hab­it­ing Madeira present nearly par­al­lel cases.

				Ocean­ic is­lands are some­times de­fi­cient in an­im­als of cer­tain whole classes, and their places are oc­cu­pied by oth­er classes; thus in the Galapa­gos Is­lands rep­tiles, and in New Zea­l­and gi­gant­ic wing­less birds, take, or re­cently took, the place of mam­mals. Al­though New Zea­l­and is here spoken of as an ocean­ic is­land, it is in some de­gree doubt­ful wheth­er it should be so ranked; it is of large size, and is not sep­ar­ated from Aus­tralia by a pro­foundly deep sea; from its geo­lo­gic­al char­ac­ter and the dir­ec­tion of its moun­tain ranges, the Rev. W. B. Clarke has lately main­tained that this is­land, as well as New Cale­do­nia, should be con­sidered as ap­pur­ten­ances of Aus­tralia. Turn­ing to plants, Dr. Hook­er has shown that in the Galapa­gos Is­lands the pro­por­tion­al num­bers of the dif­fer­ent or­ders are very dif­fer­ent from what they are else­where. All such dif­fer­ences in num­ber, and the ab­sence of cer­tain whole groups of an­im­als and plants, are gen­er­ally ac­coun­ted for by sup­posed dif­fer­ences in the phys­ic­al con­di­tions of the is­lands; but this ex­plan­a­tion is not a little doubt­ful. Fa­cil­ity of im­mig­ra­tion seems to have been fully as im­port­ant as the nature of the con­di­tions.

				Many re­mark­able little facts could be giv­en with re­spect to the in­hab­it­ants of ocean­ic is­lands. For in­stance, in cer­tain is­lands not ten­an­ted by a single mam­mal, some of the en­dem­ic plants have beau­ti­fully hooked seeds; yet few re­la­tions are more mani­fest than that hooks serve for the trans­portal of seeds in the wool or fur of quad­ru­peds. But a hooked seed might be car­ried to an is­land by oth­er means; and the plant then be­com­ing mod­i­fied would form an en­dem­ic spe­cies, still re­tain­ing its hooks, which would form a use­less ap­pend­age, like the shriv­elled wings un­der the soldered wing-cov­ers of many in­su­lar beetles. Again, is­lands of­ten pos­sess trees or bushes be­long­ing to or­ders which else­where in­clude only herb­aceous spe­cies; now trees, as Al­ph. de Can­dolle has shown, gen­er­ally have, whatever the cause may be, con­fined ranges. Hence trees would be little likely to reach dis­tant ocean­ic is­lands; and an herb­aceous plant, which had no chance of suc­cess­fully com­pet­ing with the many fully de­veloped trees grow­ing on a con­tin­ent, might, when es­tab­lished on an is­land, gain an ad­vant­age over oth­er herb­aceous plants by grow­ing taller and taller and over­top­ping them. In this case, nat­ur­al se­lec­tion would tend to add to the stature of the plant, to whatever or­der it be­longed, and thus first con­vert it in­to a bush and then in­to a tree.

			
			
				Absence of Batrachians and Terrestrial Mammals on Oceanic Islands

				With re­spect to the ab­sence of whole or­ders of an­im­als on ocean­ic is­lands, Bory St. Vin­cent long ago re­marked that Bat­ra­chi­ans (frogs, toads, newts) are nev­er found on any of the many is­lands with which the great oceans are stud­ded. I have taken pains to veri­fy this as­ser­tion, and have found it true, with the ex­cep­tion of New Zea­l­and, New Cale­do­nia, the An­da­m­an Is­lands, and per­haps the So­lomon Is­lands and the Seychelles. But I have already re­marked that it is doubt­ful wheth­er New Zea­l­and and New Cale­do­nia ought to be classed as ocean­ic is­lands; and this is still more doubt­ful with re­spect to the An­da­m­an and So­lomon groups and the Seychelles. This gen­er­al ab­sence of frogs, toads and newts on so many true ocean­ic is­lands can­not be ac­coun­ted for by their phys­ic­al con­di­tions; in­deed it seems that is­lands are pe­cu­li­arly fit­ted for these an­im­als; for frogs have been in­tro­duced in­to Madeira, the Azores, and Maur­i­ti­us, and have mul­ti­plied so as to be­come a nuis­ance. But as these an­im­als and their spawn are im­me­di­ately killed (with the ex­cep­tion, as far as known, of one In­di­an spe­cies) by sea­wa­ter, there would be great dif­fi­culty in their trans­portal across the sea, and there­fore we can see why they do not ex­ist on strictly ocean­ic is­lands. But why, on the the­ory of cre­ation, they should not have been cre­ated there, it would be very dif­fi­cult to ex­plain.

				Mam­mals of­fer an­oth­er and sim­il­ar case. I have care­fully searched the old­est voy­ages, and have not found a single in­stance, free from doubt, of a ter­restri­al mam­mal (ex­clud­ing do­mest­ic­ated an­im­als kept by the nat­ives) in­hab­it­ing an is­land situ­ated above 300 miles from a con­tin­ent or great con­tin­ent­al is­land; and many is­lands situ­ated at a much less dis­tance are equally bar­ren. The Falk­land Is­lands, which are in­hab­ited by a wolf-like fox, come nearest to an ex­cep­tion; but this group can­not be con­sidered as ocean­ic, as it lies on a bank in con­nec­tion with the main­land at a dis­tance of about 280 miles; moreover, ice­bergs formerly brought boulders to its west­ern shores, and they may have formerly trans­por­ted foxes, as now fre­quently hap­pens in the arc­tic re­gions. Yet it can­not be said that small is­lands will not sup­port at least small mam­mals, for they oc­cur in many parts of the world on very small is­lands, when ly­ing close to a con­tin­ent; and hardly an is­land can be named on which our smal­ler quad­ru­peds have not be­come nat­ur­al­ised and greatly mul­ti­plied. It can­not be said, on the or­din­ary view of cre­ation, that there has not been time for the cre­ation of mam­mals; many vol­can­ic is­lands are suf­fi­ciently an­cient, as shown by the stu­pendous de­grad­a­tion which they have suffered, and by their ter­tiary strata: there has also been time for the pro­duc­tion of en­dem­ic spe­cies be­long­ing to oth­er classes; and on con­tin­ents it is known that new spe­cies of mam­mals ap­pear and dis­ap­pear at a quick­er rate than oth­er and lower an­im­als. Al­though ter­restri­al mam­mals do not oc­cur on ocean­ic is­lands, aer­i­al mam­mals do oc­cur on al­most every is­land. New Zea­l­and pos­sesses two bats found nowhere else in the world: Nor­folk Is­land, the Viti Ar­chipelago, the Bon­in Is­lands, the Car­oline and Mari­anne Ar­chipela­goes, and Maur­i­ti­us, all pos­sess their pe­cu­li­ar bats. Why, it may be asked, has the sup­posed cre­at­ive force pro­duced bats and no oth­er mam­mals on re­mote is­lands? On my view this ques­tion can eas­ily be answered; for no ter­restri­al mam­mal can be trans­por­ted across a wide space of sea, but bats can fly across. Bats have been seen wan­der­ing by day far over the At­lantic Ocean; and two North Amer­ic­an spe­cies, either reg­u­larly or oc­ca­sion­ally, vis­it Ber­muda, at the dis­tance of 600 miles from the main­land. I hear from Mr. Tomes, who has spe­cially stud­ied this fam­ily, that many spe­cies have enorm­ous ranges, and are found on con­tin­ents and on far dis­tant is­lands. Hence, we have only to sup­pose that such wan­der­ing spe­cies have been mod­i­fied in their new homes in re­la­tion to their new po­s­i­tion, and we can un­der­stand the pres­ence of en­dem­ic bats on ocean­ic is­lands, with the ab­sence of all oth­er ter­restri­al mam­mals.

				An­oth­er in­ter­est­ing re­la­tion ex­ists, namely, between the depth of the sea sep­ar­at­ing is­lands from each oth­er, or from the nearest con­tin­ent, and the de­gree of af­fin­ity of their mam­mali­an in­hab­it­ants. Mr. Wind­sor Earl has made some strik­ing ob­ser­va­tions on this head, since greatly ex­ten­ded by Mr. Wal­lace’s ad­mir­able re­searches, in re­gard to the great Malay Ar­chipelago, which is tra­versed near Celebes by a space of deep ocean, and this sep­ar­ates two widely dis­tinct mam­mali­an faunas. On either side, the is­lands stand on a mod­er­ately shal­low sub­mar­ine bank, and these is­lands are in­hab­ited by the same or by closely al­lied quad­ru­peds. I have not as yet had time to fol­low up this sub­ject in all quar­ters of the world; but as far as I have gone, the re­la­tion holds good. For in­stance, Bri­tain is sep­ar­ated by a shal­low chan­nel from Europe, and the mam­mals are the same on both sides; and so it is with all the is­lands near the shores of Aus­tralia. The West In­di­an Is­lands, on the oth­er hand, stand on a deeply sub­merged bank, nearly one thou­sand fathoms in depth, and here we find Amer­ic­an forms, but the spe­cies and even the gen­era are quite dis­tinct. As the amount of modi­fic­a­tion which an­im­als of all kinds un­der­go partly de­pends on the lapse of time, and as the is­lands which are sep­ar­ated from each oth­er, or from the main­land, by shal­low chan­nels, are more likely to have been con­tinu­ously united with­in a re­cent peri­od than the is­lands sep­ar­ated by deep­er chan­nels, we can un­der­stand how it is that a re­la­tion ex­ists between the depth of the sea sep­ar­at­ing two mam­mali­an faunas, and the de­gree of their af­fin­ity, a re­la­tion which is quite in­ex­plic­able on the the­ory of in­de­pend­ent acts of cre­ation.

				The fore­go­ing state­ments in re­gard to the in­hab­it­ants of ocean­ic is­lands, namely, the few­ness of the spe­cies, with a large pro­por­tion con­sist­ing of en­dem­ic forms—the mem­bers of cer­tain groups, but not those of oth­er groups in the same class, hav­ing been mod­i­fied—the ab­sence of cer­tain whole or­ders, as of bat­ra­chi­ans and of ter­restri­al mam­mals, not­with­stand­ing the pres­ence of aer­i­al bats, the sin­gu­lar pro­por­tions of cer­tain or­ders of plants, herb­aceous forms hav­ing been de­veloped in­to trees, etc., seem to me to ac­cord bet­ter with the be­lief in the ef­fi­ciency of oc­ca­sion­al means of trans­port, car­ried on dur­ing a long course of time, than with the be­lief in the former con­nec­tion of all ocean­ic is­lands with the nearest con­tin­ent; for on this lat­ter view it is prob­able that the vari­ous classes would have im­mig­rated more uni­formly, and from the spe­cies hav­ing entered in a body, their mu­tu­al re­la­tions would not have been much dis­turbed, and con­sequently, they would either have not been mod­i­fied, or all the spe­cies in a more equable man­ner.

				I do not deny that there are many and ser­i­ous dif­fi­culties in un­der­stand­ing how many of the in­hab­it­ants of the more re­mote is­lands, wheth­er still re­tain­ing the same spe­cif­ic form or sub­sequently mod­i­fied, have reached their present homes. But the prob­ab­il­ity of oth­er is­lands hav­ing once ex­is­ted as halt­ing-places, of which not a wreck now re­mains, must not be over­looked. I will spe­cify one dif­fi­cult case. Al­most all ocean­ic is­lands, even the most isol­ated and smal­lest, are in­hab­ited by land-shells, gen­er­ally by en­dem­ic spe­cies, but some­times by spe­cies found else­where strik­ing in­stances of which have been giv­en by Dr. A. A. Gould in re­la­tion to the Pa­cific. Now it is no­tori­ous that land-shells are eas­ily killed by sea­wa­ter; their eggs, at least such as I have tried, sink in it and are killed. Yet there must be some un­known, but oc­ca­sion­ally ef­fi­cient means for their trans­portal. Would the just-hatched young some­times ad­here to the feet of birds roost­ing on the ground and thus get trans­por­ted? It oc­curred to me that land-shells, when hy­bern­at­ing and hav­ing a mem­bran­ous dia­phragm over the mouth of the shell, might be floated in chinks of drif­ted tim­ber across mod­er­ately wide arms of the sea. And I find that sev­er­al spe­cies in this state with­stand un­injured an im­mer­sion in sea­wa­ter dur­ing sev­en days. One shell, the Helix po­ma­tia, after hav­ing been thus treated, and again hy­bern­at­ing, was put in­to sea­wa­ter for twenty days and per­fectly re­covered. Dur­ing this length of time the shell might have been car­ried by a mar­ine cur­rent of av­er­age swift­ness to a dis­tance of 660 geo­graph­ic­al miles. As this Helix has a thick cal­careous oper­cu­lum I re­moved it, and when it had formed a new mem­bran­ous one, I again im­mersed it for four­teen days in sea­wa­ter, and again it re­covered and crawled away. Bar­on Aucapi­taine has since tried sim­il­ar ex­per­i­ments. He placed 100 land-shells, be­long­ing to ten spe­cies, in a box pierced with holes, and im­mersed it for a fort­night in the sea. Out of the hun­dred shells twenty-sev­en re­covered. The pres­ence of an oper­cu­lum seems to have been of im­port­ance, as out of twelve spe­ci­mens of Cyc­lostoma el­eg­ans, which is thus fur­nished, el­ev­en re­vived. It is re­mark­able, see­ing how well the Helix po­ma­tia res­isted with me the salt­water, that not one of fifty-four spe­ci­mens be­long­ing to four oth­er spe­cies of Helix tried by Aucapi­taine re­covered. It is, how­ever, not at all prob­able that land-shells have of­ten been thus trans­por­ted; the feet of birds of­fer a more prob­able meth­od.

			
			
				On the Relations of the Inhabitants of Islands to Those of the Nearest Mainland

				The most strik­ing and im­port­ant fact for us is the af­fin­ity of the spe­cies which in­hab­it is­lands to those of the nearest main­land, without be­ing ac­tu­ally the same. Nu­mer­ous in­stances could be giv­en. The Galapa­gos Ar­chipelago, situ­ated un­der the equat­or, lies at a dis­tance of between 500 and 600 miles from the shores of South Amer­ica. Here al­most every product of the land and of the wa­ter bears the un­mis­tak­able stamp of the Amer­ic­an con­tin­ent. There are twenty-six land birds. Of these twenty-one, or per­haps twenty-three, are ranked as dis­tinct spe­cies, and would com­monly be as­sumed to have been here cre­ated; yet the close af­fin­ity of most of these birds to Amer­ic­an spe­cies is mani­fest in every char­ac­ter in their habits, ges­tures, and tones of voice. So it is with the oth­er an­im­als, and with a large pro­por­tion of the plants, as shown by Dr. Hook­er in his ad­mir­able Flora of this ar­chipelago. The nat­ur­al­ist, look­ing at the in­hab­it­ants of these vol­can­ic is­lands in the Pa­cific, dis­tant sev­er­al hun­dred miles from the con­tin­ent, feels that he is stand­ing on Amer­ic­an land. Why should this be so? Why should the spe­cies which are sup­posed to have been cre­ated in the Galapa­gos Ar­chipelago, and nowhere else, bear so plainly the stamp of af­fin­ity to those cre­ated in Amer­ica? There is noth­ing in the con­di­tions of life, in the geo­lo­gic­al nature of the is­lands, in their height or cli­mate, or in the pro­por­tions in which the sev­er­al classes are as­so­ci­ated to­geth­er, which closely re­sembles the con­di­tions of the South Amer­ic­an coast. In fact, there is a con­sid­er­able dis­sim­il­ar­ity in all these re­spects. On the oth­er hand, there is a con­sid­er­able de­gree of re­semb­lance in the vol­can­ic nature of the soil, in the cli­mate, height, and size of the is­lands, between the Galapa­gos and Cape Verde Ar­chipela­gos: but what an en­tire and ab­so­lute dif­fer­ence in their in­hab­it­ants! The in­hab­it­ants of the Cape Verde Is­lands are re­lated to those of Africa, like those of the Galapa­gos to Amer­ica. Facts, such as these, ad­mit of no sort of ex­plan­a­tion on the or­din­ary view of in­de­pend­ent cre­ation; where­as, on the view here main­tained, it is ob­vi­ous that the Galapa­gos Is­lands would be likely to re­ceive col­on­ists from Amer­ica, wheth­er by oc­ca­sion­al means of trans­port or (though I do not be­lieve in this doc­trine) by formerly con­tinu­ous land, and the Cape Verde Is­lands from Africa; such col­on­ists would be li­able to modi­fic­a­tion—the prin­ciple of in­her­it­ance still be­tray­ing their ori­gin­al birth­place.

				Many ana­log­ous facts could be giv­en: in­deed it is an al­most uni­ver­sal rule that the en­dem­ic pro­duc­tions of is­lands are re­lated to those of the nearest con­tin­ent, or of the nearest large is­land. The ex­cep­tions are few, and most of them can be ex­plained. Thus, al­though Kerguelen Land stands near­er to Africa than to Amer­ica, the plants are re­lated, and that very closely, as we know from Dr. Hook­er’s ac­count, to those of Amer­ica: but on the view that this is­land has been mainly stocked by seeds brought with earth and stones on ice­bergs, drif­ted by the pre­vail­ing cur­rents, this an­om­aly dis­ap­pears. New Zea­l­and in its en­dem­ic plants is much more closely re­lated to Aus­tralia, the nearest main­land, than to any oth­er re­gion: and this is what might have been ex­pec­ted; but it is also plainly re­lated to South Amer­ica, which, al­though the next nearest con­tin­ent, is so enorm­ously re­mote, that the fact be­comes an an­om­aly. But this dif­fi­culty par­tially dis­ap­pears on the view that New Zea­l­and, South Amer­ica, and the oth­er south­ern lands, have been stocked in part from a nearly in­ter­me­di­ate though dis­tant point, namely, from the ant­arc­tic is­lands, when they were clothed with ve­get­a­tion, dur­ing a warm­er ter­tiary peri­od, be­fore the com­mence­ment of the last Gla­cial peri­od. The af­fin­ity, which, though feeble, I am as­sured by Dr. Hook­er is real, between the flora of the south­west­ern corner of Aus­tralia and of the Cape of Good Hope, is a far more re­mark­able case; but this af­fin­ity is con­fined to the plants, and will, no doubt, some day be ex­plained.

				The same law which has de­term­ined the re­la­tion­ship between the in­hab­it­ants of is­lands and the nearest main­land, is some­times dis­played on a small scale, but in a most in­ter­est­ing man­ner, with­in the lim­its of the same ar­chipelago. Thus each sep­ar­ate is­land of the Galapa­gos Ar­chipelago is ten­an­ted, and the fact is a mar­vel­lous one, by many dis­tinct spe­cies; but these spe­cies are re­lated to each oth­er in a very much closer man­ner than to the in­hab­it­ants of the Amer­ic­an con­tin­ent, or of any oth­er quarter of the world. This is what might have been ex­pec­ted, for is­lands situ­ated so near to each oth­er would al­most ne­ces­sar­ily re­ceive im­mig­rants from the same ori­gin­al source, and from each oth­er. But how is it that many of the im­mig­rants have been dif­fer­ently mod­i­fied, though only in a small de­gree, in is­lands situ­ated with­in sight of each oth­er, hav­ing the same geo­lo­gic­al nature, the same height, cli­mate, etc? This long ap­peared to me a great dif­fi­culty: but it arises in chief part from the deeply-seated er­ror of con­sid­er­ing the phys­ic­al con­di­tions of a coun­try as the most im­port­ant; where­as it can­not be dis­puted that the nature of the oth­er spe­cies with which each has to com­pete, is at least as im­port­ant, and gen­er­ally a far more im­port­ant ele­ment of suc­cess. Now if we look to the spe­cies which in­hab­it the Galapa­gos Ar­chipelago, and are like­wise found in oth­er parts of the world, we find that they dif­fer con­sid­er­ably in the sev­er­al is­lands. This dif­fer­ence might in­deed have been ex­pec­ted if the is­lands have been stocked by oc­ca­sion­al means of trans­port—a seed, for in­stance, of one plant hav­ing been brought to one is­land, and that of an­oth­er plant to an­oth­er is­land, though all pro­ceed­ing from the same gen­er­al source. Hence, when in former times an im­mig­rant first settled on one of the is­lands, or when it sub­sequently spread from one to an­oth­er, it would un­doubtedly be ex­posed to dif­fer­ent con­di­tions in the dif­fer­ent is­lands, for it would have to com­pete with a dif­fer­ent set of or­gan­isms; a plant, for in­stance, would find the ground best-fit­ted for it oc­cu­pied by some­what dif­fer­ent spe­cies in the dif­fer­ent is­lands, and would be ex­posed to the at­tacks of some­what dif­fer­ent en­emies. If, then, it var­ied, nat­ur­al se­lec­tion would prob­ably fa­vour dif­fer­ent vari­et­ies in the dif­fer­ent is­lands. Some spe­cies, how­ever, might spread and yet re­tain the same char­ac­ter through­out the group, just as we see some spe­cies spread­ing widely through­out a con­tin­ent and re­main­ing the same.

				The really sur­pris­ing fact in this case of the Galapa­gos Ar­chipelago, and in a less­er de­gree in some ana­log­ous cases, is that each new spe­cies after be­ing formed in any one is­land, did not spread quickly to the oth­er is­lands. But the is­lands, though in sight of each oth­er, are sep­ar­ated by deep arms of the sea, in most cases wider than the Brit­ish Chan­nel, and there is no reas­on to sup­pose that they have at any former peri­od been con­tinu­ously united. The cur­rents of the sea are rap­id and deep between the is­lands, and gales of wind are ex­traordin­ar­ily rare; so that the is­lands are far more ef­fec­tu­ally sep­ar­ated from each oth­er than they ap­pear on a map. Nev­er­the­less, some of the spe­cies, both of those found in oth­er parts of the world and of those con­fined to the ar­chipelago, are com­mon to the sev­er­al is­lands; and we may in­fer from the present man­ner of dis­tri­bu­tion that they have spread from one is­land to the oth­ers. But we of­ten take, I think, an er­ro­neous view of the prob­ab­il­ity of closely al­lied spe­cies in­vad­ing each oth­er’s ter­rit­ory, when put in­to free in­ter­com­mu­nic­a­tion. Un­doubtedly, if one spe­cies has any ad­vant­age over an­oth­er, it will in a very brief time wholly or in part sup­plant it; but if both are equally well fit­ted for their own places, both will prob­ably hold their sep­ar­ate places for al­most any length of time. Be­ing fa­mil­i­ar with the fact that many spe­cies, nat­ur­al­ised through man’s agency, have spread with as­ton­ish­ing rapid­ity over wide areas, we are apt to in­fer that most spe­cies would thus spread; but we should re­mem­ber that the spe­cies which be­come nat­ur­al­ised in new coun­tries are not gen­er­ally closely al­lied to the ab­ori­gin­al in­hab­it­ants, but are very dis­tinct forms, be­long­ing in a large pro­por­tion of cases, as shown by Al­ph. de Can­dolle, to dis­tinct gen­era. In the Galapa­gos Ar­chipelago, many even of the birds, though so well ad­ap­ted for fly­ing from is­land to is­land, dif­fer on the dif­fer­ent is­lands; thus there are three closely al­lied spe­cies of mock­ing-thrush, each con­fined to its own is­land. Now let us sup­pose the mock­ing-thrush of Chath­am Is­land to be blown to Charles Is­land, which has its own mock­ing-thrush; why should it suc­ceed in es­tab­lish­ing it­self there? We may safely in­fer that Charles Is­land is well stocked with its own spe­cies, for an­nu­ally more eggs are laid and young birds hatched than can pos­sibly be reared; and we may in­fer that the mock­ing-thrush pe­cu­li­ar to Charles Is­land is at least as well fit­ted for its home as is the spe­cies pe­cu­li­ar to Chath­am Is­land. Sir C. Lyell and Mr. Wol­la­ston have com­mu­nic­ated to me a re­mark­able fact bear­ing on this sub­ject; namely, that Madeira and the ad­join­ing is­let of Porto Santo pos­sess many dis­tinct but rep­res­ent­at­ive spe­cies of land-shells, some of which live in crevices of stone; and al­though large quant­it­ies of stone are an­nu­ally trans­por­ted from Porto Santo to Madeira, yet this lat­ter is­land has not be­come col­on­ised by the Porto Santo spe­cies: nev­er­the­less, both is­lands have been col­on­ised by some European land-shells, which no doubt had some ad­vant­age over the in­di­gen­ous spe­cies. From these con­sid­er­a­tions I think we need not greatly mar­vel at the en­dem­ic spe­cies which in­hab­it the sev­er­al is­lands of the Galapa­gos Ar­chipelago not hav­ing all spread from is­land to is­land. On the same con­tin­ent, also, pre­oc­cu­pa­tion has prob­ably played an im­port­ant part in check­ing the com­ming­ling of the spe­cies which in­hab­it dif­fer­ent dis­tricts with nearly the same phys­ic­al con­di­tions. Thus, the south­east and south­w­est corners of Aus­tralia have nearly the same phys­ic­al con­di­tions, and are united by con­tinu­ous land, yet they are in­hab­ited by a vast num­ber of dis­tinct mam­mals, birds, and plants; so it is, ac­cord­ing to Mr. Bates, with the but­ter­flies and oth­er an­im­als in­hab­it­ing the great, open, and con­tinu­ous val­ley of the Amazons.

				The same prin­ciple which gov­erns the gen­er­al char­ac­ter of the in­hab­it­ants of ocean­ic is­lands, namely, the re­la­tion to the source whence col­on­ists could have been most eas­ily de­rived, to­geth­er with their sub­sequent modi­fic­a­tion, is of the widest ap­plic­a­tion through­out nature. We see this on every moun­tain-sum­mit, in every lake and marsh. For Alpine spe­cies, ex­cept­ing in as far as the same spe­cies have be­come widely spread dur­ing the Gla­cial epoch, are re­lated to those of the sur­round­ing low­lands; thus we have in South Amer­ica, Alpine hum­ming­birds, Alpine ro­dents, Alpine plants, etc., all strictly be­long­ing to Amer­ic­an forms; and it is ob­vi­ous that a moun­tain, as it be­came slowly up­heaved, would be col­on­ised from the sur­round­ing low­lands. So it is with the in­hab­it­ants of lakes and marshes, ex­cept­ing in so far as great fa­cil­ity of trans­port has al­lowed the same forms to pre­vail through­out large por­tions of the world. We see the same prin­ciple in the char­ac­ter of most of the blind an­im­als in­hab­it­ing the caves of Amer­ica and of Europe. Oth­er ana­log­ous facts could be giv­en. It will, I be­lieve, be found uni­ver­sally true, that wherever in two re­gions, let them be ever so dis­tant, many closely al­lied or rep­res­ent­at­ive spe­cies oc­cur, there will like­wise be found some identic­al spe­cies; and wherever many closely-al­lied spe­cies oc­cur, there will be found many forms which some nat­ur­al­ists rank as dis­tinct spe­cies, and oth­ers as mere vari­et­ies; these doubt­ful forms show­ing us the steps in the pro­cess of modi­fic­a­tion.

				The re­la­tion between the power and ex­tent of mi­gra­tion in cer­tain spe­cies, either at the present or at some former peri­od, and the ex­ist­ence at re­mote points of the world of closely al­lied spe­cies, is shown in an­oth­er and more gen­er­al way. Mr. Gould re­marked to me long ago, that in those gen­era of birds which range over the world, many of the spe­cies have very wide ranges. I can hardly doubt that this rule is gen­er­ally true, though dif­fi­cult of proof. Among mam­mals, we see it strik­ingly dis­played in Bats, and in a less­er de­gree in the Fe­l­id­ae and Can­id­ae. We see the same rule in the dis­tri­bu­tion of but­ter­flies and beetles. So it is with most of the in­hab­it­ants of fresh wa­ter, for many of the gen­era in the most dis­tinct classes range over the world, and many of the spe­cies have enorm­ous ranges. It is not meant that all, but that some of the spe­cies have very wide ranges in the gen­era which range very widely. Nor is it meant that the spe­cies in such gen­era have, on an av­er­age, a very wide range; for this will largely de­pend on how far the pro­cess of modi­fic­a­tion has gone; for in­stance, two vari­et­ies of the same spe­cies in­hab­it Amer­ica and Europe, and thus the spe­cies has an im­mense range; but, if vari­ation were to be car­ried a little fur­ther, the two vari­et­ies would be ranked as dis­tinct spe­cies, and their range would be greatly re­duced. Still less is it meant, that spe­cies which have the ca­pa­city of cross­ing bar­ri­ers and ran­ging widely, as in the case of cer­tain power­fully-winged birds, will ne­ces­sar­ily range widely; for we should nev­er for­get that to range widely im­plies not only the power of cross­ing bar­ri­ers, but the more im­port­ant power of be­ing vic­tori­ous in dis­tant lands in the struggle for life with for­eign as­so­ci­ates. But ac­cord­ing to the view that all the spe­cies of a genus, though dis­trib­uted to the most re­mote points of the world, are des­cen­ded from a single pro­gen­it­or, we ought to find, and I be­lieve as a gen­er­al rule we do find, that some at least of the spe­cies range very widely.

				We should bear in mind that many gen­era in all classes are of an­cient ori­gin, and the spe­cies in this case will have had ample time for dis­pers­al and sub­sequent modi­fic­a­tion. There is also reas­on to be­lieve, from geo­lo­gic­al evid­ence, that with­in each great class the lower or­gan­isms change at a slower rate than the high­er; con­sequently they will have had a bet­ter chance of ran­ging widely and of still re­tain­ing the same spe­cif­ic char­ac­ter. This fact, to­geth­er with that of the seeds and eggs of most lowly or­gan­ised forms be­ing very minute and bet­ter fit­ted for dis­tant trans­portal, prob­ably ac­counts for a law which has long been ob­served, and which has lately been dis­cussed by Al­ph. de Can­dolle in re­gard to plants, namely, that the lower any group of or­gan­isms stands the more widely it ranges.

				The re­la­tions just dis­cussed—namely, lower or­gan­isms ran­ging more widely than the high­er—some of the spe­cies of widely-ran­ging gen­era them­selves ran­ging widely—such facts, as alpine, la­cus­trine, and marsh pro­duc­tions be­ing gen­er­ally re­lated to those which live on the sur­round­ing low lands and dry lands—the strik­ing re­la­tion­ship between the in­hab­it­ants of is­lands and those of the nearest main­land—the still closer re­la­tion­ship of the dis­tinct in­hab­it­ants of the is­lands of the same ar­chipelago—are in­ex­plic­able on the or­din­ary view of the in­de­pend­ent cre­ation of each spe­cies, but are ex­plic­able if we ad­mit col­on­isa­tion from the nearest or read­i­est source, to­geth­er with the sub­sequent ad­apt­a­tion of the col­on­ists to their new homes.

			
			
				Summary of the Last and Present Chapters

				In these chapters I have en­deav­oured to show that if we make due al­low­ance for our ig­nor­ance of the full ef­fects of changes of cli­mate and of the level of the land, which have cer­tainly oc­curred with­in the re­cent peri­od, and of oth­er changes which have prob­ably oc­curred—if we re­mem­ber how ig­nor­ant we are with re­spect to the many curi­ous means of oc­ca­sion­al trans­port—if we bear in mind, and this is a very im­port­ant con­sid­er­a­tion, how of­ten a spe­cies may have ranged con­tinu­ously over a wide area, and then have be­come ex­tinct in the in­ter­me­di­ate tracts—the dif­fi­culty is not in­su­per­able in be­liev­ing that all the in­di­vidu­als of the same spe­cies, wherever found, are des­cen­ded from com­mon par­ents. And we are led to this con­clu­sion, which has been ar­rived at by many nat­ur­al­ists un­der the des­ig­na­tion of single centres of cre­ation, by vari­ous gen­er­al con­sid­er­a­tions, more es­pe­cially from the im­port­ance of bar­ri­ers of all kinds, and from the ana­lo­gic­al dis­tri­bu­tion of sub­gen­era, gen­era, and fam­il­ies.

				With re­spect to dis­tinct spe­cies be­long­ing to the same genus, which on our the­ory have spread from one par­ent-source; if we make the same al­low­ances as be­fore for our ig­nor­ance, and re­mem­ber that some forms of life have changed very slowly, enorm­ous peri­ods of time hav­ing been thus gran­ted for their mi­gra­tion, the dif­fi­culties are far from in­su­per­able; though in this case, as in that of the in­di­vidu­als of the same spe­cies, they are of­ten great.

				As ex­em­pli­fy­ing the ef­fects of cli­mat­ic­al changes on dis­tri­bu­tion, I have at­temp­ted to show how im­port­ant a part the last Gla­cial peri­od has played, which af­fected even the equat­ori­al re­gions, and which, dur­ing the al­tern­a­tions of the cold in the north and the south, al­lowed the pro­duc­tions of op­pos­ite hemi­spheres to mingle, and left some of them stran­ded on the moun­tain-sum­mits in all parts of the world. As show­ing how di­ver­si­fied are the means of oc­ca­sion­al trans­port, I have dis­cussed at some little length the means of dis­pers­al of fresh­wa­ter pro­duc­tions.

				If the dif­fi­culties be not in­su­per­able in ad­mit­ting that in the long course of time all the in­di­vidu­als of the same spe­cies, and like­wise of the sev­er­al spe­cies be­long­ing to the same genus, have pro­ceeded from some one source; then all the grand lead­ing facts of geo­graph­ic­al dis­tri­bu­tion are ex­plic­able on the the­ory of mi­gra­tion, to­geth­er with sub­sequent modi­fic­a­tion and the mul­ti­plic­a­tion of new forms. We can thus un­der­stand the high im­port­ance of bar­ri­ers, wheth­er of land or wa­ter, in not only sep­ar­at­ing but in ap­par­ently form­ing the sev­er­al zo­olo­gic­al and botan­ic­al provinces. We can thus un­der­stand the con­cen­tra­tion of re­lated spe­cies with­in the same areas; and how it is that un­der dif­fer­ent lat­it­udes, for in­stance, in South Amer­ica, the in­hab­it­ants of the plains and moun­tains, of the forests, marshes, and deserts, are linked to­geth­er in so mys­ter­i­ous a man­ner, and are like­wise linked to the ex­tinct be­ings which formerly in­hab­ited the same con­tin­ent. Bear­ing in mind that the mu­tu­al re­la­tion of or­gan­ism to or­gan­ism is of the highest im­port­ance, we can see why two areas, hav­ing nearly the same phys­ic­al con­di­tions, should of­ten be in­hab­ited by very dif­fer­ent forms of life; for ac­cord­ing to the length of time which has elapsed since the col­on­ists entered one of the re­gions, or both; ac­cord­ing to the nature of the com­mu­nic­a­tion which al­lowed cer­tain forms and not oth­ers to enter, either in great­er or less­er num­bers; ac­cord­ing or not as those which entered happened to come in­to more or less dir­ect com­pet­i­tion with each oth­er and with the ab­ori­gines; and ac­cord­ing as the im­mig­rants were cap­able of vary­ing more or less rap­idly, there would en­sue in the two or more re­gions, in­de­pend­ently of their phys­ic­al con­di­tions, in­fin­itely di­ver­si­fied con­di­tions of life; there would be an al­most end­less amount of or­gan­ic ac­tion and re­ac­tion, and we should find some groups of be­ings greatly, and some only slightly mod­i­fied; some de­veloped in great force, some ex­ist­ing in scanty num­bers—and this we do find in the sev­er­al great geo­graph­ic­al provinces of the world.

				On these same prin­ciples we can un­der­stand, as I have en­deav­oured to show, why ocean­ic is­lands should have few in­hab­it­ants, but that of these, a large pro­por­tion should be en­dem­ic or pe­cu­li­ar; and why, in re­la­tion to the means of mi­gra­tion, one group of be­ings should have all its spe­cies pe­cu­li­ar, and an­oth­er group, even with­in the same class, should have all its spe­cies the same with those in an ad­join­ing quarter of the world. We can see why whole groups of or­gan­isms, as bat­ra­chi­ans and ter­restri­al mam­mals, should be ab­sent from ocean­ic is­lands, whilst the most isol­ated is­lands should pos­sess their own pe­cu­li­ar spe­cies of aer­i­al mam­mals or bats. We can see why, in is­lands, there should be some re­la­tion between the pres­ence of mam­mals, in a more or less mod­i­fied con­di­tion, and the depth of the sea between such is­lands and the main­land. We can clearly see why all the in­hab­it­ants of an ar­chipelago, though spe­cific­ally dis­tinct on the sev­er­al is­lets, should be closely re­lated to each oth­er, and should like­wise be re­lated, but less closely, to those of the nearest con­tin­ent, or oth­er source whence im­mig­rants might have been de­rived. We can see why, if there ex­ist very closely al­lied or rep­res­ent­at­ive spe­cies in two areas, how­ever dis­tant from each oth­er, some identic­al spe­cies will al­most al­ways there be found.

				As the late Ed­ward For­bes of­ten in­sisted, there is a strik­ing par­al­lel­ism in the laws of life through­out time and space; the laws gov­ern­ing the suc­ces­sion of forms in past times be­ing nearly the same with those gov­ern­ing at the present time the dif­fer­ences in dif­fer­ent areas. We see this in many facts. The en­dur­ance of each spe­cies and group of spe­cies is con­tinu­ous in time; for the ap­par­ent ex­cep­tions to the rule are so few that they may fairly be at­trib­uted to our not hav­ing as yet dis­covered in an in­ter­me­di­ate de­pos­it cer­tain forms which are ab­sent in it, but which oc­cur above and be­low: so in space, it cer­tainly is the gen­er­al rule that the area in­hab­ited by a single spe­cies, or by a group of spe­cies, is con­tinu­ous, and the ex­cep­tions, which are not rare, may, as I have at­temp­ted to show, be ac­coun­ted for by former mi­gra­tions un­der dif­fer­ent cir­cum­stances, or through oc­ca­sion­al means of trans­port, or by the spe­cies hav­ing be­come ex­tinct in the in­ter­me­di­ate tracts. Both in time and space spe­cies and groups of spe­cies have their points of max­im­um de­vel­op­ment. Groups of spe­cies, liv­ing dur­ing the same peri­od of time, or liv­ing with­in the same area, are of­ten char­ac­ter­ised by tri­fling fea­tures in com­mon, as of sculp­ture or col­our. In look­ing to the long suc­ces­sion of past ages, as in look­ing to dis­tant provinces through­out the world, we find that spe­cies in cer­tain classes dif­fer little from each oth­er, whilst those in an­oth­er class, or only in a dif­fer­ent sec­tion of the same or­der, dif­fer greatly from each oth­er. In both time and space the lowly or­gan­ised mem­bers of each class gen­er­ally change less than the highly or­gan­ised; but there are in both cases marked ex­cep­tions to the rule. Ac­cord­ing to our the­ory, these sev­er­al re­la­tions through­out time and space are in­tel­li­gible; for wheth­er we look to the al­lied forms of life which have changed dur­ing suc­cess­ive ages, or to those which have changed after hav­ing mi­grated in­to dis­tant quar­ters, in both cases they are con­nec­ted by the same bond of or­din­ary gen­er­a­tion; in both cases the laws of vari­ation have been the same, and modi­fic­a­tions have been ac­cu­mu­lated by the same means of nat­ur­al se­lec­tion.

			
		
	
		
			
				XIV

				Mu­tu­al Af­fin­it­ies of Or­gan­ic Be­ings: Mor­pho­logy—Em­bry­ology—Rudi­ment­ary Or­gans—Clas­si­fic­a­tion

			
			From the most re­mote peri­od in the his­tory of the world or­gan­ic be­ings have been found to re­semble each oth­er in des­cend­ing de­grees, so that they can be classed in groups un­der groups. This clas­si­fic­a­tion is not ar­bit­rary like the group­ing of the stars in con­stel­la­tions. The ex­ist­ence of groups would have been of simple sig­ni­fic­ance, if one group had been ex­clus­ively fit­ted to in­hab­it the land, and an­oth­er the wa­ter; one to feed on flesh, an­oth­er on ve­get­able mat­ter, and so on; but the case is widely dif­fer­ent, for it is no­tori­ous how com­monly mem­bers of even the same sub­group have dif­fer­ent habits. In the second and fourth chapters, on Vari­ation and on Nat­ur­al Se­lec­tion, I have at­temp­ted to show that with­in each coun­try it is the widely ran­ging, the much dif­fused and com­mon, that is the dom­in­ant spe­cies, be­long­ing to the lar­ger gen­era in each class, which vary most. The vari­et­ies, or in­cip­i­ent spe­cies, thus pro­duced, ul­ti­mately be­come con­ver­ted in­to new and dis­tinct spe­cies; and these, on the prin­ciple of in­her­it­ance, tend to pro­duce oth­er new and dom­in­ant spe­cies. Con­sequently the groups which are now large, and which gen­er­ally in­clude many dom­in­ant spe­cies, tend to go on in­creas­ing in size. I fur­ther at­temp­ted to show that from the vary­ing des­cend­ants of each spe­cies try­ing to oc­cupy as many and as dif­fer­ent places as pos­sible in the eco­nomy of nature, they con­stantly tend to di­verge in char­ac­ter. This lat­ter con­clu­sion is sup­por­ted by ob­serving the great di­versity of forms, which, in any small area, come in­to the closest com­pet­i­tion, and by cer­tain facts in nat­ur­al­isa­tion.

			I at­temp­ted also to show that there is a steady tend­ency in the forms which are in­creas­ing in num­ber and di­ver­ging in char­ac­ter, to sup­plant and ex­term­in­ate the pre­ced­ing, less di­ver­gent and less im­proved forms. I re­quest the read­er to turn to the dia­gram il­lus­trat­ing the ac­tion, as formerly ex­plained, of these sev­er­al prin­ciples; and he will see that the in­ev­it­able res­ult is, that the mod­i­fied des­cend­ants pro­ceed­ing from one pro­gen­it­or be­come broken up in­to groups sub­or­din­ate to groups. In the dia­gram each let­ter on the up­per­most line may rep­res­ent a genus in­clud­ing sev­er­al spe­cies; and the whole of the gen­era along this up­per line form to­geth­er one class, for all are des­cen­ded from one an­cient par­ent, and, con­sequently, have in­her­ited some­thing in com­mon. But the three gen­era on the left hand have, on this same prin­ciple, much in com­mon, and form a sub­fam­ily, dis­tinct from that con­tain­ing the next two gen­era on the right hand, which di­verged from a com­mon par­ent at the fifth stage of des­cent. These five gen­era have also much in com­mon, though less than when grouped in sub­fam­il­ies; and they form a fam­ily dis­tinct from that con­tain­ing the three gen­era still fur­ther to the right hand, which di­verged at an earli­er peri­od. And all these gen­era, des­cen­ded from (A), form an or­der dis­tinct from the gen­era des­cen­ded from (I). So that we here have many spe­cies des­cen­ded from a single pro­gen­it­or grouped in­to gen­era; and the gen­era in­to sub­fam­il­ies, fam­il­ies and or­ders, all un­der one great class. The grand fact of the nat­ur­al sub­or­din­a­tion of or­gan­ic be­ings in groups un­der groups, which, from its fa­mili­ar­ity, does not al­ways suf­fi­ciently strike us, is in my judg­ment thus ex­plained. No doubt or­gan­ic be­ings, like all oth­er ob­jects, can be classed in many ways, either ar­ti­fi­cially by single char­ac­ters, or more nat­ur­ally by a num­ber of char­ac­ters. We know, for in­stance, that min­er­als and the ele­ment­al sub­stances can be thus ar­ranged. In this case there is of course no re­la­tion to gene­a­lo­gic­al suc­ces­sion, and no cause can at present be as­signed for their fall­ing in­to groups. But with or­gan­ic be­ings the case is dif­fer­ent, and the view above giv­en ac­cords with their nat­ur­al ar­range­ment in group un­der group; and no oth­er ex­plan­a­tion has ever been at­temp­ted.

			Nat­ur­al­ists, as we have seen, try to ar­range the spe­cies, gen­era and fam­il­ies in each class, on what is called the Nat­ur­al Sys­tem. But what is meant by this sys­tem? Some au­thors look at it merely as a scheme for ar­ran­ging to­geth­er those liv­ing ob­jects which are most alike, and for sep­ar­at­ing those which are most un­like; or as an ar­ti­fi­cial meth­od of enun­ci­at­ing, as briefly as pos­sible, gen­er­al pro­pos­i­tions—that is, by one sen­tence to give the char­ac­ters com­mon, for in­stance, to all mam­mals, by an­oth­er those com­mon to all car­ni­vora, by an­oth­er those com­mon to the dog-genus, and then, by adding a single sen­tence, a full de­scrip­tion is giv­en of each kind of dog. The in­genu­ity and util­ity of this sys­tem are in­dis­put­able. But many nat­ur­al­ists think that some­thing more is meant by the Nat­ur­al Sys­tem; they be­lieve that it re­veals the plan of the Cre­at­or; but un­less it be spe­cified wheth­er or­der in time or space, or both, or what else is meant by the plan of the Cre­at­or, it seems to me that noth­ing is thus ad­ded to our know­ledge. Ex­pres­sions such as that fam­ous one by Lin­naeus, which we of­ten meet with in a more or less con­cealed form, namely, that the char­ac­ters do not make the genus, but that the genus gives the char­ac­ters, seem to im­ply that some deep­er bond is in­cluded in our clas­si­fic­a­tions than mere re­semb­lance. I be­lieve that this is the case, and that com­munity of des­cent—the one known cause of close sim­il­ar­ity in or­gan­ic be­ings—is the bond, which, though ob­served by vari­ous de­grees of modi­fic­a­tion, is par­tially re­vealed to us by our clas­si­fic­a­tions.

			Let us now con­sider the rules fol­lowed in clas­si­fic­a­tion, and the dif­fi­culties which are en­countered on the view that clas­si­fic­a­tion either gives some un­known plan of cre­ation, or is simply a scheme for enun­ci­at­ing gen­er­al pro­pos­i­tions and of pla­cing to­geth­er the forms most like each oth­er. It might have been thought (and was in an­cient times thought) that those parts of the struc­ture which de­term­ined the habits of life, and the gen­er­al place of each be­ing in the eco­nomy of nature, would be of very high im­port­ance in clas­si­fic­a­tion. Noth­ing can be more false. No one re­gards the ex­tern­al sim­il­ar­ity of a mouse to a shrew, of a dugong to a whale, of a whale to a fish, as of any im­port­ance. These re­semb­lances, though so in­tim­ately con­nec­ted with the whole life of the be­ing, are ranked as merely “ad­apt­ive or ana­lo­gic­al char­ac­ters;” but to the con­sid­er­a­tion of these re­semb­lances we shall re­cur. It may even be giv­en as a gen­er­al rule, that the less any part of the or­gan­isa­tion is con­cerned with spe­cial habits, the more im­port­ant it be­comes for clas­si­fic­a­tion. As an in­stance: Owen, in speak­ing of the dugong, says, “The gen­er­at­ive or­gans, be­ing those which are most re­motely re­lated to the habits and food of an an­im­al, I have al­ways re­garded as af­ford­ing very clear in­dic­a­tions of its true af­fin­it­ies. We are least likely in the modi­fic­a­tions of these or­gans to mis­take a merely ad­apt­ive for an es­sen­tial char­ac­ter.” With plants how re­mark­able it is that the or­gans of ve­get­a­tion, on which their nu­tri­tion and life de­pend, are of little sig­ni­fic­a­tion; where­as the or­gans of re­pro­duc­tion, with their product the seed and em­bryo, are of para­mount im­port­ance! So again, in formerly dis­cuss­ing cer­tain mor­pho­lo­gic­al char­ac­ters which are not func­tion­ally im­port­ant, we have seen that they are of­ten of the highest ser­vice in clas­si­fic­a­tion. This de­pends on their con­stancy through­out many al­lied groups; and their con­stancy chiefly de­pends on any slight de­vi­ations not hav­ing been pre­served and ac­cu­mu­lated by nat­ur­al se­lec­tion, which acts only on ser­vice­able char­ac­ters.

			That the mere physiolo­gic­al im­port­ance of an or­gan does not de­term­ine its clas­si­fic­at­ory value, is al­most proved by the fact, that in al­lied groups, in which the same or­gan, as we have every reas­on to sup­pose, has nearly the same physiolo­gic­al value, its clas­si­fic­at­ory value is widely dif­fer­ent. No nat­ur­al­ist can have worked at any group without be­ing struck with this fact; and it has been fully ac­know­ledged in the writ­ings of al­most every au­thor. It will suf­fice to quote the highest au­thor­ity, Robert Brown, who, in speak­ing of cer­tain or­gans in the Pro­teaceae, says their gen­er­ic im­port­ance, “like that of all their parts, not only in this, but, as I ap­pre­hend in every nat­ur­al fam­ily, is very un­equal, and in some cases seems to be en­tirely lost.” Again, in an­oth­er work he says, the gen­era of the Con­naraceae “dif­fer in hav­ing one or more ovaria, in the ex­ist­ence or ab­sence of al­bu­men, in the im­bric­ate or valv­u­lar aes­tiv­a­tion. Any one of these char­ac­ters singly is fre­quently of more than gen­er­ic im­port­ance, though here even, when all taken to­geth­er, they ap­pear in­suf­fi­cient to sep­ar­ate Cnestis from Con­narus.” To give an ex­ample among in­sects: in one great di­vi­sion of the Hy­men­op­tera, the an­ten­nae, as West­wood has re­marked, are most con­stant in struc­ture; in an­oth­er di­vi­sion they dif­fer much, and the dif­fer­ences are of quite sub­or­din­ate value in clas­si­fic­a­tion; yet no one will say that the an­ten­nae in these two di­vi­sions of the same or­der are of un­equal physiolo­gic­al im­port­ance. Any num­ber of in­stances could be giv­en of the vary­ing im­port­ance for clas­si­fic­a­tion of the same im­port­ant or­gan with­in the same group of be­ings.

			Again, no one will say that rudi­ment­ary or at­rophied or­gans are of high physiolo­gic­al or vi­tal im­port­ance; yet, un­doubtedly, or­gans in this con­di­tion are of­ten of much value in clas­si­fic­a­tion. No one will dis­pute that the rudi­ment­ary teeth in the up­per jaws of young ru­min­ants, and cer­tain rudi­ment­ary bones of the leg, are highly ser­vice­able in ex­hib­it­ing the close af­fin­ity between Ru­min­ants and Pa­chy­derms. Robert Brown has strongly in­sisted on the fact that the po­s­i­tion of the rudi­ment­ary florets is of the highest im­port­ance in the clas­si­fic­a­tion of the Grasses.

			Nu­mer­ous in­stances could be giv­en of char­ac­ters de­rived from parts which must be con­sidered of very tri­fling physiolo­gic­al im­port­ance, but which are uni­ver­sally ad­mit­ted as highly ser­vice­able in the defin­i­tion of whole groups. For in­stance, wheth­er or not there is an open pas­sage from the nos­trils to the mouth, the only char­ac­ter, ac­cord­ing to Owen, which ab­so­lutely dis­tin­guishes fishes and rep­tiles—the in­flec­tion of the angle of the lower jaw in Mar­supi­als—the man­ner in which the wings of in­sects are fol­ded—mere col­our in cer­tain Al­gae—mere pu­bes­cence on parts of the flower in grasses—the nature of the dermal cov­er­ing, as hair or feath­ers, in the Ver­teb­rata. If the Or­ni­tho­rhynchus had been covered with feath­ers in­stead of hair, this ex­tern­al and tri­fling char­ac­ter would have been con­sidered by nat­ur­al­ists as an im­port­ant aid in de­term­in­ing the de­gree of af­fin­ity of this strange creature to birds.

			The im­port­ance, for clas­si­fic­a­tion, of tri­fling char­ac­ters, mainly de­pends on their be­ing cor­rel­ated with many oth­er char­ac­ters of more or less im­port­ance. The value in­deed of an ag­greg­ate of char­ac­ters is very evid­ent in nat­ur­al his­tory. Hence, as has of­ten been re­marked, a spe­cies may de­part from its al­lies in sev­er­al char­ac­ters, both of high physiolo­gic­al im­port­ance, and of al­most uni­ver­sal pre­val­ence, and yet leave us in no doubt where it should be ranked. Hence, also, it has been found that a clas­si­fic­a­tion foun­ded on any single char­ac­ter, how­ever im­port­ant that may be, has al­ways failed; for no part of the or­gan­isa­tion is in­vari­ably con­stant. The im­port­ance of an ag­greg­ate of char­ac­ters, even when none are im­port­ant, alone ex­plains the aph­or­ism enun­ci­ated by Lin­naeus, namely, that the char­ac­ters do not give the genus, but the genus gives the char­ac­ter; for this seems foun­ded on the ap­pre­ci­ation of many tri­fling points of re­semb­lance, too slight to be defined. Cer­tain plants, be­long­ing to the Malpighi­aceae, bear per­fect and de­graded flowers; in the lat­ter, as A. de Jussieu has re­marked, “The great­er num­ber of the char­ac­ters prop­er to the spe­cies, to the genus, to the fam­ily, to the class, dis­ap­pear, and thus laugh at our clas­si­fic­a­tion.” When Aspi­carpa pro­duced in France, dur­ing sev­er­al years, only these de­graded flowers, de­part­ing so won­der­fully in a num­ber of the most im­port­ant points of struc­ture from the prop­er type of the or­der, yet M. Richard saga­ciously saw, as Jussieu ob­serves, that this genus should still be re­tained among the Malpighi­aceae. This case well il­lus­trates the spir­it of our clas­si­fic­a­tions.

			Prac­tic­ally, when nat­ur­al­ists are at work, they do not trouble them­selves about the physiolo­gic­al value of the char­ac­ters which they use in de­fin­ing a group or in al­loc­at­ing any par­tic­u­lar spe­cies. If they find a char­ac­ter nearly uni­form, and com­mon to a great num­ber of forms, and not com­mon to oth­ers, they use it as one of high value; if com­mon to some less­er num­ber, they use it as of sub­or­din­ate value. This prin­ciple has been broadly con­fessed by some nat­ur­al­ists to be the true one; and by none more clearly than by that ex­cel­lent bot­an­ist, Aug. St. Hil­aire. If sev­er­al tri­fling char­ac­ters are al­ways found in com­bin­a­tion, though no ap­par­ent bond of con­nec­tion can be dis­covered between them, es­pe­cial value is set on them. As in most groups of an­im­als, im­port­ant or­gans, such as those for pro­pelling the blood, or for aer­at­ing it, or those for propagat­ing the race, are found nearly uni­form, they are con­sidered as highly ser­vice­able in clas­si­fic­a­tion; but in some groups all these, the most im­port­ant vi­tal or­gans, are found to of­fer char­ac­ters of quite sub­or­din­ate value. Thus, as Fritz Muller has lately re­marked, in the same group of crus­ta­ceans, Cyp­rid­ina is fur­nished with a heart, while in two closely al­lied gen­era, namely Cyp­ris and Cytherea, there is no such or­gan; one spe­cies of Cyp­rid­ina has well-de­veloped bran­chi­ae, while an­oth­er spe­cies is des­ti­tute of them.

			We can see why char­ac­ters de­rived from the em­bryo should be of equal im­port­ance with those de­rived from the adult, for a nat­ur­al clas­si­fic­a­tion of course in­cludes all ages. But it is by no means ob­vi­ous, on the or­din­ary view, why the struc­ture of the em­bryo should be more im­port­ant for this pur­pose than that of the adult, which alone plays its full part in the eco­nomy of nature. Yet it has been strongly urged by those great nat­ur­al­ists, Mil­ne Ed­wards and Agassiz, that em­bry­olo­gic­al char­ac­ters are the most im­port­ant of all; and this doc­trine has very gen­er­ally been ad­mit­ted as true. Nev­er­the­less, their im­port­ance has some­times been ex­ag­ger­ated, ow­ing to the ad­apt­ive char­ac­ters of lar­vae not hav­ing been ex­cluded; in or­der to show this, Fritz Muller ar­ranged, by the aid of such char­ac­ters alone, the great class of crus­ta­ceans, and the ar­range­ment did not prove a nat­ur­al one. But there can be no doubt that em­bryon­ic, ex­clud­ing lar­val char­ac­ters, are of the highest value for clas­si­fic­a­tion, not only with an­im­als but with plants. Thus the main di­vi­sions of flower­ing plants are foun­ded on dif­fer­ences in the em­bryo—on the num­ber and po­s­i­tion of the coty­le­dons, and on the mode of de­vel­op­ment of the plum­ule and rad­icle. We shall im­me­di­ately see why these char­ac­ters pos­sess so high a value in clas­si­fic­a­tion, namely, from the nat­ur­al sys­tem be­ing gene­a­lo­gic­al in its ar­range­ment.

			Our clas­si­fic­a­tions are of­ten plainly in­flu­enced by chains of af­fin­it­ies. Noth­ing can be easi­er than to define a num­ber of char­ac­ters com­mon to all birds; but with crus­ta­ceans, any such defin­i­tion has hitherto been found im­possible. There are crus­ta­ceans at the op­pos­ite ends of the series, which have hardly a char­ac­ter in com­mon; yet the spe­cies at both ends, from be­ing plainly al­lied to oth­ers, and these to oth­ers, and so on­wards, can be re­cog­nised as un­equi­voc­ally be­long­ing to this, and to no oth­er class of the Ar­tic­u­lata.

			Geo­graph­ic­al dis­tri­bu­tion has of­ten been used, though per­haps not quite lo­gic­ally, in clas­si­fic­a­tion, more es­pe­cially in very large groups of closely al­lied forms. Tem­minck in­sists on the util­ity or even ne­ces­sity of this prac­tice in cer­tain groups of birds; and it has been fol­lowed by sev­er­al en­to­mo­lo­gists and bot­an­ists.

			Fi­nally, with re­spect to the com­par­at­ive value of the vari­ous groups of spe­cies, such as or­ders, sub­or­ders, fam­il­ies, sub­fam­il­ies, and gen­era, they seem to be, at least at present, al­most ar­bit­rary. Sev­er­al of the best bot­an­ists, such as Mr. Bentham and oth­ers, have strongly in­sisted on their ar­bit­rary value. In­stances could be giv­en among plants and in­sects, of a group first ranked by prac­tised nat­ur­al­ists as only a genus, and then raised to the rank of a sub­fam­ily or fam­ily; and this has been done, not be­cause fur­ther re­search has de­tec­ted im­port­ant struc­tur­al dif­fer­ences, at first over­looked, but be­cause nu­mer­ous al­lied spe­cies, with slightly dif­fer­ent grades of dif­fer­ence, have been sub­sequently dis­covered.

			All the fore­go­ing rules and aids and dif­fi­culties in clas­si­fic­a­tion may be ex­plained, if I do not greatly de­ceive my­self, on the view that the nat­ur­al sys­tem is foun­ded on des­cent with modi­fic­a­tion—that the char­ac­ters which nat­ur­al­ists con­sider as show­ing true af­fin­ity between any two or more spe­cies, are those which have been in­her­ited from a com­mon par­ent, all true clas­si­fic­a­tion be­ing gene­a­lo­gic­al—that com­munity of des­cent is the hid­den bond which nat­ur­al­ists have been un­con­sciously seek­ing, and not some un­known plan of cre­ation, or the enun­ci­ation of gen­er­al pro­pos­i­tions, and the mere put­ting to­geth­er and sep­ar­at­ing ob­jects more or less alike.

			But I must ex­plain my mean­ing more fully. I be­lieve that the ar­range­ment of the groups with­in each class, in due sub­or­din­a­tion and re­la­tion to each oth­er, must be strictly gene­a­lo­gic­al in or­der to be nat­ur­al; but that the amount of dif­fer­ence in the sev­er­al branches or groups, though al­lied in the same de­gree in blood to their com­mon pro­gen­it­or, may dif­fer greatly, be­ing due to the dif­fer­ent de­grees of modi­fic­a­tion which they have un­der­gone; and this is ex­pressed by the forms be­ing ranked un­der dif­fer­ent gen­era, fam­il­ies, sec­tions or or­ders. The read­er will best un­der­stand what is meant, if he will take the trouble to refer to the dia­gram in the fourth chapter. We will sup­pose the let­ters A to L to rep­res­ent al­lied gen­era ex­ist­ing dur­ing the Siluri­an epoch, and des­cen­ded from some still earli­er form. In three of these gen­era (A, F, and I) a spe­cies has trans­mit­ted mod­i­fied des­cend­ants to the present day, rep­res­en­ted by the fif­teen gen­era (a14 to z14) on the up­per­most ho­ri­zont­al line. Now, all these mod­i­fied des­cend­ants from a single spe­cies are re­lated in blood or des­cent in the same de­gree. They may meta­phor­ic­ally be called cous­ins to the same mil­lionth de­gree, yet they dif­fer widely and in dif­fer­ent de­grees from each oth­er. The forms des­cen­ded from A, now broken up in­to two or three fam­il­ies, con­sti­tute a dis­tinct or­der from those des­cen­ded from I, also broken up in­to two fam­il­ies. Nor can the ex­ist­ing spe­cies des­cen­ded from A be ranked in the same genus with the par­ent A, or those from I with par­ent I. But the ex­ist­ing genus F14 may be sup­posed to have been but slightly mod­i­fied, and it will then rank with the par­ent genus F; just as some few still liv­ing or­gan­isms be­long to Siluri­an gen­era. So that the com­par­at­ive value of the dif­fer­ences between these or­gan­ic be­ings, which are all re­lated to each oth­er in the same de­gree in blood, has come to be widely dif­fer­ent. Nev­er­the­less, their gene­a­lo­gic­al ar­range­ment re­mains strictly true, not only at the present time, but at each suc­cess­ive peri­od of des­cent. All the mod­i­fied des­cend­ants from A will have in­her­ited some­thing in com­mon from their com­mon par­ent, as will all the des­cend­ants from I; so will it be with each sub­or­din­ate branch of des­cend­ants at each suc­cess­ive stage. If, how­ever, we sup­pose any des­cend­ant of A or of I to have be­come so much mod­i­fied as to have lost all traces of its par­ent­age in this case, its place in the nat­ur­al sys­tem will be lost, as seems to have oc­curred with some few ex­ist­ing or­gan­isms. All the des­cend­ants of the genus F, along its whole line of des­cent, are sup­posed to have been but little mod­i­fied, and they form a single genus. But this genus, though much isol­ated, will still oc­cupy its prop­er in­ter­me­di­ate po­s­i­tion. The rep­res­ent­a­tion of the groups as here giv­en in the dia­gram on a flat sur­face, is much too simple. The branches ought to have di­verged in all dir­ec­tions. If the names of the groups had been simply writ­ten down in a lin­ear series the rep­res­ent­a­tion would have been still less nat­ur­al; and it is no­tori­ously not pos­sible to rep­res­ent in a series, on a flat sur­face, the af­fin­it­ies which we dis­cov­er in nature among the be­ings of the same group. Thus, the nat­ur­al sys­tem is gene­a­lo­gic­al in its ar­range­ment, like a ped­i­gree. But the amount of modi­fic­a­tion which the dif­fer­ent groups have un­der­gone has to be ex­pressed by rank­ing them un­der dif­fer­ent so-called gen­era, sub­fam­il­ies, fam­il­ies, sec­tions, or­ders, and classes.

			It may be worth while to il­lus­trate this view of clas­si­fic­a­tion, by tak­ing the case of lan­guages. If we pos­sessed a per­fect ped­i­gree of man­kind, a gene­a­lo­gic­al ar­range­ment of the races of man would af­ford the best clas­si­fic­a­tion of the vari­ous lan­guages now spoken through­out the world; and if all ex­tinct lan­guages, and all in­ter­me­di­ate and slowly chan­ging dia­lects, were to be in­cluded, such an ar­range­ment would be the only pos­sible one. Yet it might be that some an­cient lan­guages had altered very little and had giv­en rise to few new lan­guages, whilst oth­ers had altered much ow­ing to the spread­ing, isol­a­tion and state of civil­isa­tion of the sev­er­al co-des­cen­ded races, and had thus giv­en rise to many new dia­lects and lan­guages. The vari­ous de­grees of dif­fer­ence between the lan­guages of the same stock would have to be ex­pressed by groups sub­or­din­ate to groups; but the prop­er or even the only pos­sible ar­range­ment would still be gene­a­lo­gic­al; and this would be strictly nat­ur­al, as it would con­nect to­geth­er all lan­guages, ex­tinct and re­cent, by the closest af­fin­it­ies, and would give the fi­li­ation and ori­gin of each tongue.

			In con­firm­a­tion of this view, let us glance at the clas­si­fic­a­tion of vari­et­ies, which are known or be­lieved to be des­cen­ded from a single spe­cies. These are grouped un­der the spe­cies, with the sub­vari­et­ies un­der the vari­et­ies; and in some cases, as with the do­mest­ic pi­geon, with sev­er­al oth­er grades of dif­fer­ence. Nearly the same rules are fol­lowed as in clas­si­fy­ing spe­cies. Au­thors have in­sisted on the ne­ces­sity of ar­ran­ging vari­et­ies on a nat­ur­al in­stead of an ar­ti­fi­cial sys­tem; we are cau­tioned, for in­stance, not to class two vari­et­ies of the pine­apple to­geth­er, merely be­cause their fruit, though the most im­port­ant part, hap­pens to be nearly identic­al; no one puts the Swedish and com­mon turnip to­geth­er, though the es­cu­lent and thickened stems are so sim­il­ar. Whatever part is found to be most con­stant, is used in classing vari­et­ies: thus the great ag­ri­cul­tur­ist Mar­shall says the horns are very use­ful for this pur­pose with cattle, be­cause they are less vari­able than the shape or col­our of the body, etc.; where­as with sheep the horns are much less ser­vice­able, be­cause less con­stant. In classing vari­et­ies, I ap­pre­hend that if we had a real ped­i­gree, a gene­a­lo­gic­al clas­si­fic­a­tion would be uni­ver­sally pre­ferred; and it has been at­temp­ted in some cases. For we might feel sure, wheth­er there had been more or less modi­fic­a­tion, that the prin­ciple of in­her­it­ance would keep the forms to­geth­er which were al­lied in the greatest num­ber of points. In tum­bler pi­geons, though some of the sub­vari­et­ies dif­fer in the im­port­ant char­ac­ter of the length of the beak, yet all are kept to­geth­er from hav­ing the com­mon habit of tum­bling; but the short-faced breed has nearly or quite lost this habit; nev­er­the­less, without any thought on the sub­ject, these tum­blers are kept in the same group, be­cause al­lied in blood and alike in some oth­er re­spects.

			With spe­cies in a state of nature, every nat­ur­al­ist has in fact brought des­cent in­to his clas­si­fic­a­tion; for he in­cludes in his low­est grade, that of spe­cies, the two sexes; and how enorm­ously these some­times dif­fer in the most im­port­ant char­ac­ters is known to every nat­ur­al­ist: scarcely a single fact can be pre­dic­ated in com­mon of the adult males and herm­aph­rod­ites of cer­tain cir­ri­pedes, and yet no one dreams of sep­ar­at­ing them. As soon as the three Orch­idean forms, Mon­achanthus, My­anthus, and Cata­setum, which had pre­vi­ously been ranked as three dis­tinct gen­era, were known to be some­times pro­duced on the same plant, they were im­me­di­ately con­sidered as vari­et­ies; and now I have been able to show that they are the male, fe­male, and herm­aph­rod­ite forms of the same spe­cies. The nat­ur­al­ist in­cludes as one spe­cies the vari­ous lar­val stages of the same in­di­vidu­al, how­ever much they may dif­fer from each oth­er and from the adult; as well as the so-called al­tern­ate gen­er­a­tions of Steen­strup, which can only in a tech­nic­al sense be con­sidered as the same in­di­vidu­al. He in­cludes mon­sters and vari­et­ies, not from their par­tial re­semb­lance to the par­ent-form, but be­cause they are des­cen­ded from it.

			As des­cent has uni­ver­sally been used in classing to­geth­er the in­di­vidu­als of the same spe­cies, though the males and fe­males and lar­vae are some­times ex­tremely dif­fer­ent; and as it has been used in classing vari­et­ies which have un­der­gone a cer­tain, and some­times a con­sid­er­able amount of modi­fic­a­tion, may not this same ele­ment of des­cent have been un­con­sciously used in group­ing spe­cies un­der gen­era, and gen­era un­der high­er groups, all un­der the so-called nat­ur­al sys­tem? I be­lieve it has been un­con­sciously used; and thus only can I un­der­stand the sev­er­al rules and guides which have been fol­lowed by our best sys­tem­at­ists. As we have no writ­ten ped­i­grees, we are forced to trace com­munity of des­cent by re­semb­lances of any kind. There­fore, we choose those char­ac­ters which are the least likely to have been mod­i­fied, in re­la­tion to the con­di­tions of life to which each spe­cies has been re­cently ex­posed. Rudi­ment­ary struc­tures on this view are as good as, or even some­times bet­ter than oth­er parts of the or­gan­isa­tion. We care not how tri­fling a char­ac­ter may be—let it be the mere in­flec­tion of the angle of the jaw, the man­ner in which an in­sect’s wing is fol­ded, wheth­er the skin be covered by hair or feath­ers—if it pre­vail through­out many and dif­fer­ent spe­cies, es­pe­cially those hav­ing very dif­fer­ent habits of life, it as­sumes high value; for we can ac­count for its pres­ence in so many forms with such dif­fer­ent habits, only by in­her­it­ance from a com­mon par­ent. We may err in this re­spect in re­gard to single points of struc­ture, but when sev­er­al char­ac­ters, let them be ever so tri­fling, con­cur through­out a large group of be­ings hav­ing dif­fer­ent habits, we may feel al­most sure, on the the­ory of des­cent, that these char­ac­ters have been in­her­ited from a com­mon an­cest­or; and we know that such ag­greg­ated char­ac­ters have es­pe­cial value in clas­si­fic­a­tion.

			We can un­der­stand why a spe­cies or a group of spe­cies may de­part from its al­lies, in sev­er­al of its most im­port­ant char­ac­ter­ist­ics, and yet be safely classed with them. This may be safely done, and is of­ten done, as long as a suf­fi­cient num­ber of char­ac­ters, let them be ever so un­im­port­ant, be­trays the hid­den bond of com­munity of des­cent. Let two forms have not a single char­ac­ter in com­mon, yet, if these ex­treme forms are con­nec­ted to­geth­er by a chain of in­ter­me­di­ate groups, we may at once in­fer their com­munity of des­cent, and we put them all in­to the same class. As we find or­gans of high physiolo­gic­al im­port­ance—those which serve to pre­serve life un­der the most di­verse con­di­tions of ex­ist­ence—are gen­er­ally the most con­stant, we at­tach es­pe­cial value to them; but if these same or­gans, in an­oth­er group or sec­tion of a group, are found to dif­fer much, we at once value them less in our clas­si­fic­a­tion. We shall presently see why em­bry­olo­gic­al char­ac­ters are of such high clas­si­fic­at­ory im­port­ance. Geo­graph­ic­al dis­tri­bu­tion may some­times be brought use­fully in­to play in classing large gen­era, be­cause all the spe­cies of the same genus, in­hab­it­ing any dis­tinct and isol­ated re­gion, are in all prob­ab­il­ity des­cen­ded from the same par­ents.

			
				Analogical Resemblances

				We can un­der­stand, on the above views, the very im­port­ant dis­tinc­tion between real af­fin­it­ies and ana­lo­gic­al or ad­apt­ive re­semb­lances. Lamar­ck first called at­ten­tion to this sub­ject, and he has been ably fol­lowed by Macleay and oth­ers. The re­semb­lance in the shape of the body and in the fin-like an­teri­or limbs between dugongs and whales, and between these two or­ders of mam­mals and fishes, are ana­lo­gic­al. So is the re­semb­lance between a mouse and a shrewmouse (Sorex), which be­long to dif­fer­ent or­ders; and the still closer re­semb­lance, in­sisted on by Mr. Mivart, between the mouse and a small mar­supi­al an­im­al (Antech­inus) of Aus­tralia. These lat­ter re­semb­lances may be ac­coun­ted for, as it seems to me, by ad­apt­a­tion for sim­il­arly act­ive move­ments through thick­ets and herb­age, to­geth­er with con­ceal­ment from en­emies.

				Among in­sects there are in­nu­mer­able in­stances; thus Lin­naeus, misled by ex­tern­al ap­pear­ances, ac­tu­ally classed an ho­mopter­ous in­sect as a moth. We see some­thing of the same kind even with our do­mest­ic vari­et­ies, as in the strik­ingly sim­il­ar shape of the body in the im­proved breeds of the Chinese and com­mon pig, which are des­cen­ded from dis­tinct spe­cies; and in the sim­il­arly thickened stems of the com­mon and spe­cific­ally dis­tinct Swedish turnip. The re­semb­lance between the grey­hound and race­horse is hardly more fanci­ful than the ana­lo­gies which have been drawn by some au­thors between widely dif­fer­ent an­im­als.

				On the view of char­ac­ters be­ing of real im­port­ance for clas­si­fic­a­tion, only in so far as they re­veal des­cent, we can clearly un­der­stand why ana­lo­gic­al or ad­apt­ive char­ac­ters, al­though of the ut­most im­port­ance to the wel­fare of the be­ing, are al­most value­less to the sys­tem­at­ist. For an­im­als, be­long­ing to two most dis­tinct lines of des­cent, may have be­come ad­ap­ted to sim­il­ar con­di­tions, and thus have as­sumed a close ex­tern­al re­semb­lance; but such re­semb­lances will not re­veal—will rather tend to con­ceal their blood-re­la­tion­ship. We can thus also un­der­stand the ap­par­ent para­dox, that the very same char­ac­ters are ana­lo­gic­al when one group is com­pared with an­oth­er, but give true af­fin­it­ies when the mem­bers of the same group are com­pared to­geth­er: thus the shape of the body and fin-like limbs are only ana­lo­gic­al when whales are com­pared with fishes, be­ing ad­apt­a­tions in both classes for swim­ming through the wa­ter; but between the sev­er­al mem­bers of the whale fam­ily, the shape of the body and the fin-like limbs of­fer char­ac­ters ex­hib­it­ing true af­fin­ity; for as these parts are so nearly sim­il­ar through­out the whole fam­ily, we can­not doubt that they have been in­her­ited from a com­mon an­cest­or. So it is with fishes.

				Nu­mer­ous cases could be giv­en of strik­ing re­semb­lances in quite dis­tinct be­ings between single parts or or­gans, which have been ad­ap­ted for the same func­tions. A good in­stance is af­forded by the close re­semb­lance of the jaws of the dog and Tas­mani­an wolf or Thyla­cinus—an­im­als which are widely sundered in the nat­ur­al sys­tem. But this re­semb­lance is con­fined to gen­er­al ap­pear­ance, as in the prom­in­ence of the canines, and in the cut­ting shape of the mol­ar teeth. For the teeth really dif­fer much: thus the dog has on each side of the up­per jaw four pre­mol­ars and only two mol­ars; while the Thyla­cinus has three pre­mol­ars and four mol­ars. The mol­ars also dif­fer much in the two an­im­als in re­l­at­ive size and struc­ture. The adult den­ti­tion is pre­ceded by a widely dif­fer­ent milk den­ti­tion. Any­one may, of course, deny that the teeth in either case have been ad­ap­ted for tear­ing flesh, through the nat­ur­al se­lec­tion of suc­cess­ive vari­ations; but if this be ad­mit­ted in the one case, it is un­in­tel­li­gible to me that it should be denied in the oth­er. I am glad to find that so high an au­thor­ity as Pro­fess­or Flower has come to this same con­clu­sion.

				The ex­traordin­ary cases giv­en in a former chapter, of widely dif­fer­ent fishes pos­sess­ing elec­tric or­gans—of widely dif­fer­ent in­sects pos­sess­ing lu­min­ous or­gans—and of orch­ids and as­clepi­ads hav­ing pol­len-masses with vis­cid discs, come un­der this same head of ana­lo­gic­al re­semb­lances. But these cases are so won­der­ful that they were in­tro­duced as dif­fi­culties or ob­jec­tions to our the­ory. In all such cases some fun­da­ment­al dif­fer­ence in the growth or de­vel­op­ment of the parts, and gen­er­ally in their ma­tured struc­ture, can be de­tec­ted. The end gained is the same, but the means, though ap­pear­ing su­per­fi­cially to be the same, are es­sen­tially dif­fer­ent. The prin­ciple formerly al­luded to un­der the term of ana­lo­gic­al vari­ation has prob­ably in these cases of­ten come in­to play; that is, the mem­bers of the same class, al­though only dis­tantly al­lied, have in­her­ited so much in com­mon in their con­sti­tu­tion, that they are apt to vary un­der sim­il­ar ex­cit­ing causes in a sim­il­ar man­ner; and this would ob­vi­ously aid in the ac­quire­ment through nat­ur­al se­lec­tion of parts or or­gans, strik­ingly like each oth­er, in­de­pend­ently of their dir­ect in­her­it­ance from a com­mon pro­gen­it­or.

				As spe­cies be­long­ing to dis­tinct classes have of­ten been ad­ap­ted by suc­cess­ive slight modi­fic­a­tions to live un­der nearly sim­il­ar cir­cum­stances—to in­hab­it, for in­stance, the three ele­ments of land, air and wa­ter—we can per­haps un­der­stand how it is that a nu­mer­ic­al par­al­lel­ism has some­times been ob­served between the sub­groups of dis­tinct classes. A nat­ur­al­ist, struck with a par­al­lel­ism of this nature, by ar­bit­rar­ily rais­ing or sink­ing the value of the groups in sev­er­al classes (and all our ex­per­i­ence shows that their valu­ation is as yet ar­bit­rary), could eas­ily ex­tend the par­al­lel­ism over a wide range; and thus the sep­ten­ary, quin­ary, qua­tern­ary and tern­ary clas­si­fic­a­tions have prob­ably aris­en.

				There is an­oth­er and curi­ous class of cases in which close ex­tern­al re­semb­lance does not de­pend on ad­apt­a­tion to sim­il­ar habits of life, but has been gained for the sake of pro­tec­tion. I al­lude to the won­der­ful man­ner in which cer­tain but­ter­flies im­it­ate, as first de­scribed by Mr. Bates, oth­er and quite dis­tinct spe­cies. This ex­cel­lent ob­serv­er has shown that in some dis­tricts of South Amer­ica, where, for in­stance, an Itho­mia abounds in gaudy swarms, an­oth­er but­ter­fly, namely, a Leptal­is, is of­ten found mingled in the same flock; and the lat­ter so closely re­sembles the Itho­mia in every shade and stripe of col­our, and even in the shape of its wings, that Mr. Bates, with his eyes sharpened by col­lect­ing dur­ing el­ev­en years, was, though al­ways on his guard, con­tinu­ally de­ceived. When the mock­ers and the mocked are caught and com­pared, they are found to be very dif­fer­ent in es­sen­tial struc­ture, and to be­long not only to dis­tinct gen­era, but of­ten to dis­tinct fam­il­ies. Had this mim­icry oc­curred in only one or two in­stances, it might have been passed over as a strange co­in­cid­ence. But, if we pro­ceed from a dis­trict where one Leptal­is im­it­ates an Itho­mia, an­oth­er mock­ing and mocked spe­cies, be­long­ing to the same two gen­era, equally close in their re­semb­lance, may be found. Al­to­geth­er no less than ten gen­era are enu­mer­ated, which in­clude spe­cies that im­it­ate oth­er but­ter­flies. The mock­ers and mocked al­ways in­hab­it the same re­gion; we nev­er find an im­it­at­or liv­ing re­mote from the form which it im­it­ates. The mock­ers are al­most in­vari­ably rare in­sects; the mocked in al­most every case abounds in swarms. In the same dis­trict in which a spe­cies of Leptal­is closely im­it­ates an Itho­mia, there are some­times oth­er Lepid­op­tera mim­ick­ing the same Itho­mia: so that in the same place, spe­cies of three gen­era of but­ter­flies and even a moth are found all closely re­sem­bling a but­ter­fly be­long­ing to a fourth genus. It de­serves es­pe­cial no­tice that many of the mim­ick­ing forms of the Leptal­is, as well as of the mim­icked forms, can be shown by a gradu­ated series to be merely vari­et­ies of the same spe­cies; while oth­ers are un­doubtedly dis­tinct spe­cies. But why, it may be asked, are cer­tain forms treated as the mim­icked and oth­ers as the mim­ick­ers? Mr. Bates sat­is­fact­or­ily an­swers this ques­tion by show­ing that the form which is im­it­ated keeps the usu­al dress of the group to which it be­longs, while the coun­ter­feit­ers have changed their dress and do not re­semble their nearest al­lies.

				We are next led to en­quire what reas­on can be as­signed for cer­tain but­ter­flies and moths so of­ten as­sum­ing the dress of an­oth­er and quite dis­tinct form; why, to the per­plex­ity of nat­ur­al­ists, has nature con­des­cen­ded to the tricks of the stage? Mr. Bates has, no doubt, hit on the true ex­plan­a­tion. The mocked forms, which al­ways abound in num­bers, must ha­bitu­ally es­cape de­struc­tion to a large ex­tent, oth­er­wise they could not ex­ist in such swarms; and a large amount of evid­ence has now been col­lec­ted, show­ing that they are dis­taste­ful to birds and oth­er in­sect-de­vour­ing an­im­als. The mock­ing forms, on the oth­er hand, that in­hab­it the same dis­trict, are com­par­at­ively rare, and be­long to rare groups; hence, they must suf­fer ha­bitu­ally from some danger, for oth­er­wise, from the num­ber of eggs laid by all but­ter­flies, they would in three or four gen­er­a­tions swarm over the whole coun­try. Now if a mem­ber of one of these per­se­cuted and rare groups were to as­sume a dress so like that of a well-pro­tec­ted spe­cies that it con­tinu­ally de­ceived the prac­tised eyes of an en­to­mo­lo­gist, it would of­ten de­ceive pre­daceous birds and in­sects, and thus of­ten es­cape de­struc­tion. Mr. Bates may al­most be said to have ac­tu­ally wit­nessed the pro­cess by which the mim­ick­ers have come so closely to re­semble the mim­icked; for he found that some of the forms of Leptal­is which mim­ic so many oth­er but­ter­flies, var­ied in an ex­treme de­gree. In one dis­trict sev­er­al vari­et­ies oc­curred, and of these one alone re­sembled, to a cer­tain ex­tent, the com­mon Itho­mia of the same dis­trict. In an­oth­er dis­trict there were two or three vari­et­ies, one of which was much com­mon­er than the oth­ers, and this closely mocked an­oth­er form of Itho­mia. From facts of this nature, Mr. Bates con­cludes that the Leptal­is first var­ies; and when a vari­ety hap­pens to re­semble in some de­gree any com­mon but­ter­fly in­hab­it­ing the same dis­trict, this vari­ety, from its re­semb­lance to a flour­ish­ing and little per­se­cuted kind, has a bet­ter chance of es­cap­ing de­struc­tion from pre­daceous birds and in­sects, and is con­sequently of­ten­er pre­served; “the less per­fect de­grees of re­semb­lance be­ing gen­er­a­tion after gen­er­a­tion elim­in­ated, and only the oth­ers left to propag­ate their kind.” So that here we have an ex­cel­lent il­lus­tra­tion of nat­ur­al se­lec­tion.

				Messrs. Wal­lace and Tri­men have like­wise de­scribed sev­er­al equally strik­ing cases of im­it­a­tion in the Lepid­op­tera of the Malay Ar­chipelago and Africa, and with some oth­er in­sects. Mr. Wal­lace has also de­tec­ted one such case with birds, but we have none with the lar­ger quad­ru­peds. The much great­er fre­quency of im­it­a­tion with in­sects than with oth­er an­im­als, is prob­ably the con­sequence of their small size; in­sects can­not de­fend them­selves, ex­cept­ing in­deed the kinds fur­nished with a sting, and I have nev­er heard of an in­stance of such kinds mock­ing oth­er in­sects, though they are mocked; in­sects can­not eas­ily es­cape by flight from the lar­ger an­im­als which prey on them; there­fore, speak­ing meta­phor­ic­ally, they are re­duced, like most weak creatures, to trick­ery and dis­sim­u­la­tion.

				It should be ob­served that the pro­cess of im­it­a­tion prob­ably nev­er com­menced between forms widely dis­sim­il­ar in col­our. But, start­ing with spe­cies already some­what like each oth­er, the closest re­semb­lance, if be­ne­fi­cial, could read­ily be gained by the above means, and if the im­it­ated form was sub­sequently and gradu­ally mod­i­fied through any agency, the im­it­at­ing form would be led along the same track, and thus be altered to al­most any ex­tent, so that it might ul­ti­mately as­sume an ap­pear­ance or col­our­ing wholly un­like that of the oth­er mem­bers of the fam­ily to which it be­longed. There is, how­ever, some dif­fi­culty on this head, for it is ne­ces­sary to sup­pose in some cases that an­cient mem­bers be­long­ing to sev­er­al dis­tinct groups, be­fore they had di­verged to their present ex­tent, ac­ci­dent­ally re­sembled a mem­ber of an­oth­er and pro­tec­ted group in a suf­fi­cient de­gree to af­ford some slight pro­tec­tion, this hav­ing giv­en the basis for the sub­sequent ac­quis­i­tion of the most per­fect re­semb­lance.

			
			
				On the Nature of the Affinities Connecting Organic Beings

				As the mod­i­fied des­cend­ants of dom­in­ant spe­cies, be­long­ing to the lar­ger gen­era, tend to in­her­it the ad­vant­ages which made the groups to which they be­long large and their par­ents dom­in­ant, they are al­most sure to spread widely, and to seize on more and more places in the eco­nomy of nature. The lar­ger and more dom­in­ant groups with­in each class thus tend to go on in­creas­ing in size, and they con­sequently sup­plant many smal­ler and feebler groups. Thus, we can ac­count for the fact that all or­gan­isms, re­cent and ex­tinct, are in­cluded un­der a few great or­ders and un­der still few­er classes. As show­ing how few the high­er groups are in num­ber, and how widely they are spread through­out the world, the fact is strik­ing that the dis­cov­ery of Aus­tralia has not ad­ded an in­sect be­long­ing to a new class, and that in the ve­get­able king­dom, as I learn from Dr. Hook­er, it has ad­ded only two or three fam­il­ies of small size.

				In the chapter on geo­lo­gic­al suc­ces­sion I at­temp­ted to show, on the prin­ciple of each group hav­ing gen­er­ally di­verged much in char­ac­ter dur­ing the long-con­tin­ued pro­cess of modi­fic­a­tion, how it is that the more an­cient forms of life of­ten present char­ac­ters in some de­gree in­ter­me­di­ate between ex­ist­ing groups. As some few of the old and in­ter­me­di­ate forms hav­ing trans­mit­ted to the present day des­cend­ants but little mod­i­fied, these con­sti­tute our so-called os­cu­lant or ab­er­rant groups. The more ab­er­rant any form is, the great­er must be the num­ber of con­nect­ing forms which have been ex­term­in­ated and ut­terly lost. And we have evid­ence of ab­er­rant groups hav­ing suffered severely from ex­tinc­tion, for they are al­most al­ways rep­res­en­ted by ex­tremely few spe­cies; and such spe­cies as do oc­cur are gen­er­ally very dis­tinct from each oth­er, which again im­plies ex­tinc­tion. The gen­era Or­ni­tho­rhynchus and Lepidosiren, for ex­ample, would not have been less ab­er­rant had each been rep­res­en­ted by a dozen spe­cies, in­stead of as at present by a single one, or by two or three. We can, I think, ac­count for this fact only by look­ing at ab­er­rant groups as forms which have been conquered by more suc­cess­ful com­pet­it­ors, with a few mem­bers still pre­served un­der un­usu­ally fa­vour­able con­di­tions.

				Mr. Wa­ter­house has re­marked that when a mem­ber be­long­ing to one group of an­im­als ex­hib­its an af­fin­ity to a quite dis­tinct group, this af­fin­ity in most cases is gen­er­al and not spe­cial: thus, ac­cord­ing to Mr. Wa­ter­house, of all Ro­dents, the bizcacha is most nearly re­lated to Mar­supi­als; but in the points in which it ap­proaches this or­der, its re­la­tions are gen­er­al, that is, not to any one Mar­supi­al spe­cies more than to an­oth­er. As these points of af­fin­ity are be­lieved to be real and not merely ad­apt­ive, they must be due in ac­cord­ance with our view to in­her­it­ance from a com­mon pro­gen­it­or. There­fore, we must sup­pose either that all Ro­dents, in­clud­ing the bizcacha, branched off from some an­cient Mar­supi­al, which will nat­ur­ally have been more or less in­ter­me­di­ate in char­ac­ter with re­spect to all ex­ist­ing Mar­supi­als; or that both Ro­dents and Mar­supi­als branched off from a com­mon pro­gen­it­or, and that both groups have since un­der­gone much modi­fic­a­tion in di­ver­gent dir­ec­tions. On either view we must sup­pose that the bizcacha has re­tained, by in­her­it­ance, more of the char­ac­ter of its an­cient pro­gen­it­or than have oth­er Ro­dents; and there­fore it will not be spe­cially re­lated to any one ex­ist­ing Mar­supi­al, but in­dir­ectly to all or nearly all Mar­supi­als, from hav­ing par­tially re­tained the char­ac­ter of their com­mon pro­gen­it­or, or of some early mem­ber of the group. On the oth­er hand, of all Mar­supi­als, as Mr. Wa­ter­house has re­marked, the Phascolomys re­sembles most nearly, not any one spe­cies, but the gen­er­al or­der of Ro­dents. In this case, how­ever, it may be strongly sus­pec­ted that the re­semb­lance is only ana­lo­gic­al, ow­ing to the Phascolomys hav­ing be­come ad­ap­ted to habits like those of a Ro­dent. The eld­er De Can­dolle has made nearly sim­il­ar ob­ser­va­tions on the gen­er­al nature of the af­fin­it­ies of dis­tinct fam­il­ies of plants.

				On the prin­ciple of the mul­ti­plic­a­tion and gradu­al di­ver­gence in char­ac­ter of the spe­cies des­cen­ded from a com­mon pro­gen­it­or, to­geth­er with their re­ten­tion by in­her­it­ance of some char­ac­ters in com­mon, we can un­der­stand the ex­cess­ively com­plex and ra­di­at­ing af­fin­it­ies by which all the mem­bers of the same fam­ily or high­er group are con­nec­ted to­geth­er. For the com­mon pro­gen­it­or of a whole fam­ily, now broken up by ex­tinc­tion in­to dis­tinct groups and sub­groups, will have trans­mit­ted some of its char­ac­ters, mod­i­fied in vari­ous ways and de­grees, to all the spe­cies; and they will con­sequently be re­lated to each oth­er by cir­cuit­ous lines of af­fin­ity of vari­ous lengths (as may be seen in the dia­gram so of­ten re­ferred to), mount­ing up through many pre­de­cessors. As it is dif­fi­cult to show the blood-re­la­tion­ship between the nu­mer­ous kindred of any an­cient and noble fam­ily, even by the aid of a gene­a­lo­gic­al tree, and al­most im­possible to do so without this aid, we can un­der­stand the ex­traordin­ary dif­fi­culty which nat­ur­al­ists have ex­per­i­enced in de­scrib­ing, without the aid of a dia­gram, the vari­ous af­fin­it­ies which they per­ceive between the many liv­ing and ex­tinct mem­bers of the same great nat­ur­al class.

				Ex­tinc­tion, as we have seen in the fourth chapter, has played an im­port­ant part in de­fin­ing and widen­ing the in­ter­vals between the sev­er­al groups in each class. We may thus ac­count for the dis­tinct­ness of whole classes from each oth­er—for in­stance, of birds from all oth­er ver­teb­rate an­im­als—by the be­lief that many an­cient forms of life have been ut­terly lost, through which the early pro­gen­it­ors of birds were formerly con­nec­ted with the early pro­gen­it­ors of the oth­er and at that time less dif­fer­en­ti­ated ver­teb­rate classes. There has been much less ex­tinc­tion of the forms of life which once con­nec­ted fishes with Bat­ra­chi­ans. There has been still less with­in some whole classes, for in­stance the Crus­ta­cea, for here the most won­der­fully di­verse forms are still linked to­geth­er by a long and only par­tially broken chain of af­fin­it­ies. Ex­tinc­tion has only defined the groups: it has by no means made them; for if every form which has ever lived on this earth were sud­denly to re­appear, though it would be quite im­possible to give defin­i­tions by which each group could be dis­tin­guished, still a nat­ur­al clas­si­fic­a­tion, or at least a nat­ur­al ar­range­ment, would be pos­sible. We shall see this by turn­ing to the dia­gram: the let­ters, A to L, may rep­res­ent el­ev­en Siluri­an gen­era, some of which have pro­duced large groups of mod­i­fied des­cend­ants, with every link in each branch and sub-branch still alive; and the links not great­er than those between ex­ist­ing vari­et­ies. In this case it would be quite im­possible to give defin­i­tions by which the sev­er­al mem­bers of the sev­er­al groups could be dis­tin­guished from their more im­me­di­ate par­ents and des­cend­ants. Yet the ar­range­ment in the dia­gram would still hold good and would be nat­ur­al; for, on the prin­ciple of in­her­it­ance, all the forms des­cen­ded, for in­stance from A, would have some­thing in com­mon. In a tree we can dis­tin­guish this or that branch, though at the ac­tu­al fork the two unite and blend to­geth­er. We could not, as I have said, define the sev­er­al groups; but we could pick out types, or forms, rep­res­ent­ing most of the char­ac­ters of each group, wheth­er large or small, and thus give a gen­er­al idea of the value of the dif­fer­ences between them. This is what we should be driv­en to, if we were ever to suc­ceed in col­lect­ing all the forms in any one class which have lived through­out all time and space. As­suredly we shall nev­er suc­ceed in mak­ing so per­fect a col­lec­tion: nev­er­the­less, in cer­tain classes, we are tend­ing to­ward this end; and Mil­ne Ed­wards has lately in­sisted, in an able pa­per, on the high im­port­ance of look­ing to types, wheth­er or not we can sep­ar­ate and define the groups to which such types be­long.

				Fi­nally, we have seen that nat­ur­al se­lec­tion, which fol­lows from the struggle for ex­ist­ence, and which al­most in­ev­it­ably leads to ex­tinc­tion and di­ver­gence of char­ac­ter in the des­cend­ants from any one par­ent-spe­cies, ex­plains that great and uni­ver­sal fea­ture in the af­fin­it­ies of all or­gan­ic be­ings, namely, their sub­or­din­a­tion in group un­der group. We use the ele­ment of des­cent in classing the in­di­vidu­als of both sexes and of all ages un­der one spe­cies, al­though they may have but few char­ac­ters in com­mon; we use des­cent in classing ac­know­ledged vari­et­ies, how­ever dif­fer­ent they may be from their par­ents; and I be­lieve that this ele­ment of des­cent is the hid­den bond of con­nec­tion which nat­ur­al­ists have sought un­der the term of the Nat­ur­al Sys­tem. On this idea of the nat­ur­al sys­tem be­ing, in so far as it has been per­fec­ted, gene­a­lo­gic­al in its ar­range­ment, with the grades of dif­fer­ence ex­pressed by the terms gen­era, fam­il­ies, or­ders, etc., we can un­der­stand the rules which we are com­pelled to fol­low in our clas­si­fic­a­tion. We can un­der­stand why we value cer­tain re­semb­lances far more than oth­ers; why we use rudi­ment­ary and use­less or­gans, or oth­ers of tri­fling physiolo­gic­al im­port­ance; why, in find­ing the re­la­tions between one group and an­oth­er, we sum­mar­ily re­ject ana­lo­gic­al or ad­apt­ive char­ac­ters, and yet use these same char­ac­ters with­in the lim­its of the same group. We can clearly see how it is that all liv­ing and ex­tinct forms can be grouped to­geth­er with­in a few great classes; and how the sev­er­al mem­bers of each class are con­nec­ted to­geth­er by the most com­plex and ra­di­at­ing lines of af­fin­it­ies. We shall nev­er, prob­ably, dis­en­tangle the in­ex­tric­able web of the af­fin­it­ies between the mem­bers of any one class; but when we have a dis­tinct ob­ject in view, and do not look to some un­known plan of cre­ation, we may hope to make sure but slow pro­gress.

				Pro­fess­or Haeck­el in his Gener­elle Mor­pho­lo­gie and in oth­er works, has re­cently brought his great know­ledge and abil­it­ies to bear on what he calls phylo­geny, or the lines of des­cent of all or­gan­ic be­ings. In draw­ing up the sev­er­al series he trusts chiefly to em­bry­olo­gic­al char­ac­ters, but re­ceives aid from ho­mo­log­ous and rudi­ment­ary or­gans, as well as from the suc­cess­ive peri­ods at which the vari­ous forms of life are be­lieved to have first ap­peared in our geo­lo­gic­al form­a­tions. He has thus boldly made a great be­gin­ning, and shows us how clas­si­fic­a­tion will in the fu­ture be treated.

			
			
				Morphology

				We have seen that the mem­bers of the same class, in­de­pend­ently of their habits of life, re­semble each oth­er in the gen­er­al plan of their or­gan­isa­tion. This re­semb­lance is of­ten ex­pressed by the term “unity of type;” or by say­ing that the sev­er­al parts and or­gans in the dif­fer­ent spe­cies of the class are ho­mo­log­ous. The whole sub­ject is in­cluded un­der the gen­er­al term of Mor­pho­logy. This is one of the most in­ter­est­ing de­part­ments of nat­ur­al his­tory, and may al­most be said to be its very soul. What can be more curi­ous than that the hand of a man, formed for grasp­ing, that of a mole for dig­ging, the leg of the horse, the paddle of the por­poise, and the wing of the bat, should all be con­struc­ted on the same pat­tern, and should in­clude sim­il­ar bones, in the same re­l­at­ive po­s­i­tions? How curi­ous it is, to give a sub­or­din­ate though strik­ing in­stance, that the hind feet of the kangaroo, which are so well fit­ted for bound­ing over the open plains—those of the climb­ing, leaf-eat­ing ko­ala, equally well fit­ted for grasp­ing the branches of trees—those of the ground-dwell­ing, in­sect or root-eat­ing, ban­di­coots—and those of some oth­er Aus­trali­an mar­supi­als—should all be con­struc­ted on the same ex­traordin­ary type, namely with the bones of the second and third di­gits ex­tremely slender and en­vel­oped with­in the same skin, so that they ap­pear like a single toe fur­nished with two claws. Not­with­stand­ing this sim­il­ar­ity of pat­tern, it is ob­vi­ous that the hind feet of these sev­er­al an­im­als are used for as widely dif­fer­ent pur­poses as it is pos­sible to con­ceive. The case is rendered all the more strik­ing by the Amer­ic­an opos­sums, which fol­low nearly the same habits of life as some of their Aus­trali­an re­l­at­ives, hav­ing feet con­struc­ted on the or­din­ary plan. Pro­fess­or Flower, from whom these state­ments are taken, re­marks in con­clu­sion: “We may call this con­form­ity to type, without get­ting much near­er to an ex­plan­a­tion of the phe­nomen­on;” and he then adds “but is it not power­fully sug­gest­ive of true re­la­tion­ship, of in­her­it­ance from a com­mon an­cest­or?”

				Geof­froy St. Hil­aire has strongly in­sisted on the high im­port­ance of re­l­at­ive po­s­i­tion or con­nec­tion in ho­mo­log­ous parts; they may dif­fer to al­most any ex­tent in form and size, and yet re­main con­nec­ted to­geth­er in the same in­vari­able or­der. We nev­er find, for in­stance, the bones of the arm and fore­arm, or of the thigh and leg, trans­posed. Hence the same names can be giv­en to the ho­mo­log­ous bones in widely dif­fer­ent an­im­als. We see the same great law in the con­struc­tion of the mouths of in­sects: what can be more dif­fer­ent than the im­mensely long spir­al pro­bos­cis of a sphinx-moth, the curi­ous fol­ded one of a bee or bug, and the great jaws of a beetle? Yet all these or­gans, serving for such widely dif­fer­ent pur­poses, are formed by in­fin­itely nu­mer­ous modi­fic­a­tions of an up­per lip, mand­ibles, and two pairs of max­il­lae. The same law gov­erns the con­struc­tion of the mouths and limbs of crus­ta­ceans. So it is with the flowers of plants.

				Noth­ing can be more hope­less than to at­tempt to ex­plain this sim­il­ar­ity of pat­tern in mem­bers of the same class, by util­ity or by the doc­trine of fi­nal causes. The hope­less­ness of the at­tempt has been ex­pressly ad­mit­ted by Owen in his most in­ter­est­ing work on the Nature of Limbs. On the or­din­ary view of the in­de­pend­ent cre­ation of each be­ing, we can only say that so it is; that it has pleased the Cre­at­or to con­struct all the an­im­als and plants in each great class on a uni­form plan; but this is not a sci­entif­ic ex­plan­a­tion.

				The ex­plan­a­tion is to a large ex­tent simple, on the the­ory of the se­lec­tion of suc­cess­ive slight modi­fic­a­tions, each be­ing prof­it­able in some way to the mod­i­fied form, but of­ten af­fect­ing by cor­rel­a­tion oth­er parts of the or­gan­isa­tion. In changes of this nature, there will be little or no tend­ency to al­ter the ori­gin­al pat­tern, or to trans­pose the parts. The bones of a limb might be shortened and flattened to any ex­tent, be­com­ing at the same time en­vel­oped in thick mem­brane, so as to serve as a fin; or a webbed hand might have all its bones, or cer­tain bones, lengthened to any ex­tent, with the mem­brane con­nect­ing them in­creased, so as to serve as a wing; yet all these modi­fic­a­tions would not tend to al­ter the frame­work of the bones or the re­l­at­ive con­nec­tion of the parts. If we sup­pose that an early pro­gen­it­or—the ar­che­type, as it may be called—of all mam­mals, birds and rep­tiles, had its limbs con­struc­ted on the ex­ist­ing gen­er­al pat­tern, for whatever pur­pose they served, we can at once per­ceive the plain sig­ni­fic­a­tion of the ho­mo­log­ous con­struc­tion of the limbs through­out the class. So with the mouths of in­sects, we have only to sup­pose that their com­mon pro­gen­it­or had an up­per lip, mand­ibles, and two pairs of max­il­lae, these parts be­ing per­haps very simple in form; and then nat­ur­al se­lec­tion will ac­count for the in­fin­ite di­versity in struc­ture and func­tion of the mouths of in­sects. Nev­er­the­less, it is con­ceiv­able that the gen­er­al pat­tern of an or­gan might be­come so much ob­scured as to be fi­nally lost, by the re­duc­tion and ul­ti­mately by the com­plete abor­tion of cer­tain parts, by the fu­sion of oth­er parts, and by the doub­ling or mul­ti­plic­a­tion of oth­ers, vari­ations which we know to be with­in the lim­its of pos­sib­il­ity. In the paddles of the gi­gant­ic ex­tinct sea-liz­ards, and in the mouths of cer­tain suctori­al crus­ta­ceans, the gen­er­al pat­tern seems thus to have be­come par­tially ob­scured.

				There is an­oth­er and equally curi­ous branch of our sub­ject; namely, seri­al ho­mo­lo­gies, or the com­par­is­on of the dif­fer­ent parts or or­gans in the same in­di­vidu­al, and not of the same parts or or­gans in dif­fer­ent mem­bers of the same class. Most physiolo­gists be­lieve that the bones of the skull are ho­mo­log­ous—that is, cor­res­pond in num­ber and in re­l­at­ive con­nec­tion—with the ele­ment­al parts of a cer­tain num­ber of ver­teb­rae. The an­teri­or and pos­teri­or limbs in all the high­er ver­teb­rate classes are plainly ho­mo­log­ous. So it is with the won­der­fully com­plex jaws and legs of crus­ta­ceans. It is fa­mil­i­ar to al­most every­one, that in a flower the re­l­at­ive po­s­i­tion of the sepals, petals, sta­mens, and pis­tils, as well as their in­tim­ate struc­ture, are in­tel­li­gible on the view that they con­sist of meta­morph­osed leaves, ar­ranged in a spire. In mon­strous plants, we of­ten get dir­ect evid­ence of the pos­sib­il­ity of one or­gan be­ing trans­formed in­to an­oth­er; and we can ac­tu­ally see, dur­ing the early or em­bryon­ic stages of de­vel­op­ment in flowers, as well as in crus­ta­ceans and many oth­er an­im­als, that or­gans, which when ma­ture be­come ex­tremely dif­fer­ent are at first ex­actly alike.

				How in­ex­plic­able are the cases of seri­al ho­mo­lo­gies on the or­din­ary view of cre­ation! Why should the brain be en­closed in a box com­posed of such nu­mer­ous and such ex­traordin­ar­ily shaped pieces of bone ap­par­ently rep­res­ent­ing ver­teb­rae? As Owen has re­marked, the be­ne­fit de­rived from the yield­ing of the sep­ar­ate pieces in the act of par­tur­i­tion by mam­mals, will by no means ex­plain the same con­struc­tion in the skulls of birds and rep­tiles. Why should sim­il­ar bones have been cre­ated to form the wing and the leg of a bat, used as they are for such totally dif­fer­ent pur­poses, namely fly­ing and walk­ing? Why should one crus­ta­cean, which has an ex­tremely com­plex mouth formed of many parts, con­sequently al­ways have few­er legs; or con­versely, those with many legs have sim­pler mouths? Why should the sepals, petals, sta­mens, and pis­tils, in each flower, though fit­ted for such dis­tinct pur­poses, be all con­struc­ted on the same pat­tern?

				On the the­ory of nat­ur­al se­lec­tion, we can, to a cer­tain ex­tent, an­swer these ques­tions. We need not here con­sider how the bod­ies of some an­im­als first be­came di­vided in­to a series of seg­ments, or how they be­came di­vided in­to right and left sides, with cor­res­pond­ing or­gans, for such ques­tions are al­most bey­ond in­vest­ig­a­tion. It is, how­ever, prob­able that some seri­al struc­tures are the res­ult of cells mul­tiply­ing by di­vi­sion, en­tail­ing the mul­ti­plic­a­tion of the parts de­veloped from such cells. It must suf­fice for our pur­pose to bear in mind that an in­def­in­ite re­pe­ti­tion of the same part or or­gan is the com­mon char­ac­ter­ist­ic, as Owen has re­marked, of all low or little spe­cial­ised forms; there­fore the un­known pro­gen­it­or of the Ver­teb­rata prob­ably pos­sessed many ver­teb­rae; the un­known pro­gen­it­or of the Ar­tic­u­lata, many seg­ments; and the un­known pro­gen­it­or of flower­ing plants, many leaves ar­ranged in one or more spires. We have also formerly seen that parts many times re­peated are em­in­ently li­able to vary, not only in num­ber, but in form. Con­sequently such parts, be­ing already present in con­sid­er­able num­bers, and be­ing highly vari­able, would nat­ur­ally af­ford the ma­ter­i­als for ad­apt­a­tion to the most dif­fer­ent pur­poses; yet they would gen­er­ally re­tain, through the force of in­her­it­ance, plain traces of their ori­gin­al or fun­da­ment­al re­semb­lance. They would re­tain this re­semb­lance all the more, as the vari­ations, which af­forded the basis for their sub­sequent modi­fic­a­tion through nat­ur­al se­lec­tion, would tend from the first to be sim­il­ar; the parts be­ing at an early stage of growth alike, and be­ing sub­jec­ted to nearly the same con­di­tions. Such parts, wheth­er more or less mod­i­fied, un­less their com­mon ori­gin be­came wholly ob­scured, would be seri­ally ho­mo­log­ous.

				In the great class of mol­luscs, though the parts in dis­tinct spe­cies can be shown to be ho­mo­log­ous, only a few seri­al ho­mo­lo­gies; such as the valves of Chitons, can be in­dic­ated; that is, we are sel­dom en­abled to say that one part is ho­mo­log­ous with an­oth­er part in the same in­di­vidu­al. And we can un­der­stand this fact; for in mol­luscs, even in the low­est mem­bers of the class, we do not find nearly so much in­def­in­ite re­pe­ti­tion of any one part as we find in the oth­er great classes of the an­im­al and ve­get­able king­doms.

				But mor­pho­logy is a much more com­plex sub­ject than it at first ap­pears, as has lately been well shown in a re­mark­able pa­per by Mr. E. Ray Lankester, who has drawn an im­port­ant dis­tinc­tion between cer­tain classes of cases which have all been equally ranked by nat­ur­al­ists as ho­mo­log­ous. He pro­poses to call the struc­tures which re­semble each oth­er in dis­tinct an­im­als, ow­ing to their des­cent from a com­mon pro­gen­it­or with sub­sequent modi­fic­a­tion, “ho­mo­gen­ous;” and the re­semb­lances which can­not thus be ac­coun­ted for, he pro­poses to call “ho­mo­plastic.” For in­stance, he be­lieves that the hearts of birds and mam­mals are as a whole ho­mo­gen­ous—that is, have been de­rived from a com­mon pro­gen­it­or; but that the four cav­it­ies of the heart in the two classes are ho­mo­plastic—that is, have been in­de­pend­ently de­veloped. Mr. Lankester also ad­duces the close re­semb­lance of the parts on the right and left sides of the body, and in the suc­cess­ive seg­ments of the same in­di­vidu­al an­im­al; and here we have parts com­monly called ho­mo­log­ous which bear no re­la­tion to the des­cent of dis­tinct spe­cies from a com­mon pro­gen­it­or. Ho­mo­plastic struc­tures are the same with those which I have classed, though in a very im­per­fect man­ner, as ana­log­ous modi­fic­a­tions or re­semb­lances. Their form­a­tion may be at­trib­uted in part to dis­tinct or­gan­isms, or to dis­tinct parts of the same or­gan­ism, hav­ing var­ied in an ana­log­ous man­ner; and in part to sim­il­ar modi­fic­a­tions, hav­ing been pre­served for the same gen­er­al pur­pose or func­tion, of which many in­stances have been giv­en.

				Nat­ur­al­ists fre­quently speak of the skull as formed of meta­morph­osed ver­teb­rae; the jaws of crabs as meta­morph­osed legs; the sta­mens and pis­tils in flowers as meta­morph­osed leaves; but it would in most cases be more cor­rect, as Pro­fess­or Hux­ley has re­marked, to speak of both skull and ver­teb­rae, jaws and legs, etc., as hav­ing been meta­morph­osed, not one from the oth­er, as they now ex­ist, but from some com­mon and sim­pler ele­ment. Most nat­ur­al­ists, how­ever, use such lan­guage only in a meta­phor­ic­al sense: they are far from mean­ing that dur­ing a long course of des­cent, prim­or­di­al or­gans of any kind—ver­teb­rae in the one case and legs in the oth­er—have ac­tu­ally been con­ver­ted in­to skulls or jaws. Yet so strong is the ap­pear­ance of this hav­ing oc­curred that nat­ur­al­ists can hardly avoid em­ploy­ing lan­guage hav­ing this plain sig­ni­fic­a­tion. Ac­cord­ing to the views here main­tained, such lan­guage may be used lit­er­ally; and the won­der­ful fact of the jaws, for in­stance, of a crab re­tain­ing nu­mer­ous char­ac­ters, which they prob­ably would have re­tained through in­her­it­ance, if they had really been meta­morph­osed from true though ex­tremely simple legs, is in part ex­plained.

			
			
				Development and Embryology

				This is one of the most im­port­ant sub­jects in the whole round of nat­ur­al his­tory. The meta­morph­oses of in­sects, with which every­one is fa­mil­i­ar, are gen­er­ally ef­fected ab­ruptly by a few stages; but the trans­form­a­tions are in real­ity nu­mer­ous and gradu­al, though con­cealed. A cer­tain eph­em­er­ous in­sect (Chloeon) dur­ing its de­vel­op­ment, moults, as shown by Sir J. Lub­bock, above twenty times, and each time un­der­goes a cer­tain amount of change; and in this case we see the act of meta­morph­os­is per­formed in a primary and gradu­al man­ner. Many in­sects, and es­pe­cially cer­tain crus­ta­ceans, show us what won­der­ful changes of struc­ture can be ef­fected dur­ing de­vel­op­ment. Such changes, how­ever, reach their acme in the so-called al­tern­ate gen­er­a­tions of some of the lower an­im­als. It is, for in­stance, an as­ton­ish­ing fact that a del­ic­ate branch­ing cor­al­line, stud­ded with polypi, and at­tached to a sub­mar­ine rock, should pro­duce, first by bud­ding and then by trans­verse di­vi­sion, a host of huge float­ing jelly­fishes; and that these should pro­duce eggs, from which are hatched swim­ming an­im­al­cules, which at­tach them­selves to rocks and be­come de­veloped in­to branch­ing cor­al­lines; and so on in an end­less cycle. The be­lief in the es­sen­tial iden­tity of the pro­cess of al­tern­ate gen­er­a­tion and of or­din­ary meta­morph­os­is has been greatly strengthened by Wag­n­er’s dis­cov­ery of the larva or mag­got of a fly, namely the Cecido­myia, pro­du­cing asexu­ally oth­er lar­vae, and these oth­ers, which fi­nally are de­veloped in­to ma­ture males and fe­males, propagat­ing their kind in the or­din­ary man­ner by eggs.

				It may be worth no­tice that when Wag­n­er’s re­mark­able dis­cov­ery was first an­nounced, I was asked how was it pos­sible to ac­count for the lar­vae of this fly hav­ing ac­quired the power of a sexu­al re­pro­duc­tion. As long as the case re­mained unique no an­swer could be giv­en. But already Grimm has shown that an­oth­er fly, a Chiro­nomus, re­pro­duces it­self in nearly the same man­ner, and he be­lieves that this oc­curs fre­quently in the or­der. It is the pupa, and not the larva, of the Chiro­nomus which has this power; and Grimm fur­ther shows that this case, to a cer­tain ex­tent, “unites that of the Cecido­myia with the partheno­gen­es­is of the Coc­ci­dae;” the term partheno­gen­es­is im­ply­ing that the ma­ture fe­males of the Coc­ci­dae are cap­able of pro­du­cing fer­tile eggs without the con­course of the male. Cer­tain an­im­als be­long­ing to sev­er­al classes are now known to have the power of or­din­ary re­pro­duc­tion at an un­usu­ally early age; and we have only to ac­cel­er­ate partheno­gen­et­ic re­pro­duc­tion by gradu­al steps to an earli­er and earli­er age—Chiro­nomus show­ing us an al­most ex­actly in­ter­me­di­ate stage, viz., that of the pupa—and we can per­haps ac­count for the mar­vel­lous case of the Cecido­myia.

				It has already been stated that vari­ous parts in the same in­di­vidu­al, which are ex­actly alike dur­ing an early em­bryon­ic peri­od, be­come widely dif­fer­ent and serve for widely dif­fer­ent pur­poses in the adult state. So again it has been shown that gen­er­ally the em­bry­os of the most dis­tinct spe­cies be­long­ing to the same class are closely sim­il­ar, but be­come, when fully de­veloped, widely dis­sim­il­ar. A bet­ter proof of this lat­ter fact can­not be giv­en than the state­ment by Von Baer that “the em­bry­os of mam­malia, of birds, liz­ards and snakes, prob­ably also of che­lo­nia, are in the earli­est states ex­ceed­ingly like one an­oth­er, both as a whole and in the mode of de­vel­op­ment of their parts; so much so, in fact, that we can of­ten dis­tin­guish the em­bry­os only by their size. In my pos­ses­sion are two little em­bry­os in spir­it, whose names I have omit­ted to at­tach, and at present I am quite un­able to say to what class they be­long. They may be liz­ards or small birds, or very young mam­malia, so com­plete is the sim­il­ar­ity in the mode of form­a­tion of the head and trunk in these an­im­als. The ex­tremit­ies, how­ever, are still ab­sent in these em­bry­os. But even if they had ex­is­ted in the earli­est stage of their de­vel­op­ment we should learn noth­ing, for the feet of liz­ards and mam­mals, the wings and feet of birds, no less than the hands and feet of man, all arise from the same fun­da­ment­al form.” The lar­vae of most crus­ta­ceans, at cor­res­pond­ing stages of de­vel­op­ment, closely re­semble each oth­er, how­ever dif­fer­ent the adults may be­come; and so it is with very many oth­er an­im­als. A trace of the law of em­bryon­ic re­semb­lance oc­ca­sion­ally lasts till a rather late age: thus birds of the same genus, and of al­lied gen­era, of­ten re­semble each oth­er in their im­ma­ture plumage; as we see in the spot­ted feath­ers in the young of the thrush group. In the cat tribe, most of the spe­cies when adult are striped or spot­ted in lines; and stripes or spots can be plainly dis­tin­guished in the whelp of the li­on and the puma. We oc­ca­sion­ally, though rarely, see some­thing of the same kind in plants; thus the first leaves of the ulex or furze, and the first leaves of the phyl­lodin­eous aca­cias, are pin­nate or di­vided like the or­din­ary leaves of the legumino­sae.

				The points of struc­ture, in which the em­bry­os of widely dif­fer­ent an­im­als with­in the same class re­semble each oth­er, of­ten have no dir­ect re­la­tion to their con­di­tions of ex­ist­ence. We can­not, for in­stance, sup­pose that in the em­bry­os of the ver­teb­rata the pe­cu­li­ar loop-like courses of the ar­ter­ies near the bran­chi­al slits are re­lated to sim­il­ar con­di­tions—in the young mam­mal which is nour­ished in the womb of its moth­er, in the egg of the bird which is hatched in a nest, and in the spawn of a frog un­der wa­ter. We have no more reas­on to be­lieve in such a re­la­tion than we have to be­lieve that the sim­il­ar bones in the hand of a man, wing of a bat, and fin of a por­poise, are re­lated to sim­il­ar con­di­tions of life. No one sup­poses that the stripes on the whelp of a li­on, or the spots on the young black­bird, are of any use to these an­im­als.

				The case, how­ever, is dif­fer­ent when an an­im­al, dur­ing any part of its em­bryon­ic ca­reer, is act­ive, and has to provide for it­self. The peri­od of activ­ity may come on earli­er or later in life; but whenev­er it comes on, the ad­apt­a­tion of the larva to its con­di­tions of life is just as per­fect and as beau­ti­ful as in the adult an­im­al. In how im­port­ant a man­ner this has ac­ted, has re­cently been well shown by Sir J. Lub­bock in his re­marks on the close sim­il­ar­ity of the lar­vae of some in­sects be­long­ing to very dif­fer­ent or­ders, and on the dis­sim­il­ar­ity of the lar­vae of oth­er in­sects with­in the same or­der, ac­cord­ing to their habits of life. Ow­ing to such ad­apt­a­tions the sim­il­ar­ity of the lar­vae of al­lied an­im­als is some­times greatly ob­scured; es­pe­cially when there is a di­vi­sion of la­bour dur­ing the dif­fer­ent stages of de­vel­op­ment, as when the same larva has dur­ing one stage to search for food, and dur­ing an­oth­er stage has to search for a place of at­tach­ment. Cases can even be giv­en of the lar­vae of al­lied spe­cies, or groups of spe­cies, dif­fer­ing more from each oth­er than do the adults. In most cases, how­ever, the lar­vae, though act­ive, still obey, more or less closely, the law of com­mon em­bryon­ic re­semb­lance. Cir­ri­pedes af­ford a good in­stance of this: even the il­lus­tri­ous Cu­vi­er did not per­ceive that a barnacle was a crus­ta­cean: but a glance at the larva shows this in an un­mis­tak­able man­ner. So again the two main di­vi­sions of cir­ri­pedes, the ped­uncu­lated and sessile, though dif­fer­ing widely in ex­tern­al ap­pear­ance, have lar­vae in all their stages barely dis­tin­guish­able.

				The em­bryo in the course of de­vel­op­ment gen­er­ally rises in or­gan­isa­tion. I use this ex­pres­sion, though I am aware that it is hardly pos­sible to define clearly what is meant by or­gan­isa­tion be­ing high­er or lower. But no one prob­ably will dis­pute that the but­ter­fly is high­er than the cater­pil­lar. In some cases, how­ever, the ma­ture an­im­al must be con­sidered as lower in the scale than the larva, as with cer­tain para­sit­ic crus­ta­ceans. To refer once again to cir­ri­pedes: the lar­vae in the first stage have three pairs of lo­co­mot­ive or­gans, a simple single eye, and a pro­bos­ci­formed mouth, with which they feed largely, for they in­crease much in size. In the second stage, an­swer­ing to the chrysal­is stage of but­ter­flies, they have six pairs of beau­ti­fully con­struc­ted na­tatory legs, a pair of mag­ni­fi­cent com­pound eyes, and ex­tremely com­plex an­ten­nae; but they have a closed and im­per­fect mouth, and can­not feed: their func­tion at this stage is, to search out by their well-de­veloped or­gans of sense, and to reach by their act­ive powers of swim­ming, a prop­er place on which to be­come at­tached and to un­der­go their fi­nal meta­morph­os­is. When this is com­pleted they are fixed for life: their legs are now con­ver­ted in­to pre­hensile or­gans; they again ob­tain a well-con­struc­ted mouth; but they have no an­ten­nae, and their two eyes are now re­con­ver­ted in­to a minute, single, simple eye­s­pot. In this last and com­plete state, cir­ri­pedes may be con­sidered as either more highly or more lowly or­gan­ised than they were in the lar­val con­di­tion. But in some gen­era the lar­vae be­come de­veloped in­to herm­aph­rod­ites hav­ing the or­din­ary struc­ture, or in­to what I have called com­ple­ment­al males; and in the lat­ter the de­vel­op­ment has as­suredly been ret­ro­grade; for the male is a mere sack, which lives for a short time and is des­ti­tute of mouth, stom­ach, and every oth­er or­gan of im­port­ance, ex­cept­ing those for re­pro­duc­tion.

				We are so much ac­cus­tomed to see a dif­fer­ence in struc­ture between the em­bryo and the adult, that we are temp­ted to look at this dif­fer­ence as in some ne­ces­sary man­ner con­tin­gent on growth. But there is no reas­on why, for in­stance, the wing of a bat, or the fin of a por­poise, should not have been sketched out with all their parts in prop­er pro­por­tion, as soon as any part be­came vis­ible. In some whole groups of an­im­als and in cer­tain mem­bers of oth­er groups this is the case, and the em­bryo does not at any peri­od dif­fer widely from the adult: thus Owen has re­marked in re­gard to cut­tle­fish, “there is no meta­morph­os­is; the ceph­alo­pod­ic char­ac­ter is mani­fes­ted long be­fore the parts of the em­bryo are com­pleted.” Land-shells and fresh­wa­ter crus­ta­ceans are born hav­ing their prop­er forms, while the mar­ine mem­bers of the same two great classes pass through con­sid­er­able and of­ten great changes dur­ing their de­vel­op­ment. Spiders, again, barely un­der­go any meta­morph­os­is. The lar­vae of most in­sects pass through a worm-like stage, wheth­er they are act­ive and ad­ap­ted to di­ver­si­fied habits, or are in­act­ive from be­ing placed in the midst of prop­er nu­tri­ment, or from be­ing fed by their par­ents; but in some few cases, as in that of Aph­is, if we look to the ad­mir­able draw­ings of the de­vel­op­ment of this in­sect, by Pro­fess­or Hux­ley, we see hardly any trace of the ver­mi­form stage.

				Some­times it is only the earli­er de­vel­op­ment­al stages which fail. Thus, Fritz Muller has made the re­mark­able dis­cov­ery that cer­tain shrimp-like crus­ta­ceans (al­lied to Pen­oeus) first ap­pear un­der the simple naupli­us-form, and after passing through two or more zoea-stages, and then through the mys­is-stage, fi­nally ac­quire their ma­ture struc­ture: now in the whole great malacostracan or­der, to which these crus­ta­ceans be­long, no oth­er mem­ber is as yet known to be first de­veloped un­der the naupli­us-form, though many ap­pear as zoe­as; nev­er­the­less Muller as­signs reas­ons for his be­lief, that if there had been no sup­pres­sion of de­vel­op­ment, all these crus­ta­ceans would have ap­peared as nauplii.

				How, then, can we ex­plain these sev­er­al facts in em­bry­ology—namely, the very gen­er­al, though not uni­ver­sal, dif­fer­ence in struc­ture between the em­bryo and the adult; the vari­ous parts in the same in­di­vidu­al em­bryo, which ul­ti­mately be­come very un­like, and serve for di­verse pur­poses, be­ing at an early peri­od of growth alike; the com­mon, but not in­vari­able, re­semb­lance between the em­bry­os or lar­vae of the most dis­tinct spe­cies in the same class; the em­bryo of­ten re­tain­ing, while with­in the egg or womb, struc­tures which are of no ser­vice to it, either at that or at a later peri­od of life; on the oth­er hand, lar­vae which have to provide for their own wants, be­ing per­fectly ad­ap­ted to the sur­round­ing con­di­tions; and lastly, the fact of cer­tain lar­vae stand­ing high­er in the scale of or­gan­isa­tion than the ma­ture an­im­al in­to which they are de­veloped? I be­lieve that all these facts can be ex­plained as fol­lows.

				It is com­monly as­sumed, per­haps from mon­stros­it­ies af­fect­ing the em­bryo at a very early peri­od, that slight vari­ations or in­di­vidu­al dif­fer­ences ne­ces­sar­ily ap­pear at an equally early peri­od. We have little evid­ence on this head, but what we have cer­tainly points the oth­er way; for it is no­tori­ous that breed­ers of cattle, horses and vari­ous fancy an­im­als, can­not pos­it­ively tell, un­til some time after birth, what will be the mer­its and de­mer­its of their young an­im­als. We see this plainly in our own chil­dren; we can­not tell wheth­er a child will be tall or short, or what its pre­cise fea­tures will be. The ques­tion is not, at what peri­od of life any vari­ation may have been caused, but at what peri­od the ef­fects are dis­played. The cause may have ac­ted, and I be­lieve of­ten has ac­ted, on one or both par­ents be­fore the act of gen­er­a­tion. It de­serves no­tice that it is of no im­port­ance to a very young an­im­al, as long as it is nour­ished and pro­tec­ted by its par­ent, wheth­er most of its char­ac­ters are ac­quired a little earli­er or later in life. It would not sig­ni­fy, for in­stance, to a bird which ob­tained its food by hav­ing a much-curved beak wheth­er or not while young it pos­sessed a beak of this shape, as long as it was fed by its par­ents.

				I have stated in the first chapter, that at whatever age any vari­ation first ap­pears in the par­ent, it tends to re­appear at a cor­res­pond­ing age in the off­spring. Cer­tain vari­ations can only ap­pear at cor­res­pond­ing ages; for in­stance, pe­cu­li­ar­it­ies in the cater­pil­lar, co­coon, or imago states of the silk-moth; or, again, in the full-grown horns of cattle. But vari­ations which, for all that we can see might have ap­peared either earli­er or later in life, like­wise tend to re­appear at a cor­res­pond­ing age in the off­spring and par­ent. I am far from mean­ing that this is in­vari­ably the case, and I could give sev­er­al ex­cep­tion­al cases of vari­ations (tak­ing the word in the largest sense) which have su­per­vened at an earli­er age in the child than in the par­ent.

				These two prin­ciples, namely, that slight vari­ations gen­er­ally ap­pear at a not very early peri­od of life, and are in­her­ited at a cor­res­pond­ing not early peri­od, ex­plain, as I be­lieve, all the above spe­cified lead­ing facts in em­bry­ology. But first let us look to a few ana­log­ous cases in our do­mest­ic vari­et­ies. Some au­thors who have writ­ten on Dogs main­tain that the grey­hound and bull­dog, though so dif­fer­ent, are really closely al­lied vari­et­ies, des­cen­ded from the same wild stock, hence I was curi­ous to see how far their pup­pies differed from each oth­er. I was told by breed­ers that they differed just as much as their par­ents, and this, judging by the eye, seemed al­most to be the case; but on ac­tu­ally meas­ur­ing the old dogs and their six-days-old pup­pies, I found that the pup­pies had not ac­quired nearly their full amount of pro­por­tion­al dif­fer­ence. So, again, I was told that the foals of cart and race­horses—breeds which have been al­most wholly formed by se­lec­tion un­der do­mest­ic­a­tion—differed as much as the full-grown an­im­als; but hav­ing had care­ful meas­ure­ments made of the dams and of three-days-old colts of race and heavy carthorses, I find that this is by no means the case.

				As we have con­clus­ive evid­ence that the breeds of the Pi­geon are des­cen­ded from a single wild spe­cies, I com­pared the young pi­geons with­in twelve hours after be­ing hatched. I care­fully meas­ured the pro­por­tions (but will not here give the de­tails) of the beak, width of mouth, length of nos­tril and of eye­lid, size of feet and length of leg, in the wild par­ent spe­cies, in pout­ers, fan­tails, runts, barbs, dragons, car­ri­ers, and tum­blers. Now, some of these birds, when ma­ture, dif­fer in so ex­traordin­ary a man­ner in the length and form of beak, and in oth­er char­ac­ters, that they would cer­tainly have been ranked as dis­tinct gen­era if found in a state of nature. But when the nest­ling birds of these sev­er­al breeds were placed in a row, though most of them could just be dis­tin­guished, the pro­por­tion­al dif­fer­ences in the above spe­cified points were in­com­par­ably less than in the full-grown birds. Some char­ac­ter­ist­ic points of dif­fer­ence—for in­stance, that of the width of mouth—could hardly be de­tec­ted in the young. But there was one re­mark­able ex­cep­tion to this rule, for the young of the short-faced tum­bler differed from the young of the wild rock-pi­geon, and of the oth­er breeds, in al­most ex­actly the same pro­por­tions as in the adult stage.

				These facts are ex­plained by the above two prin­ciples. Fan­ci­ers se­lect their dogs, horses, pi­geons, etc., for breed­ing, when nearly grown up. They are in­dif­fer­ent wheth­er the de­sired qual­it­ies are ac­quired earli­er or later in life, if the full-grown an­im­al pos­sesses them. And the cases just giv­en, more es­pe­cially that of the pi­geons, show that the char­ac­ter­ist­ic dif­fer­ences which have been ac­cu­mu­lated by man’s se­lec­tion, and which give value to his breeds, do not gen­er­ally ap­pear at a very early peri­od of life, and are in­her­ited at a cor­res­pond­ing not early peri­od. But the case of the short-faced tum­bler, which when twelve hours old pos­sessed its prop­er char­ac­ters, proves that this is not the uni­ver­sal rule; for here the char­ac­ter­ist­ic dif­fer­ences must either have ap­peared at an earli­er peri­od than usu­al, or, if not so, the dif­fer­ences must have been in­her­ited, not at a cor­res­pond­ing, but at an earli­er age.

				Now, let us ap­ply these two prin­ciples to spe­cies in a state of nature. Let us take a group of birds, des­cen­ded from some an­cient form and mod­i­fied through nat­ur­al se­lec­tion for dif­fer­ent habits. Then, from the many slight suc­cess­ive vari­ations hav­ing su­per­vened in the sev­er­al spe­cies at a not early age, and hav­ing been in­her­ited at a cor­res­pond­ing age, the young will have been but little mod­i­fied, and they will still re­semble each oth­er much more closely than do the adults, just as we have seen with the breeds of the pi­geon. We may ex­tend this view to widely dis­tinct struc­tures and to whole classes. The fore­limbs, for in­stance, which once served as legs to a re­mote pro­gen­it­or, may have be­come, through a long course of modi­fic­a­tion, ad­ap­ted in one des­cend­ant to act as hands, in an­oth­er as paddles, in an­oth­er as wings; but on the above two prin­ciples the fore­limbs will not have been much mod­i­fied in the em­bry­os of these sev­er­al forms; al­though in each form the fore­limb will dif­fer greatly in the adult state. Whatever in­flu­ence long-con­tin­ued use or dis­use may have had in modi­fy­ing the limbs or oth­er parts of any spe­cies, this will chiefly or solely have af­fected it when nearly ma­ture, when it was com­pelled to use its full powers to gain its own liv­ing; and the ef­fects thus pro­duced will have been trans­mit­ted to the off­spring at a cor­res­pond­ing nearly ma­ture age. Thus the young will not be mod­i­fied, or will be mod­i­fied only in a slight de­gree, through the ef­fects of the in­creased use or dis­use of parts.

				With some an­im­als the suc­cess­ive vari­ations may have su­per­vened at a very early peri­od of life, or the steps may have been in­her­ited at an earli­er age than that at which they first oc­curred. In either of these cases the young or em­bryo will closely re­semble the ma­ture par­ent-form, as we have seen with the short-faced tum­bler. And this is the rule of de­vel­op­ment in cer­tain whole groups, or in cer­tain sub­groups alone, as with cut­tle­fish, land-shells, fresh­wa­ter crus­ta­ceans, spiders, and some mem­bers of the great class of in­sects. With re­spect to the fi­nal cause of the young in such groups not passing through any meta­morph­os­is, we can see that this would fol­low from the fol­low­ing con­tin­gen­cies: namely, from the young hav­ing to provide at a very early age for their own wants, and from their fol­low­ing the same habits of life with their par­ents; for in this case it would be in­dis­pens­able for their ex­ist­ence that they should be mod­i­fied in the same man­ner as their par­ents. Again, with re­spect to the sin­gu­lar fact that many ter­restri­al and fresh­wa­ter an­im­als do not un­der­go any meta­morph­os­is, while mar­ine mem­bers of the same groups pass through vari­ous trans­form­a­tions, Fritz Muller has sug­ges­ted that the pro­cess of slowly modi­fy­ing and ad­apt­ing an an­im­al to live on the land or in fresh wa­ter, in­stead of in the sea, would be greatly sim­pli­fied by its not passing through any lar­val stage; for it is not prob­able that places well ad­ap­ted for both the lar­val and ma­ture stages, un­der such new and greatly changed habits of life, would com­monly be found un­oc­cu­pied or ill-oc­cu­pied by oth­er or­gan­isms. In this case the gradu­al ac­quire­ment at an earli­er and earli­er age of the adult struc­ture would be fa­voured by nat­ur­al se­lec­tion; and all traces of former meta­morph­oses would fi­nally be lost.

				If, on the oth­er hand, it profited the young of an an­im­al to fol­low habits of life slightly dif­fer­ent from those of the par­ent-form, and con­sequently to be con­struc­ted on a slightly dif­fer­ent plan, or if it profited a larva already dif­fer­ent from its par­ent to change still fur­ther, then, on the prin­ciple of in­her­it­ance at cor­res­pond­ing ages, the young or the lar­vae might be rendered by nat­ur­al se­lec­tion more and more dif­fer­ent from their par­ents to any con­ceiv­able ex­tent. Dif­fer­ences in the larva might, also, be­come cor­rel­ated with suc­cess­ive stages of its de­vel­op­ment; so that the larva, in the first stage, might come to dif­fer greatly from the larva in the second stage, as is the case with many an­im­als. The adult might also be­come fit­ted for sites or habits, in which or­gans of lo­co­motion or of the senses, etc., would be use­less; and in this case the meta­morph­os­is would be ret­ro­grade.

				From the re­marks just made we can see how by changes of struc­ture in the young, in con­form­ity with changed habits of life, to­geth­er with in­her­it­ance at cor­res­pond­ing ages, an­im­als might come to pass through stages of de­vel­op­ment, per­fectly dis­tinct from the prim­or­di­al con­di­tion of their adult pro­gen­it­ors. Most of our best au­thor­it­ies are now con­vinced that the vari­ous lar­val and pupal stages of in­sects have thus been ac­quired through ad­apt­a­tion, and not through in­her­it­ance from some an­cient form. The curi­ous case of Sit­ar­is—a beetle which passes through cer­tain un­usu­al stages of de­vel­op­ment—will il­lus­trate how this might oc­cur. The first lar­val form is de­scribed by M. Fabre, as an act­ive, minute in­sect, fur­nished with six legs, two long an­ten­nae, and four eyes. These lar­vae are hatched in the nests of bees; and when the male bees emerge from their bur­rows, in the spring, which they do be­fore the fe­males, the lar­vae spring on them, and af­ter­wards crawl on to the fe­males while paired with the males. As soon as the fe­male bee de­pos­its her eggs on the sur­face of the honey stored in the cells, the lar­vae of the Sit­ar­is leap on the eggs and de­vour them. Af­ter­wards they un­der­go a com­plete change; their eyes dis­ap­pear; their legs and an­ten­nae be­come rudi­ment­ary, and they feed on honey; so that they now more closely re­semble the or­din­ary lar­vae of in­sects; ul­ti­mately they un­der­go a fur­ther trans­form­a­tion, and fi­nally emerge as the per­fect beetle. Now, if an in­sect, un­der­go­ing trans­form­a­tions like those of the Sit­ar­is, were to be­come the pro­gen­it­or of a whole new class of in­sects, the course of de­vel­op­ment of the new class would be widely dif­fer­ent from that of our ex­ist­ing in­sects; and the first lar­val stage cer­tainly would not rep­res­ent the former con­di­tion of any adult and an­cient form.

				On the oth­er hand it is highly prob­able that with many an­im­als the em­bryon­ic or lar­val stages show us, more or less com­pletely, the con­di­tion of the pro­gen­it­or of the whole group in its adult state. In the great class of the Crus­ta­cea, forms won­der­fully dis­tinct from each oth­er, namely, suctori­al para­sites, cir­ri­pedes, en­to­m­ostraca, and even the malacostraca, ap­pear at first as lar­vae un­der the naupli­us-form; and as these lar­vae live and feed in the open sea, and are not ad­ap­ted for any pe­cu­li­ar habits of life, and from oth­er reas­ons as­signed by Fritz Muller, it is prob­able that at some very re­mote peri­od an in­de­pend­ent adult an­im­al, re­sem­bling the Naupli­us, ex­is­ted, and sub­sequently pro­duced, along sev­er­al di­ver­gent lines of des­cent, the above-named great Crus­ta­cean groups. So again, it is prob­able, from what we know of the em­bry­os of mam­mals, birds, fishes and rep­tiles, that these an­im­als are the mod­i­fied des­cend­ants of some an­cient pro­gen­it­or, which was fur­nished in its adult state with bran­chi­ae, a swim-blad­der, four fin-like limbs, and a long tail, all fit­ted for an aquat­ic life.

				As all the or­gan­ic be­ings, ex­tinct and re­cent, which have ever lived, can be ar­ranged with­in a few great classes; and as all with­in each class have, ac­cord­ing to our the­ory, been con­nec­ted to­geth­er by fine grad­a­tions, the best, and, if our col­lec­tions were nearly per­fect, the only pos­sible ar­range­ment, would be gene­a­lo­gic­al; des­cent be­ing the hid­den bond of con­nec­tion which nat­ur­al­ists have been seek­ing un­der the term of the Nat­ur­al Sys­tem. On this view we can un­der­stand how it is that, in the eyes of most nat­ur­al­ists, the struc­ture of the em­bryo is even more im­port­ant for clas­si­fic­a­tion than that of the adult. In two or more groups of an­im­als, how­ever much they may dif­fer from each oth­er in struc­ture and habits in their adult con­di­tion, if they pass through closely sim­il­ar em­bryon­ic stages, we may feel as­sured that they are all des­cen­ded from one par­ent-form, and are there­fore closely re­lated. Thus, com­munity in em­bryon­ic struc­ture re­veals com­munity of des­cent; but dis­sim­il­ar­ity in em­bryon­ic de­vel­op­ment does not prove dis­com­munity of des­cent, for in one of two groups the de­vel­op­ment­al stages may have been sup­pressed, or may have been so greatly mod­i­fied through ad­apt­a­tion to new habits of life as to be no longer re­cog­nis­able. Even in groups, in which the adults have been mod­i­fied to an ex­treme de­gree, com­munity of ori­gin is of­ten re­vealed by the struc­ture of the lar­vae; we have seen, for in­stance, that cir­ri­pedes, though ex­tern­ally so like shell­fish, are at once known by their lar­vae to be­long to the great class of crus­ta­ceans. As the em­bryo of­ten shows us more or less plainly the struc­ture of the less mod­i­fied and an­cient pro­gen­it­or of the group, we can see why an­cient and ex­tinct forms so of­ten re­semble in their adult state the em­bry­os of ex­ist­ing spe­cies of the same class. Agassiz be­lieves this to be a uni­ver­sal law of nature; and we may hope here­after to see the law proved true. It can, how­ever, be proved true only in those cases in which the an­cient state of the pro­gen­it­or of the group has not been wholly ob­lit­er­ated, either by suc­cess­ive vari­ations hav­ing su­per­vened at a very early peri­od of growth, or by such vari­ations hav­ing been in­her­ited at an earli­er age than that at which they first ap­peared. It should also be borne in mind, that the law may be true, but yet, ow­ing to the geo­lo­gic­al re­cord not ex­tend­ing far enough back in time, may re­main for a long peri­od, or forever, in­cap­able of demon­stra­tion. The law will not strictly hold good in those cases in which an an­cient form be­came ad­ap­ted in its lar­val state to some spe­cial line of life, and trans­mit­ted the same lar­val state to a whole group of des­cend­ants; for such lar­val state will not re­semble any still more an­cient form in its adult state.

				Thus, as it seems to me, the lead­ing facts in em­bry­ology, which are second to none in im­port­ance, are ex­plained on the prin­ciple of vari­ations in the many des­cend­ants from some one an­cient pro­gen­it­or, hav­ing ap­peared at a not very early peri­od of life, and hav­ing been in­her­ited at a cor­res­pond­ing peri­od. Em­bry­ology rises greatly in in­terest, when we look at the em­bryo as a pic­ture, more or less ob­scured, of the pro­gen­it­or, either in its adult or lar­val state, of all the mem­bers of the same great class.

			
			
				Rudimentary, Atrophied, and Aborted Organs

				Or­gans or parts in this strange con­di­tion, bear­ing the plain stamp of inutil­ity, are ex­tremely com­mon, or even gen­er­al, through­out nature. It would be im­possible to name one of the high­er an­im­als in which some part or oth­er is not in a rudi­ment­ary con­di­tion. In the mam­malia, for in­stance, the males pos­sess rudi­ment­ary mam­mae; in snakes one lobe of the lungs is rudi­ment­ary; in birds the “bas­tard-wing” may safely be con­sidered as a rudi­ment­ary di­git, and in some spe­cies the whole wing is so far rudi­ment­ary that it can­not be used for flight. What can be more curi­ous than the pres­ence of teeth in foet­al whales, which when grown up have not a tooth in their heads; or the teeth, which nev­er cut through the gums, in the up­per jaws of un­born calves?

				Rudi­ment­ary or­gans plainly de­clare their ori­gin and mean­ing in vari­ous ways. There are beetles be­long­ing to closely al­lied spe­cies, or even to the same identic­al spe­cies, which have either full-sized and per­fect wings, or mere rudi­ments of mem­brane, which not rarely lie un­der wing-cov­ers firmly soldered to­geth­er; and in these cases it is im­possible to doubt, that the rudi­ments rep­res­ent wings. Rudi­ment­ary or­gans some­times re­tain their po­ten­ti­al­ity: this oc­ca­sion­ally oc­curs with the mam­mae of male mam­mals, which have been known to be­come well de­veloped and to secrete milk. So again in the ud­ders of the genus Bos, there are nor­mally four de­veloped and two rudi­ment­ary teats; but the lat­ter in our do­mest­ic cows some­times be­come well de­veloped and yield milk. In re­gard to plants, the petals are some­times rudi­ment­ary, and some­times well de­veloped in the in­di­vidu­als of the same spe­cies. In cer­tain plants hav­ing sep­ar­ated sexes Kolreu­ter found that by cross­ing a spe­cies, in which the male flowers in­cluded a rudi­ment of a pis­til, with an herm­aph­rod­ite spe­cies, hav­ing of course a well-de­veloped pis­til, the rudi­ment in the hy­brid off­spring was much in­creased in size; and this clearly shows that the rudi­ment­ary and per­fect pis­tils are es­sen­tially alike in nature. An an­im­al may pos­sess vari­ous parts in a per­fect state, and yet they may in one sense be rudi­ment­ary, for they are use­less: thus the tad­pole of the com­mon sala­man­der or wa­ter-newt, as Mr. G. H. Lewes re­marks, “has gills, and passes its ex­ist­ence in the wa­ter; but the Sa­la­man­dra atra, which lives high up among the moun­tains, brings forth its young full-formed. This an­im­al nev­er lives in the wa­ter. Yet if we open a gravid fe­male, we find tad­poles in­side her with ex­quis­itely feathered gills; and when placed in wa­ter they swim about like the tad­poles of the wa­ter-newt. Ob­vi­ously this aquat­ic or­gan­isa­tion has no ref­er­ence to the fu­ture life of the an­im­al, nor has it any ad­apt­a­tion to its em­bryon­ic con­di­tion; it has solely ref­er­ence to an­ces­tral ad­apt­a­tions, it re­peats a phase in the de­vel­op­ment of its pro­gen­it­ors.”

				An or­gan, serving for two pur­poses, may be­come rudi­ment­ary or ut­terly abor­ted for one, even the more im­port­ant pur­pose, and re­main per­fectly ef­fi­cient for the oth­er. Thus, in plants, the of­fice of the pis­til is to al­low the pol­len-tubes to reach the ovules with­in the ovari­um. The pis­til con­sists of a stigma sup­por­ted on the style; but in some Com­pos­it­ae, the male florets, which of course can­not be fec­und­ated, have a rudi­ment­ary pis­til, for it is not crowned with a stigma; but the style re­mains well de­veloped and is clothed in the usu­al man­ner with hairs, which serve to brush the pol­len out of the sur­round­ing and con­joined an­thers. Again, an or­gan may be­come rudi­ment­ary for its prop­er pur­pose, and be used for a dis­tinct one: in cer­tain fishes the swim-blad­der seems to be rudi­ment­ary for its prop­er func­tion of giv­ing buoy­ancy, but has be­come con­ver­ted in­to a nas­cent breath­ing or­gan or lung. Many sim­il­ar in­stances could be giv­en.

				Use­ful or­gans, how­ever little they may be de­veloped, un­less we have reas­on to sup­pose that they were formerly more highly de­veloped, ought not to be con­sidered as rudi­ment­ary. They may be in a nas­cent con­di­tion, and in pro­gress to­wards fur­ther de­vel­op­ment. Rudi­ment­ary or­gans, on the oth­er hand, are either quite use­less, such as teeth which nev­er cut through the gums, or al­most use­less, such as the wings of an os­trich, which serve merely as sails. As or­gans in this con­di­tion would formerly, when still less de­veloped, have been of even less use than at present, they can­not formerly have been pro­duced through vari­ation and nat­ur­al se­lec­tion, which acts solely by the pre­ser­va­tion of use­ful modi­fic­a­tions. They have been par­tially re­tained by the power of in­her­it­ance, and re­late to a former state of things. It is, how­ever, of­ten dif­fi­cult to dis­tin­guish between rudi­ment­ary and nas­cent or­gans; for we can judge only by ana­logy wheth­er a part is cap­able of fur­ther de­vel­op­ment, in which case alone it de­serves to be called nas­cent. Or­gans in this con­di­tion will al­ways be some­what rare; for be­ings thus provided will com­monly have been sup­planted by their suc­cessors with the same or­gan in a more per­fect state, and con­sequently will have be­come long ago ex­tinct. The wing of the pen­guin is of high ser­vice, act­ing as a fin; it may, there­fore, rep­res­ent the nas­cent state of the wing: not that I be­lieve this to be the case; it is more prob­ably a re­duced or­gan, mod­i­fied for a new func­tion: the wing of the Apteryx, on the oth­er hand, is quite use­less, and is truly rudi­ment­ary. Owen con­siders the simple fil­a­ment­ary limbs of the Lepidosiren as the “be­gin­nings of or­gans which at­tain full func­tion­al de­vel­op­ment in high­er ver­teb­rates;” but, ac­cord­ing to the view lately ad­voc­ated by Dr. Gun­ther, they are prob­ably rem­nants, con­sist­ing of the per­sist­ent ax­is of a fin, with the lat­er­al rays or branches abor­ted. The mam­mary glands of the Or­ni­tho­rhynchus may be con­sidered, in com­par­is­on with the ud­ders of a cow, as in a nas­cent con­di­tion. The ovi­ger­ous frena of cer­tain cir­ri­pedes, which have ceased to give at­tach­ment to the ova and are feebly de­veloped, are nas­cent bran­chi­ae.

				Rudi­ment­ary or­gans in the in­di­vidu­als of the same spe­cies are very li­able to vary in the de­gree of their de­vel­op­ment and in oth­er re­spects. In closely al­lied spe­cies, also, the ex­tent to which the same or­gan has been re­duced oc­ca­sion­ally dif­fers much. This lat­ter fact is well ex­em­pli­fied in the state of the wings of fe­male moths be­long­ing to the same fam­ily. Rudi­ment­ary or­gans may be ut­terly abor­ted; and this im­plies, that in cer­tain an­im­als or plants, parts are en­tirely ab­sent which ana­logy would lead us to ex­pect to find in them, and which are oc­ca­sion­ally found in mon­strous in­di­vidu­als. Thus in most of the Scro­phu­lari­aceae the fifth sta­men is ut­terly abor­ted; yet we may con­clude that a fifth sta­men once ex­is­ted, for a rudi­ment of it is found in many spe­cies of the fam­ily, and this rudi­ment oc­ca­sion­ally be­comes per­fectly de­veloped, as may some­times be seen in the com­mon snap­dragon. In tra­cing the ho­mo­lo­gies of any part in dif­fer­ent mem­bers of the same class, noth­ing is more com­mon, or, in or­der fully to un­der­stand the re­la­tions of the parts, more use­ful than the dis­cov­ery of rudi­ments. This is well shown in the draw­ings giv­en by Owen of the leg bones of the horse, ox, and rhino­cer­os.

				It is an im­port­ant fact that rudi­ment­ary or­gans, such as teeth in the up­per jaws of whales and ru­min­ants, can of­ten be de­tec­ted in the em­bryo, but af­ter­wards wholly dis­ap­pear. It is also, I be­lieve, a uni­ver­sal rule, that a rudi­ment­ary part is of great­er size in the em­bryo re­l­at­ively to the ad­join­ing parts, than in the adult; so that the or­gan at this early age is less rudi­ment­ary, or even can­not be said to be in any de­gree rudi­ment­ary. Hence rudi­ment­ary or­gans in the adult are of­ten said to have re­tained their em­bryon­ic con­di­tion.

				I have now giv­en the lead­ing facts with re­spect to rudi­ment­ary or­gans. In re­flect­ing on them, every­one must be struck with as­ton­ish­ment; for the same reas­on­ing power which tells us that most parts and or­gans are ex­quis­itely ad­ap­ted for cer­tain pur­poses, tells us with equal plain­ness that these rudi­ment­ary or at­rophied or­gans are im­per­fect and use­less. In works on nat­ur­al his­tory, rudi­ment­ary or­gans are gen­er­ally said to have been cre­ated “for the sake of sym­metry,” or in or­der “to com­plete the scheme of nature.” But this is not an ex­plan­a­tion, merely a re­state­ment of the fact. Nor is it con­sist­ent with it­self: thus the boa-con­strict­or has rudi­ments of hind limbs and of a pel­vis, and if it be said that these bones have been re­tained “to com­plete the scheme of nature,” why, as Pro­fess­or Weis­mann asks, have they not been re­tained by oth­er snakes, which do not pos­sess even a vestige of these same bones? What would be thought of an as­tro­nomer who main­tained that the satel­lites re­volve in el­lipt­ic courses round their plan­ets “for the sake of sym­metry,” be­cause the plan­ets thus re­volve round the sun? An em­in­ent physiolo­gist ac­counts for the pres­ence of rudi­ment­ary or­gans, by sup­pos­ing that they serve to ex­crete mat­ter in ex­cess, or mat­ter in­jur­i­ous to the sys­tem; but can we sup­pose that the minute papilla, which of­ten rep­res­ents the pis­til in male flowers, and which is formed of mere cel­lu­lar tis­sue, can thus act? Can we sup­pose that rudi­ment­ary teeth, which are sub­sequently ab­sorbed, are be­ne­fi­cial to the rap­idly grow­ing em­bryon­ic calf by re­mov­ing mat­ter so pre­cious as phos­phate of lime? When a man’s fin­gers have been am­pu­tated, im­per­fect nails have been known to ap­pear on the stumps, and I could as soon be­lieve that these vestiges of nails are de­veloped in or­der to ex­crete horny mat­ter, as that the rudi­ment­ary nails on the fin of the manatee have been de­veloped for this same pur­pose.

				On the view of des­cent with modi­fic­a­tion, the ori­gin of rudi­ment­ary or­gans is com­par­at­ively simple; and we can un­der­stand to a large ex­tent the laws gov­ern­ing their im­per­fect de­vel­op­ment. We have plenty of cases of rudi­ment­ary or­gans in our do­mest­ic pro­duc­tions, as the stump of a tail in tail­less breeds, the vestige of an ear in ear­less breeds of sheep—the re­appear­ance of minute dangling horns in horn­less breeds of cattle, more es­pe­cially, ac­cord­ing to You­att, in young an­im­als—and the state of the whole flower in the cauli­flower. We of­ten see rudi­ments of vari­ous parts in mon­sters; but I doubt wheth­er any of these cases throw light on the ori­gin of rudi­ment­ary or­gans in a state of nature, fur­ther than by show­ing that rudi­ments can be pro­duced; for the bal­ance of evid­ence clearly in­dic­ates that spe­cies un­der nature do not un­der­go great and ab­rupt changes. But we learn from the study of our do­mest­ic pro­duc­tions that the dis­use of parts leads to their re­duced size; and that the res­ult is in­her­ited.

				It ap­pears prob­able that dis­use has been the main agent in ren­der­ing or­gans rudi­ment­ary. It would at first lead by slow steps to the more and more com­plete re­duc­tion of a part, un­til at last it be­came rudi­ment­ary—as in the case of the eyes of an­im­als in­hab­it­ing dark cav­erns, and of the wings of birds in­hab­it­ing ocean­ic is­lands, which have sel­dom been forced by beasts of prey to take flight, and have ul­ti­mately lost the power of fly­ing. Again, an or­gan, use­ful un­der cer­tain con­di­tions, might be­come in­jur­i­ous un­der oth­ers, as with the wings of beetles liv­ing on small and ex­posed is­lands; and in this case nat­ur­al se­lec­tion will have aided in re­du­cing the or­gan, un­til it was rendered harm­less and rudi­ment­ary.

				Any change in struc­ture and func­tion, which can be ef­fected by small stages, is with­in the power of nat­ur­al se­lec­tion; so that an or­gan rendered, through changed habits of life, use­less or in­jur­i­ous for one pur­pose, might be mod­i­fied and used for an­oth­er pur­pose. An or­gan might, also, be re­tained for one alone of its former func­tions. Or­gans, ori­gin­ally formed by the aid of nat­ur­al se­lec­tion, when rendered use­less may well be vari­able, for their vari­ations can no longer be checked by nat­ur­al se­lec­tion. All this agrees well with what we see un­der nature. Moreover, at whatever peri­od of life either dis­use or se­lec­tion re­duces an or­gan, and this will gen­er­ally be when the be­ing has come to ma­tur­ity and to ex­ert its full powers of ac­tion, the prin­ciple of in­her­it­ance at cor­res­pond­ing ages will tend to re­pro­duce the or­gan in its re­duced state at the same ma­ture age, but will sel­dom af­fect it in the em­bryo. Thus we can un­der­stand the great­er size of rudi­ment­ary or­gans in the em­bryo re­l­at­ively to the ad­join­ing parts, and their less­er re­l­at­ive size in the adult. If, for in­stance, the di­git of an adult an­im­al was used less and less dur­ing many gen­er­a­tions, ow­ing to some change of habits, or if an or­gan or gland was less and less func­tion­ally ex­er­cised, we may in­fer that it would be­come re­duced in size in the adult des­cend­ants of this an­im­al, but would re­tain nearly its ori­gin­al stand­ard of de­vel­op­ment in the em­bryo.

				There re­mains, how­ever, this dif­fi­culty. After an or­gan has ceased be­ing used, and has be­come in con­sequence much re­duced, how can it be still fur­ther re­duced in size un­til the merest vestige is left; and how can it be fi­nally quite ob­lit­er­ated? It is scarcely pos­sible that dis­use can go on pro­du­cing any fur­ther ef­fect after the or­gan has once been rendered func­tion­less. Some ad­di­tion­al ex­plan­a­tion is here re­quis­ite which I can­not give. If, for in­stance, it could be proved that every part of the or­gan­isa­tion tends to vary in a great­er de­gree to­wards di­minu­tion than to­ward aug­ment­a­tion of size, then we should be able to un­der­stand how an or­gan which has be­come use­less would be rendered, in­de­pend­ently of the ef­fects of dis­use, rudi­ment­ary and would at last be wholly sup­pressed; for the vari­ations to­wards di­min­ished size would no longer be checked by nat­ur­al se­lec­tion. The prin­ciple of the eco­nomy of growth, ex­plained in a former chapter, by which the ma­ter­i­als form­ing any part, if not use­ful to the pos­sessor, are saved as far as is pos­sible, will per­haps come in­to play in ren­der­ing a use­less part rudi­ment­ary. But this prin­ciple will al­most ne­ces­sar­ily be con­fined to the earli­er stages of the pro­cess of re­duc­tion; for we can­not sup­pose that a minute papilla, for in­stance, rep­res­ent­ing in a male flower the pis­til of the fe­male flower, and formed merely of cel­lu­lar tis­sue, could be fur­ther re­duced or ab­sorbed for the sake of eco­nom­ising nu­tri­ment.

				Fi­nally, as rudi­ment­ary or­gans, by whatever steps they may have been de­graded in­to their present use­less con­di­tion, are the re­cord of a former state of things, and have been re­tained solely through the power of in­her­it­ance—we can un­der­stand, on the gene­a­lo­gic­al view of clas­si­fic­a­tion, how it is that sys­tem­at­ists, in pla­cing or­gan­isms in their prop­er places in the nat­ur­al sys­tem, have of­ten found rudi­ment­ary parts as use­ful as, or even some­times more use­ful than, parts of high physiolo­gic­al im­port­ance. Rudi­ment­ary or­gans may be com­pared with the let­ters in a word, still re­tained in the spelling, but be­come use­less in the pro­nun­ci­ation, but which serve as a clue for its de­riv­a­tion. On the view of des­cent with modi­fic­a­tion, we may con­clude that the ex­ist­ence of or­gans in a rudi­ment­ary, im­per­fect, and use­less con­di­tion, or quite abor­ted, far from present­ing a strange dif­fi­culty, as they as­suredly do on the old doc­trine of cre­ation, might even have been an­ti­cip­ated in ac­cord­ance with the views here ex­plained.

			
			
				Summary

				In this chapter I have at­temp­ted to show that the ar­range­ment of all or­gan­ic be­ings through­out all time in groups un­der groups—that the nature of the re­la­tion­ships by which all liv­ing and ex­tinct or­gan­isms are united by com­plex, ra­di­at­ing, and cir­cuit­ous lines of af­fin­it­ies in­to a few grand classes—the rules fol­lowed and the dif­fi­culties en­countered by nat­ur­al­ists in their clas­si­fic­a­tions—the value set upon char­ac­ters, if con­stant and pre­val­ent, wheth­er of high or of the most tri­fling im­port­ance, or, as with rudi­ment­ary or­gans of no im­port­ance—the wide op­pos­i­tion in value between ana­lo­gic­al or ad­apt­ive char­ac­ters, and char­ac­ters of true af­fin­ity; and oth­er such rules—all nat­ur­ally fol­low if we ad­mit the com­mon par­ent­age of al­lied forms, to­geth­er with their modi­fic­a­tion through vari­ation and nat­ur­al se­lec­tion, with the con­tin­gen­cies of ex­tinc­tion and di­ver­gence of char­ac­ter. In con­sid­er­ing this view of clas­si­fic­a­tion, it should be borne in mind that the ele­ment of des­cent has been uni­ver­sally used in rank­ing to­geth­er the sexes, ages, di­morph­ic forms, and ac­know­ledged vari­et­ies of the same spe­cies, how­ever much they may dif­fer from each oth­er in struc­ture. If we ex­tend the use of this ele­ment of des­cent—the one cer­tainly known cause of sim­il­ar­ity in or­gan­ic be­ings—we shall un­der­stand what is meant by the Nat­ur­al Sys­tem: it is gene­a­lo­gic­al in its at­temp­ted ar­range­ment, with the grades of ac­quired dif­fer­ence marked by the terms, vari­et­ies, spe­cies, gen­era, fam­il­ies, or­ders, and classes.

				On this same view of des­cent with modi­fic­a­tion, most of the great facts in Mor­pho­logy be­come in­tel­li­gible—wheth­er we look to the same pat­tern dis­played by the dif­fer­ent spe­cies of the same class in their ho­mo­log­ous or­gans, to whatever pur­pose ap­plied, or to the seri­al and lat­er­al ho­mo­lo­gies in each in­di­vidu­al an­im­al and plant.

				On the prin­ciple of suc­cess­ive slight vari­ations, not ne­ces­sar­ily or gen­er­ally su­per­ven­ing at a very early peri­od of life, and be­ing in­her­ited at a cor­res­pond­ing peri­od, we can un­der­stand the lead­ing facts in em­bry­ology; namely, the close re­semb­lance in the in­di­vidu­al em­bryo of the parts which are ho­mo­log­ous, and which when ma­tured be­come widely dif­fer­ent in struc­ture and func­tion; and the re­semb­lance of the ho­mo­log­ous parts or or­gans in al­lied though dis­tinct spe­cies, though fit­ted in the adult state for habits as dif­fer­ent as is pos­sible. Lar­vae are act­ive em­bry­os, which have be­come spe­cially mod­i­fied in a great­er or less de­gree in re­la­tion to their habits of life, with their modi­fic­a­tions in­her­ited at a cor­res­pond­ing early age. On these same prin­ciples, and bear­ing in mind that when or­gans are re­duced in size, either from dis­use or through nat­ur­al se­lec­tion, it will gen­er­ally be at that peri­od of life when the be­ing has to provide for its own wants, and bear­ing in mind how strong is the force of in­her­it­ance—the oc­cur­rence of rudi­ment­ary or­gans might even have been an­ti­cip­ated. The im­port­ance of em­bry­olo­gic­al char­ac­ters and of rudi­ment­ary or­gans in clas­si­fic­a­tion is in­tel­li­gible, on the view that a nat­ur­al ar­range­ment must be gene­a­lo­gic­al.

				Fi­nally, the sev­er­al classes of facts which have been con­sidered in this chapter, seem to me to pro­claim so plainly, that the in­nu­mer­able spe­cies, gen­era and fam­il­ies, with which this world is peopled, are all des­cen­ded, each with­in its own class or group, from com­mon par­ents, and have all been mod­i­fied in the course of des­cent, that I should without hes­it­a­tion ad­opt this view, even if it were un­sup­por­ted by oth­er facts or ar­gu­ments.

			
		
	
		
			
				XV

				Re­capit­u­la­tion and Con­clu­sion

			
			As this whole volume is one long ar­gu­ment, it may be con­veni­ent to the read­er to have the lead­ing facts and in­fer­ences briefly re­capit­u­lated.

			That many and ser­i­ous ob­jec­tions may be ad­vanced against the the­ory of des­cent with modi­fic­a­tion through vari­ation and nat­ur­al se­lec­tion, I do not deny. I have en­deav­oured to give to them their full force. Noth­ing at first can ap­pear more dif­fi­cult to be­lieve than that the more com­plex or­gans and in­stincts have been per­fec­ted, not by means su­per­i­or to, though ana­log­ous with, hu­man reas­on, but by the ac­cu­mu­la­tion of in­nu­mer­able slight vari­ations, each good for the in­di­vidu­al pos­sessor. Nev­er­the­less, this dif­fi­culty, though ap­pear­ing to our ima­gin­a­tion in­su­per­ably great, can­not be con­sidered real if we ad­mit the fol­low­ing pro­pos­i­tions, namely, that all parts of the or­gan­isa­tion and in­stincts of­fer, at least in­di­vidu­al dif­fer­ences—that there is a struggle for ex­ist­ence lead­ing to the pre­ser­va­tion of prof­it­able de­vi­ations of struc­ture or in­stinct—and, lastly, that grad­a­tions in the state of per­fec­tion of each or­gan may have ex­is­ted, each good of its kind. The truth of these pro­pos­i­tions can­not, I think, be dis­puted.

			It is, no doubt, ex­tremely dif­fi­cult even to con­jec­ture by what grad­a­tions many struc­tures have been per­fec­ted, more es­pe­cially among broken and fail­ing groups of or­gan­ic be­ings, which have suffered much ex­tinc­tion; but we see so many strange grad­a­tions in nature, that we ought to be ex­tremely cau­tious in say­ing that any or­gan or in­stinct, or any whole struc­ture, could not have ar­rived at its present state by many gradu­ated steps. There are, it must be ad­mit­ted, cases of spe­cial dif­fi­culty op­posed to the the­ory of nat­ur­al se­lec­tion; and one of the most curi­ous of these is the ex­ist­ence in the same com­munity of two or three defined castes of work­ers or sterile fe­male ants; but I have at­temp­ted to show how these dif­fi­culties can be mastered.

			With re­spect to the al­most uni­ver­sal ster­il­ity of spe­cies when first crossed, which forms so re­mark­able a con­trast with the al­most uni­ver­sal fer­til­ity of vari­et­ies when crossed, I must refer the read­er to the re­capit­u­la­tion of the facts giv­en at the end of the ninth chapter, which seem to me con­clus­ively to show that this ster­il­ity is no more a spe­cial en­dow­ment than is the in­ca­pa­city of two dis­tinct kinds of trees to be graf­ted to­geth­er; but that it is in­cid­ent­al on dif­fer­ences con­fined to the re­pro­duct­ive sys­tems of the in­ter­crossed spe­cies. We see the truth of this con­clu­sion in the vast dif­fer­ence in the res­ults of cross­ing the same two spe­cies re­cip­roc­ally—that is, when one spe­cies is first used as the fath­er and then as the moth­er. Ana­logy from the con­sid­er­a­tion of di­morph­ic and tri­morph­ic plants clearly leads to the same con­clu­sion, for when the forms are il­le­git­im­ately united, they yield few or no seed, and their off­spring are more or less sterile; and these forms be­long to the same un­doubted spe­cies, and dif­fer from each oth­er in no re­spect ex­cept in their re­pro­duct­ive or­gans and func­tions.

			Al­though the fer­til­ity of vari­et­ies when in­ter­crossed, and of their mon­grel off­spring, has been as­ser­ted by so many au­thors to be uni­ver­sal, this can­not be con­sidered as quite cor­rect after the facts giv­en on the high au­thor­ity of Gart­ner and Kolreu­ter. Most of the vari­et­ies which have been ex­per­i­mented on have been pro­duced un­der do­mest­ic­a­tion; and as do­mest­ic­a­tion (I do not mean mere con­fine­ment) al­most cer­tainly tends to elim­in­ate that ster­il­ity which, judging from ana­logy, would have af­fected the par­ent-spe­cies if in­ter­crossed, we ought not to ex­pect that do­mest­ic­a­tion would like­wise in­duce ster­il­ity in their mod­i­fied des­cend­ants when crossed. This elim­in­a­tion of ster­il­ity ap­par­ently fol­lows from the same cause which al­lows our do­mest­ic an­im­als to breed freely un­der di­ver­si­fied cir­cum­stances; and this again ap­par­ently fol­lows from their hav­ing been gradu­ally ac­cus­tomed to fre­quent changes in their con­di­tions of life.

			A double and par­al­lel series of facts seems to throw much light on the ster­il­ity of spe­cies, when first crossed, and of their hy­brid off­spring. On the one side, there is good reas­on to be­lieve that slight changes in the con­di­tions of life give vigour and fer­til­ity to all or­gan­ic be­ings. We know also that a cross between the dis­tinct in­di­vidu­als of the same vari­ety, and between dis­tinct vari­et­ies, in­creases the num­ber of their off­spring, and cer­tainly gives to them in­creased size and vigour. This is chiefly ow­ing to the forms which are crossed hav­ing been ex­posed to some­what dif­fer­ent con­di­tions of life; for I have as­cer­tained by a la­bouri­ous series of ex­per­i­ments that if all the in­di­vidu­als of the same vari­ety be sub­jec­ted dur­ing sev­er­al gen­er­a­tions to the same con­di­tions, the good de­rived from cross­ing is of­ten much di­min­ished or wholly dis­ap­pears. This is one side of the case. On the oth­er side, we know that spe­cies which have long been ex­posed to nearly uni­form con­di­tions, when they are sub­jec­ted un­der con­fine­ment to new and greatly changed con­di­tions, either per­ish, or if they sur­vive, are rendered sterile, though re­tain­ing per­fect health. This does not oc­cur, or only in a very slight de­gree, with our do­mest­ic­ated pro­duc­tions, which have long been ex­posed to fluc­tu­at­ing con­di­tions. Hence when we find that hy­brids pro­duced by a cross between two dis­tinct spe­cies are few in num­ber, ow­ing to their per­ish­ing soon after con­cep­tion or at a very early age, or if sur­viv­ing that they are rendered more or less sterile, it seems highly prob­able that this res­ult is due to their hav­ing been in fact sub­jec­ted to a great change in their con­di­tions of life, from be­ing com­poun­ded of two dis­tinct or­gan­isa­tions. He who will ex­plain in a def­in­ite man­ner why, for in­stance, an ele­phant or a fox will not breed un­der con­fine­ment in its nat­ive coun­try, whilst the do­mest­ic pig or dog will breed freely un­der the most di­ver­si­fied con­di­tions, will at the same time be able to give a def­in­ite an­swer to the ques­tion why two dis­tinct spe­cies, when crossed, as well as their hy­brid off­spring, are gen­er­ally rendered more or less sterile, while two do­mest­ic­ated vari­et­ies when crossed and their mon­grel off­spring are per­fectly fer­tile.

			Turn­ing to geo­graph­ic­al dis­tri­bu­tion, the dif­fi­culties en­countered on the the­ory of des­cent with modi­fic­a­tion are ser­i­ous enough. All the in­di­vidu­als of the same spe­cies, and all the spe­cies of the same genus, or even high­er group, are des­cen­ded from com­mon par­ents; and there­fore, in how­ever dis­tant and isol­ated parts of the world they may now be found, they must in the course of suc­cess­ive gen­er­a­tions have trav­elled from some one point to all the oth­ers. We are of­ten wholly un­able even to con­jec­ture how this could have been ef­fected. Yet, as we have reas­on to be­lieve that some spe­cies have re­tained the same spe­cif­ic form for very long peri­ods of time, im­mensely long as meas­ured by years, too much stress ought not to be laid on the oc­ca­sion­al wide dif­fu­sion of the same spe­cies; for dur­ing very long peri­ods there will al­ways have been a good chance for wide mi­gra­tion by many means. A broken or in­ter­rup­ted range may of­ten be ac­coun­ted for by the ex­tinc­tion of the spe­cies in the in­ter­me­di­ate re­gions. It can­not be denied that we are as yet very ig­nor­ant as to the full ex­tent of the vari­ous cli­mat­ic­al and geo­graph­ic­al changes which have af­fected the earth dur­ing mod­ern peri­ods; and such changes will of­ten have fa­cil­it­ated mi­gra­tion. As an ex­ample, I have at­temp­ted to show how po­tent has been the in­flu­ence of the Gla­cial peri­od on the dis­tri­bu­tion of the same and of al­lied spe­cies through­out the world. We are as yet pro­foundly ig­nor­ant of the many oc­ca­sion­al means of trans­port. With re­spect to dis­tinct spe­cies of the same genus, in­hab­it­ing dis­tant and isol­ated re­gions, as the pro­cess of modi­fic­a­tion has ne­ces­sar­ily been slow, all the means of mi­gra­tion will have been pos­sible dur­ing a very long peri­od; and con­sequently the dif­fi­culty of the wide dif­fu­sion of the spe­cies of the same genus is in some de­gree lessened.

			As ac­cord­ing to the the­ory of nat­ur­al se­lec­tion an in­ter­min­able num­ber of in­ter­me­di­ate forms must have ex­is­ted, link­ing to­geth­er all the spe­cies in each group by grad­a­tions as fine as our ex­ist­ing vari­et­ies, it may be asked, Why do we not see these link­ing forms all around us? Why are not all or­gan­ic be­ings blen­ded to­geth­er in an in­ex­tric­able chaos? With re­spect to ex­ist­ing forms, we should re­mem­ber that we have no right to ex­pect (ex­cept­ing in rare cases) to dis­cov­er dir­ectly con­nect­ing links between them, but only between each and some ex­tinct and sup­planted form. Even on a wide area, which has dur­ing a long peri­od re­mained con­tinu­ous, and of which the cli­mat­ic and oth­er con­di­tions of life change in­sens­ibly in pro­ceed­ing from a dis­trict oc­cu­pied by one spe­cies in­to an­oth­er dis­trict oc­cu­pied by a closely al­lied spe­cies, we have no just right to ex­pect of­ten to find in­ter­me­di­ate vari­et­ies in the in­ter­me­di­ate zones. For we have reas­on to be­lieve that only a few spe­cies of a genus ever un­der­go change; the oth­er spe­cies be­com­ing ut­terly ex­tinct and leav­ing no mod­i­fied pro­geny. Of the spe­cies which do change, only a few with­in the same coun­try change at the same time; and all modi­fic­a­tions are slowly ef­fected. I have also shown that the in­ter­me­di­ate vari­et­ies which prob­ably at first ex­is­ted in the in­ter­me­di­ate zones, would be li­able to be sup­planted by the al­lied forms on either hand; for the lat­ter, from ex­ist­ing in great­er num­bers, would gen­er­ally be mod­i­fied and im­proved at a quick­er rate than the in­ter­me­di­ate vari­et­ies, which ex­is­ted in less­er num­bers; so that the in­ter­me­di­ate vari­et­ies would, in the long run, be sup­planted and ex­term­in­ated.

			On this doc­trine of the ex­term­in­a­tion of an in­finitude of con­nect­ing links, between the liv­ing and ex­tinct in­hab­it­ants of the world, and at each suc­cess­ive peri­od between the ex­tinct and still older spe­cies, why is not every geo­lo­gic­al form­a­tion charged with such links? Why does not every col­lec­tion of fossil re­mains af­ford plain evid­ence of the grad­a­tion and muta­tion of the forms of life? Al­though geo­lo­gic­al re­search has un­doubtedly re­vealed the former ex­ist­ence of many links, bring­ing nu­mer­ous forms of life much closer to­geth­er, it does not yield the in­fin­itely many fine grad­a­tions between past and present spe­cies re­quired on the the­ory, and this is the most ob­vi­ous of the many ob­jec­tions which may be urged against it. Why, again, do whole groups of al­lied spe­cies ap­pear, though this ap­pear­ance is of­ten false, to have come in sud­denly on the suc­cess­ive geo­lo­gic­al stages? Al­though we now know that or­gan­ic be­ings ap­peared on this globe, at a peri­od in­cal­cul­ably re­mote, long be­fore the low­est bed of the Cam­bri­an sys­tem was de­pos­ited, why do we not find be­neath this sys­tem great piles of strata stored with the re­mains of the pro­gen­it­ors of the Cam­bri­an fossils? For on the the­ory, such strata must some­where have been de­pos­ited at these an­cient and ut­terly un­known epochs of the world’s his­tory.

			I can an­swer these ques­tions and ob­jec­tions only on the sup­pos­i­tion that the geo­lo­gic­al re­cord is far more im­per­fect than most geo­lo­gists be­lieve. The num­ber of spe­ci­mens in all our mu­seums is ab­so­lutely as noth­ing com­pared with the count­less gen­er­a­tions of count­less spe­cies which have cer­tainly ex­is­ted. The par­ent form of any two or more spe­cies would not be in all its char­ac­ters dir­ectly in­ter­me­di­ate between its mod­i­fied off­spring, any more than the rock-pi­geon is dir­ectly in­ter­me­di­ate in crop and tail between its des­cend­ants, the pout­er and fan­tail pi­geons. We should not be able to re­cog­nise a spe­cies as the par­ent of an­oth­er and mod­i­fied spe­cies, if we were to ex­am­ine the two ever so closely, un­less we pos­sessed most of the in­ter­me­di­ate links; and ow­ing to the im­per­fec­tion of the geo­lo­gic­al re­cord, we have no just right to ex­pect to find so many links. If two or three, or even more link­ing forms were dis­covered, they would simply be ranked by many nat­ur­al­ists as so many new spe­cies, more es­pe­cially if found in dif­fer­ent geo­lo­gic­al sub­stages, let their dif­fer­ences be ever so slight. Nu­mer­ous ex­ist­ing doubt­ful forms could be named which are prob­ably vari­et­ies; but who will pre­tend that in fu­ture ages so many fossil links will be dis­covered, that nat­ur­al­ists will be able to de­cide wheth­er or not these doubt­ful forms ought to be called vari­et­ies? Only a small por­tion of the world has been geo­lo­gic­ally ex­plored. Only or­gan­ic be­ings of cer­tain classes can be pre­served in a fossil con­di­tion, at least in any great num­ber. Many spe­cies when once formed nev­er un­der­go any fur­ther change but be­come ex­tinct without leav­ing mod­i­fied des­cend­ants; and the peri­ods dur­ing which spe­cies have un­der­gone modi­fic­a­tion, though long as meas­ured by years, have prob­ably been short in com­par­is­on with the peri­ods dur­ing which they re­tained the same form. It is the dom­in­ant and widely ran­ging spe­cies which vary most fre­quently and vary most, and vari­et­ies are of­ten at first loc­al—both causes ren­der­ing the dis­cov­ery of in­ter­me­di­ate links in any one form­a­tion less likely. Loc­al vari­et­ies will not spread in­to oth­er and dis­tant re­gions un­til they are con­sid­er­ably mod­i­fied and im­proved; and when they have spread, and are dis­covered in a geo­lo­gic­al form­a­tion, they ap­pear as if sud­denly cre­ated there, and will be simply classed as new spe­cies. Most form­a­tions have been in­ter­mit­tent in their ac­cu­mu­la­tion; and their dur­a­tion has prob­ably been short­er than the av­er­age dur­a­tion of spe­cif­ic forms. Suc­cess­ive form­a­tions are in most cases sep­ar­ated from each oth­er by blank in­ter­vals of time of great length, for fos­silifer­ous form­a­tions thick enough to res­ist fu­ture de­grad­a­tion can, as a gen­er­al rule, be ac­cu­mu­lated only where much sed­i­ment is de­pos­ited on the sub­sid­ing bed of the sea. Dur­ing the al­tern­ate peri­ods of el­ev­a­tion and of sta­tion­ary level the re­cord will gen­er­ally be blank. Dur­ing these lat­ter peri­ods there will prob­ably be more vari­ab­il­ity in the forms of life; dur­ing peri­ods of sub­sid­ence, more ex­tinc­tion.

			With re­spect to the ab­sence of strata rich in fossils be­neath the Cam­bri­an form­a­tion, I can re­cur only to the hy­po­thes­is giv­en in the tenth chapter; namely, that though our con­tin­ents and oceans have en­dured for an enorm­ous peri­od in nearly their present re­l­at­ive po­s­i­tions, we have no reas­on to as­sume that this has al­ways been the case; con­sequently form­a­tions much older than any now known may lie bur­ied be­neath the great oceans. With re­spect to the lapse of time not hav­ing been suf­fi­cient since our plan­et was con­sol­id­ated for the as­sumed amount of or­gan­ic change, and this ob­jec­tion, as urged by Sir Wil­li­am Thompson, is prob­ably one of the gravest as yet ad­vanced, I can only say, firstly, that we do not know at what rate spe­cies change, as meas­ured by years, and secondly, that many philo­soph­ers are not as yet will­ing to ad­mit that we know enough of the con­sti­tu­tion of the uni­verse and of the in­teri­or of our globe to spec­u­late with safety on its past dur­a­tion.

			That the geo­lo­gic­al re­cord is im­per­fect 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 changed; and they have changed in the man­ner re­quired by the the­ory, for they have changed slowly and in a gradu­ated man­ner. We clearly see this in the fossil re­mains from con­sec­ut­ive form­a­tions in­vari­ably be­ing much more closely re­lated to each oth­er than are the fossils from widely sep­ar­ated form­a­tions.

			Such is the sum of the sev­er­al chief ob­jec­tions and dif­fi­culties which may justly be urged against the the­ory; and I have now briefly re­capit­u­lated the an­swers and ex­plan­a­tions which, as far as I can see, may be giv­en. I have felt these dif­fi­culties far too heav­ily dur­ing many years to doubt their weight. But it de­serves es­pe­cial no­tice that the more im­port­ant ob­jec­tions re­late to ques­tions on which we are con­fessedly ig­nor­ant; nor do we know how ig­nor­ant we are. We do not know all the pos­sible trans­ition­al grad­a­tions between the simplest and the most per­fect or­gans; it can­not be pre­ten­ded that we know all the var­ied means of dis­tri­bu­tion dur­ing the long lapse of years, or that we know how im­per­fect is the geo­lo­gic­al re­cord. Ser­i­ous as these sev­er­al ob­jec­tions are, in my judg­ment they are by no means suf­fi­cient to over­throw the the­ory of des­cent with sub­sequent modi­fic­a­tion.

			

			Now let us turn to the oth­er side of the ar­gu­ment. Un­der do­mest­ic­a­tion we see much vari­ab­il­ity, caused, or at least ex­cited, by changed con­di­tions of life; but of­ten in so ob­scure a man­ner, that we are temp­ted to con­sider the vari­ations as spon­tan­eous. Vari­ab­il­ity is gov­erned by many com­plex laws, by cor­rel­ated growth, com­pens­a­tion, the in­creased use and dis­use of parts, and the def­in­ite ac­tion of the sur­round­ing con­di­tions. There is much dif­fi­culty in as­cer­tain­ing how largely our do­mest­ic pro­duc­tions have been mod­i­fied; but we may safely in­fer that the amount has been large, and that modi­fic­a­tions can be in­her­ited for long peri­ods. As long as the con­di­tions of life re­main the same, we have reas­on to be­lieve that a modi­fic­a­tion, which has already been in­her­ited for many gen­er­a­tions, may con­tin­ue to be in­her­ited for an al­most in­fin­ite num­ber of gen­er­a­tions. On the oth­er hand we have evid­ence that vari­ab­il­ity, when it has once come in­to play, does not cease un­der do­mest­ic­a­tion for a very long peri­od; nor do we know that it ever ceases, for new vari­et­ies are still oc­ca­sion­ally pro­duced by our old­est do­mest­ic­ated pro­duc­tions.

			Vari­ab­il­ity is not ac­tu­ally caused by man; he only un­in­ten­tion­ally ex­poses or­gan­ic be­ings to new con­di­tions of life and then nature acts on the or­gan­isa­tion and causes it to vary. But man can and does se­lect the vari­ations giv­en to him by nature, and thus ac­cu­mu­lates them in any de­sired man­ner. He thus ad­apts an­im­als and plants for his own be­ne­fit or pleas­ure. He may do this meth­od­ic­ally, or he may do it un­con­sciously by pre­serving the in­di­vidu­als most use­ful or pleas­ing to him without any in­ten­tion of al­ter­ing the breed. It is cer­tain that he can largely in­flu­ence the char­ac­ter of a breed by se­lect­ing, in each suc­cess­ive gen­er­a­tion, in­di­vidu­al dif­fer­ences so slight as to be in­ap­pre­ciable ex­cept by an edu­cated eye. This un­con­scious pro­cess of se­lec­tion has been the great agency in the form­a­tion of the most dis­tinct and use­ful do­mest­ic breeds. That many breeds pro­duced by man have to a large ex­tent the char­ac­ter of nat­ur­al spe­cies, is shown by the in­ex­tric­able doubts wheth­er many of them are vari­et­ies or ab­ori­gin­ally dis­tinct spe­cies.

			There is no reas­on why the prin­ciples which have ac­ted so ef­fi­ciently un­der do­mest­ic­a­tion should not have ac­ted un­der nature. In the sur­viv­al of fa­voured in­di­vidu­als and races, dur­ing the con­stantly re­cur­rent Struggle for Ex­ist­ence, we see a power­ful and ever-act­ing form of Se­lec­tion. The struggle for ex­ist­ence in­ev­it­ably fol­lows from the high geo­met­ric­al ra­tio of in­crease which is com­mon to all or­gan­ic be­ings. This high rate of in­crease is proved by cal­cu­la­tion—by the rap­id in­crease of many an­im­als and plants dur­ing a suc­ces­sion of pe­cu­li­ar sea­sons, and when nat­ur­al­ised in new coun­tries. More in­di­vidu­als are born than can pos­sibly sur­vive. A grain in the bal­ance may de­term­ine which in­di­vidu­als shall live and which shall die—which vari­ety or spe­cies shall in­crease in num­ber, and which shall de­crease, or fi­nally be­come ex­tinct. As the in­di­vidu­als of the same spe­cies come in all re­spects in­to the closest com­pet­i­tion with each oth­er, the struggle will gen­er­ally be most severe between them; it will be al­most equally severe between the vari­et­ies of the same spe­cies, and next in sever­ity between the spe­cies of the same genus. On the oth­er hand the struggle will of­ten be severe between be­ings re­mote in the scale of nature. The slight­est ad­vant­age in cer­tain in­di­vidu­als, at any age or dur­ing any sea­son, over those with which they come in­to com­pet­i­tion, or bet­ter ad­apt­a­tion in how­ever slight a de­gree to the sur­round­ing phys­ic­al con­di­tions, will, in the long run, turn the bal­ance.

			With an­im­als hav­ing sep­ar­ated sexes, there will be in most cases a struggle between the males for the pos­ses­sion of the fe­males. The most vig­or­ous males, or those which have most suc­cess­fully struggled with their con­di­tions of life, will gen­er­ally leave most pro­geny. But suc­cess will of­ten de­pend on the males hav­ing spe­cial weapons or means of de­fence or charms; and a slight ad­vant­age will lead to vic­tory.

			As geo­logy plainly pro­claims that each land has un­der­gone great phys­ic­al changes, we might have ex­pec­ted to find that or­gan­ic be­ings have var­ied un­der nature, in the same way as they have var­ied un­der do­mest­ic­a­tion. And if there has been any vari­ab­il­ity un­der nature, it would be an un­ac­count­able fact if nat­ur­al se­lec­tion had not come in­to play. It has of­ten been as­ser­ted, but the as­ser­tion is in­cap­able of proof, that the amount of vari­ation un­der nature is a strictly lim­ited quant­ity. Man, though act­ing on ex­tern­al char­ac­ters alone and of­ten ca­pri­ciously, can pro­duce with­in a short peri­od a great res­ult by adding up mere in­di­vidu­al dif­fer­ences in his do­mest­ic pro­duc­tions; and every­one ad­mits that spe­cies present in­di­vidu­al dif­fer­ences. But, be­sides such dif­fer­ences, all nat­ur­al­ists ad­mit that nat­ur­al vari­et­ies ex­ist, which are con­sidered suf­fi­ciently dis­tinct to be worthy of re­cord in sys­tem­at­ic works. No one has drawn any clear dis­tinc­tion between in­di­vidu­al dif­fer­ences and slight vari­et­ies; or between more plainly marked vari­et­ies and sub­spe­cies and spe­cies. On sep­ar­ate con­tin­ents, and on dif­fer­ent parts of the same con­tin­ent, when di­vided by bar­ri­ers of any kind, and on outly­ing is­lands, what a mul­ti­tude of forms ex­ist, which some ex­per­i­enced nat­ur­al­ists rank as vari­et­ies, oth­ers as geo­graph­ic­al races or sub spe­cies, and oth­ers as dis­tinct, though closely al­lied spe­cies!

			If, then, an­im­als and plants do vary, let it be ever so slightly or slowly, why should not vari­ations or in­di­vidu­al dif­fer­ences, which are in any way be­ne­fi­cial, be pre­served and ac­cu­mu­lated through nat­ur­al se­lec­tion, or the sur­viv­al of the fit­test? If man can by pa­tience se­lect vari­ations use­ful to him, why, un­der chan­ging and com­plex con­di­tions of life, should not vari­ations use­ful to nature’s liv­ing products of­ten arise, and be pre­served or se­lec­ted? What lim­it can be put to this power, act­ing dur­ing long ages and ri­gidly scru­tin­ising the whole con­sti­tu­tion, struc­ture, and habits of each creature, fa­vour­ing the good and re­ject­ing the bad? I can see no lim­it to this power, in slowly and beau­ti­fully ad­apt­ing each form to the most com­plex re­la­tions of life. The the­ory of nat­ur­al se­lec­tion, even if we look no fur­ther than this, seems to be in the highest de­gree prob­able. I have already re­capit­u­lated, as fairly as I could, the op­posed dif­fi­culties and ob­jec­tions: now let us turn to the spe­cial facts and ar­gu­ments in fa­vour of the the­ory.

			

			On the view that spe­cies are only strongly marked and per­man­ent vari­et­ies, and that each spe­cies first ex­is­ted as a vari­ety, we can see why it is that no line of de­marc­a­tion can be drawn between spe­cies, com­monly sup­posed to have been pro­duced by spe­cial acts of cre­ation, and vari­et­ies which are ac­know­ledged to have been pro­duced by sec­ond­ary laws. On this same view we can un­der­stand how it is that in a re­gion where many spe­cies of a genus have been pro­duced, and where they now flour­ish, these same spe­cies should present many vari­et­ies; for where the man­u­fact­ory of spe­cies has been act­ive, we might ex­pect, as a gen­er­al rule, to find it still in ac­tion; and this is the case if vari­et­ies be in­cip­i­ent spe­cies. Moreover, the spe­cies of the lar­ger gen­era, which af­ford the great­er num­ber of vari­et­ies or in­cip­i­ent spe­cies, re­tain to a cer­tain de­gree the char­ac­ter of vari­et­ies; for they dif­fer from each oth­er by a less amount of dif­fer­ence than do the spe­cies of smal­ler gen­era. The closely al­lied spe­cies also of a lar­ger gen­era ap­par­ently have re­stric­ted ranges, and in their af­fin­it­ies they are clustered in little groups round oth­er spe­cies—in both re­spects re­sem­bling vari­et­ies. These are strange re­la­tions on the view that each spe­cies was in­de­pend­ently cre­ated, but are in­tel­li­gible if each ex­is­ted first as a vari­ety.

			As each spe­cies tends by its geo­met­ric­al rate of re­pro­duc­tion to in­crease in­or­din­ately in num­ber; and as the mod­i­fied des­cend­ants of each spe­cies will be en­abled to in­crease by as much as they be­come more di­ver­si­fied in habits and struc­ture, so as to be able to seize on many and widely dif­fer­ent places in the eco­nomy of nature, there will be a con­stant tend­ency in nat­ur­al se­lec­tion to pre­serve the most di­ver­gent off­spring of any one spe­cies. Hence dur­ing a long-con­tin­ued course of modi­fic­a­tion, the slight dif­fer­ences char­ac­ter­ist­ic of vari­et­ies of the same spe­cies, tend to be aug­men­ted in­to the great­er dif­fer­ences char­ac­ter­ist­ic of the spe­cies of the same genus. New and im­proved vari­et­ies will in­ev­it­ably sup­plant and ex­term­in­ate the older, less im­proved and in­ter­me­di­ate vari­et­ies; and thus spe­cies are rendered to a large ex­tent defined and dis­tinct ob­jects. Dom­in­ant spe­cies be­long­ing to the lar­ger groups with­in each class tend to give birth to new and dom­in­ant forms; so that each large group tends to be­come still lar­ger, and at the same time more di­ver­gent in char­ac­ter. But as all groups can­not thus go on in­creas­ing in size, for the world would not hold them, the more dom­in­ant groups beat the less dom­in­ant. This tend­ency in the large groups to go on in­creas­ing in size and di­ver­ging in char­ac­ter, to­geth­er with the in­ev­it­able con­tin­gency of much ex­tinc­tion, ex­plains the ar­range­ment of all the forms of life in groups sub­or­din­ate to groups, all with­in a few great classes, which has pre­vailed through­out all time. This grand fact of the group­ing of all or­gan­ic be­ings un­der what is called the Nat­ur­al Sys­tem, is ut­terly in­ex­plic­able on the the­ory of cre­ation.

			As nat­ur­al se­lec­tion acts solely by ac­cu­mu­lat­ing slight, suc­cess­ive, fa­vour­able vari­ations, it can pro­duce no great or sud­den modi­fic­a­tions; it can act only by short and slow steps. Hence, the can­on of “Natura non fa­cit saltum,” which every fresh ad­di­tion to our know­ledge tends to con­firm, is on this the­ory in­tel­li­gible. We can see why through­out nature the same gen­er­al end is gained by an al­most in­fin­ite di­versity of means, for every pe­cu­li­ar­ity when once ac­quired is long in­her­ited, and struc­tures already mod­i­fied in many dif­fer­ent ways have to be ad­ap­ted for the same gen­er­al pur­pose. We can, in short, see why nature is prod­ig­al in vari­ety, though nig­gard in in­nov­a­tion. But why this should be a law of nature if each spe­cies has been in­de­pend­ently cre­ated no man can ex­plain.

			Many oth­er facts are, as it seems to me, ex­plic­able on this the­ory. How strange it is that a bird, un­der the form of a wood­peck­er, should prey on in­sects on the ground; that up­land geese, which rarely or nev­er swim, would pos­sess webbed feet; that a thrush-like bird should dive and feed on sub­aquat­ic in­sects; and that a pet­rel should have the habits and struc­ture fit­ting it for the life of an auk! and so in end­less oth­er cases. But on the view of each spe­cies con­stantly try­ing to in­crease in num­ber, with nat­ur­al se­lec­tion al­ways ready to ad­apt the slowly vary­ing des­cend­ants of each to any un­oc­cu­pied or ill-oc­cu­pied place in nature, these facts cease to be strange, or might even have been an­ti­cip­ated.

			We can to a cer­tain ex­tent un­der­stand how it is that there is so much beauty through­out nature; for this may be largely at­trib­uted to the agency of se­lec­tion. That beauty, ac­cord­ing to our sense of it, is not uni­ver­sal, must be ad­mit­ted by every­one who will look at some venom­ous snakes, at some fishes, and at cer­tain hideous bats with a dis­tor­ted re­semb­lance to the hu­man face. Sexu­al se­lec­tion has giv­en the most bril­liant col­ours, el­eg­ant pat­terns, and oth­er or­na­ments to the males, and some­times to both sexes of many birds, but­ter­flies and oth­er an­im­als. With birds it has of­ten rendered the voice of the male mu­sic­al to the fe­male, as well as to our ears. Flowers and fruit have been rendered con­spicu­ous by bril­liant col­ours in con­trast with the green fo­liage, in or­der that the flowers may be eas­ily seen, vis­ited and fer­til­ised by in­sects, and the seeds dis­sem­in­ated by birds. How it comes that cer­tain col­ours, sounds and forms should give pleas­ure to man and the lower an­im­als, that is, how the sense of beauty in its simplest form was first ac­quired, we do not know any more than how cer­tain odours and fla­vours were first rendered agree­able.

			As nat­ur­al se­lec­tion acts by com­pet­i­tion, it ad­apts and im­proves the in­hab­it­ants of each coun­try only in re­la­tion to their co-in­hab­it­ants; so that we need feel no sur­prise at the spe­cies of any one coun­try, al­though on the or­din­ary view sup­posed to have been cre­ated and spe­cially ad­ap­ted for that coun­try, be­ing beaten and sup­planted by the nat­ur­al­ised pro­duc­tions from an­oth­er land. Nor ought we to mar­vel if all the con­triv­ances in nature be not, as far as we can judge, ab­so­lutely per­fect; as in the case even of the hu­man eye; or if some of them be ab­hor­rent to our ideas of fit­ness. We need not mar­vel at the sting of the bee, when used against the en­emy, caus­ing the bee’s own death; at drones be­ing pro­duced in such great num­bers for one single act, and be­ing then slaughtered by their sterile sis­ters; at the as­ton­ish­ing waste of pol­len by our fir-trees; at the in­stinct­ive hatred of the queen-bee for her own fer­tile daugh­ters; at ich­neu­monid­ae feed­ing with­in the liv­ing bod­ies of cater­pil­lars; and at oth­er such cases. The won­der, in­deed, is, on the the­ory of nat­ur­al se­lec­tion, that more cases of the want of ab­so­lute per­fec­tion have not been de­tec­ted.

			The com­plex and little known laws gov­ern­ing the pro­duc­tion of vari­et­ies are the same, as far as we can judge, with the laws which have gov­erned the pro­duc­tion of dis­tinct spe­cies. In both cases phys­ic­al con­di­tions seem to have pro­duced some dir­ect and def­in­ite ef­fect, but how much we can­not say. Thus, when vari­et­ies enter any new sta­tion, they oc­ca­sion­ally as­sume some of the char­ac­ters prop­er to the spe­cies of that sta­tion. With both vari­et­ies and spe­cies, use and dis­use seem to have pro­duced a con­sid­er­able ef­fect; for it is im­possible to res­ist this con­clu­sion when we look, for in­stance, at the log­ger-headed duck, which has wings in­cap­able of flight, in nearly the same con­di­tion as in the do­mest­ic duck; or when we look at the bur­row­ing tucu-tucu, which is oc­ca­sion­ally blind, and then at cer­tain moles, which are ha­bitu­ally blind and have their eyes covered with skin; or when we look at the blind an­im­als in­hab­it­ing the dark caves of Amer­ica and Europe. With vari­et­ies and spe­cies, cor­rel­ated vari­ation seems to have played an im­port­ant part, so that when one part has been mod­i­fied oth­er parts have been ne­ces­sar­ily mod­i­fied. With both vari­et­ies and spe­cies, re­ver­sions to long-lost char­ac­ters oc­ca­sion­ally oc­cur. How in­ex­plic­able on the the­ory of cre­ation is the oc­ca­sion­al ap­pear­ance of stripes on the shoulders and legs of the sev­er­al spe­cies of the horse-genus and of their hy­brids! How simply is this fact ex­plained if we be­lieve that these spe­cies are all des­cen­ded from a striped pro­gen­it­or, in the same man­ner as the sev­er­al do­mest­ic breeds of the pi­geon are des­cen­ded from the blue and barred rock-pi­geon!

			On the or­din­ary view of each spe­cies hav­ing been in­de­pend­ently cre­ated, why should spe­cif­ic char­ac­ters, or those by which the spe­cies of the same genus dif­fer from each oth­er, be more vari­able than the gen­er­ic char­ac­ters in which they all agree? Why, for in­stance, should the col­our of a flower be more likely to vary in any one spe­cies of a genus, if the oth­er spe­cies pos­sess dif­fer­ently col­oured flowers, than if all pos­sessed the same col­oured flowers? If spe­cies are only well-marked vari­et­ies, of which the char­ac­ters have be­come in a high de­gree per­man­ent, we can un­der­stand this fact; for they have already var­ied since they branched off from a com­mon pro­gen­it­or in cer­tain char­ac­ters, by which they have come to be spe­cific­ally dis­tinct from each oth­er; there­fore these same char­ac­ters would be more likely again to vary than the gen­er­ic char­ac­ters which have been in­her­ited without change for an im­mense peri­od. It is in­ex­plic­able on the the­ory of cre­ation why a part de­veloped in a very un­usu­al man­ner in one spe­cies alone of a genus, and there­fore, as we may nat­ur­ally in­fer, of great im­port­ance to that spe­cies, should be em­in­ently li­able to vari­ation; but, on our view, this part has un­der­gone, since the sev­er­al spe­cies branched off from a com­mon pro­gen­it­or, an un­usu­al amount of vari­ab­il­ity and modi­fic­a­tion, and there­fore we might ex­pect the part gen­er­ally to be still vari­able. But a part may be de­veloped in the most un­usu­al man­ner, like the wing of a bat, and yet not be more vari­able than any oth­er struc­ture, if the part be com­mon to many sub­or­din­ate forms, that is, if it has been in­her­ited for a very long peri­od; for in this case it will have been rendered con­stant by long-con­tin­ued nat­ur­al se­lec­tion.

			Glan­cing at in­stincts, mar­vel­lous as some are, they of­fer no great­er dif­fi­culty than do cor­por­eal struc­tures on the the­ory of the nat­ur­al se­lec­tion of suc­cess­ive, slight, but prof­it­able modi­fic­a­tions. We can thus un­der­stand why nature moves by gradu­ated steps in en­dow­ing dif­fer­ent an­im­als of the same class with their sev­er­al in­stincts. I have at­temp­ted to show how much light the prin­ciple of grad­a­tion throws on the ad­mir­able ar­chi­tec­tur­al powers of the hive-bee. Habit no doubt of­ten comes in­to play in modi­fy­ing in­stincts; but it cer­tainly is not in­dis­pens­able, as we see in the case of neu­ter in­sects, which leave no pro­geny to in­her­it the ef­fects of long-con­tin­ued habit. On the view of all the spe­cies of the same genus hav­ing des­cen­ded from a com­mon par­ent, and hav­ing in­her­ited much in com­mon, we can un­der­stand how it is that al­lied spe­cies, when placed un­der widely dif­fer­ent con­di­tions of life, yet fol­low nearly the same in­stincts; why the thrushes of trop­ic­al and tem­per­ate South Amer­ica, for in­stance, line their nests with mud like our Brit­ish spe­cies. On the view of in­stincts hav­ing been slowly ac­quired through nat­ur­al se­lec­tion, we need not mar­vel at some in­stincts be­ing not per­fect and li­able to mis­takes, and at many in­stincts caus­ing oth­er an­im­als to suf­fer.

			If spe­cies be only well-marked and per­man­ent vari­et­ies, we can at once see why their crossed off­spring should fol­low the same com­plex laws in their de­grees and kinds of re­semb­lance to their par­ents—in be­ing ab­sorbed in­to each oth­er by suc­cess­ive crosses, and in oth­er such points—as do the crossed off­spring of ac­know­ledged vari­et­ies. This sim­il­ar­ity would be a strange fact, if spe­cies had been in­de­pend­ently cre­ated and vari­et­ies had been pro­duced through sec­ond­ary laws.

			If we ad­mit that the geo­lo­gic­al re­cord is im­per­fect to an ex­treme de­gree, then the facts, which the re­cord does give, strongly sup­port the the­ory of des­cent with modi­fic­a­tion. New spe­cies have come on the stage slowly and at suc­cess­ive in­ter­vals; and the amount of change after equal in­ter­vals of time, is widely dif­fer­ent in dif­fer­ent groups. The ex­tinc­tion of spe­cies and of whole groups of spe­cies, which has played so con­spicu­ous a part in the his­tory of the or­gan­ic world, al­most in­ev­it­ably fol­lows from the prin­ciple of nat­ur­al se­lec­tion; for old forms are sup­planted by new and im­proved forms. Neither single spe­cies nor groups of spe­cies re­appear when the chain of or­din­ary gen­er­a­tion is once broken. The gradu­al dif­fu­sion of dom­in­ant forms, with the slow modi­fic­a­tion of their des­cend­ants, causes the forms of life, after long in­ter­vals of time, to ap­pear as if they had changed sim­ul­tan­eously through­out the world. The fact of the fossil re­mains of each form­a­tion be­ing in some de­gree in­ter­me­di­ate in char­ac­ter between the fossils in the form­a­tions above and be­low, is simply ex­plained by their in­ter­me­di­ate po­s­i­tion in the chain of des­cent. The grand fact that all ex­tinct be­ings can be classed with all re­cent be­ings, nat­ur­ally fol­lows from the liv­ing and the ex­tinct be­ing the off­spring of com­mon par­ents. As spe­cies have gen­er­ally di­verged in char­ac­ter dur­ing their long course of des­cent and modi­fic­a­tion, we can un­der­stand why it is that the more an­cient forms, or early pro­gen­it­ors of each group, so of­ten oc­cupy a po­s­i­tion in some de­gree in­ter­me­di­ate between ex­ist­ing groups. Re­cent forms are gen­er­ally looked upon as be­ing, on the whole, high­er in the scale of or­gan­isa­tion than an­cient forms; and they must be high­er, in so far as the later and more im­proved forms have conquered the older and less im­proved forms in the struggle for life; they have also gen­er­ally had their or­gans more spe­cial­ised for dif­fer­ent func­tions. This fact is per­fectly com­pat­ible with nu­mer­ous be­ings still re­tain­ing simple and but little im­proved struc­tures, fit­ted for simple con­di­tions of life; it is like­wise com­pat­ible with some forms hav­ing ret­ro­graded in or­gan­isa­tion, by hav­ing be­come at each stage of des­cent bet­ter fit­ted for new and de­graded habits of life. Lastly, the won­der­ful law of the long en­dur­ance of al­lied forms on the same con­tin­ent—of mar­supi­als in Aus­tralia, of edentata in Amer­ica, and oth­er such cases—is in­tel­li­gible, for with­in the same coun­try the ex­ist­ing and the ex­tinct will be closely al­lied by des­cent.

			Look­ing to geo­graph­ic­al dis­tri­bu­tion, if we ad­mit that there has been dur­ing the long course of ages much mi­gra­tion from one part of the world to an­oth­er, ow­ing to former cli­mat­ic­al and geo­graph­ic­al changes and to the many oc­ca­sion­al and un­known means of dis­pers­al, then we can un­der­stand, on the the­ory of des­cent with modi­fic­a­tion, most of the great lead­ing facts in dis­tri­bu­tion. We can see why there should be so strik­ing a par­al­lel­ism in the dis­tri­bu­tion of or­gan­ic be­ings through­out space, and in their geo­lo­gic­al suc­ces­sion through­out time; for in both cases the be­ings have been con­nec­ted by the bond of or­din­ary gen­er­a­tion, and the means of modi­fic­a­tion have been the same. We see the full mean­ing of the won­der­ful fact, which has struck every trav­el­ler, namely, that on the same con­tin­ent, un­der the most di­verse con­di­tions, un­der heat and cold, on moun­tain and low­land, on deserts and marshes, most of the in­hab­it­ants with­in each great class are plainly re­lated; for they are the des­cend­ants of the same pro­gen­it­ors and early col­on­ists. On this same prin­ciple of former mi­gra­tion, com­bined in most cases with modi­fic­a­tion, we can un­der­stand, by the aid of the Gla­cial peri­od, the iden­tity of some few plants, and the close al­li­ance of many oth­ers, on the most dis­tant moun­tains, and in the north­ern and south­ern tem­per­ate zones; and like­wise the close al­li­ance of some of the in­hab­it­ants of the sea in the north­ern and south­ern tem­per­ate lat­it­udes, though sep­ar­ated by the whole in­ter­trop­ic­al ocean. Al­though two coun­tries may present phys­ic­al con­di­tions as closely sim­il­ar as the same spe­cies ever re­quire, we need feel no sur­prise at their in­hab­it­ants be­ing widely dif­fer­ent, if they have been for a long peri­od com­pletely sundered from each oth­er; for as the re­la­tion of or­gan­ism to or­gan­ism is the most im­port­ant of all re­la­tions, and as the two coun­tries will have re­ceived col­on­ists at vari­ous peri­ods and in dif­fer­ent pro­por­tions, from some oth­er coun­try or from each oth­er, the course of modi­fic­a­tion in the two areas will in­ev­it­ably have been dif­fer­ent.

			On this view of mi­gra­tion, with sub­sequent modi­fic­a­tion, we see why ocean­ic is­lands are in­hab­ited by only few spe­cies, but of these, why many are pe­cu­li­ar or en­dem­ic forms. We clearly see why spe­cies be­long­ing to those groups of an­im­als which can­not cross wide spaces of the ocean, as frogs and ter­restri­al mam­mals, do not in­hab­it ocean­ic is­lands; and why, on the oth­er hand, new and pe­cu­li­ar spe­cies of bats, an­im­als which can tra­verse the ocean, are of­ten found on is­lands far dis­tant from any con­tin­ent. Such cases as the pres­ence of pe­cu­li­ar spe­cies of bats on ocean­ic is­lands and the ab­sence of all oth­er ter­restri­al mam­mals, are facts ut­terly in­ex­plic­able on the the­ory of in­de­pend­ent acts of cre­ation.

			The ex­ist­ence of closely al­lied rep­res­ent­at­ive spe­cies in any two areas, im­plies, on the the­ory of des­cent with modi­fic­a­tion, that the same par­ent-forms formerly in­hab­ited both areas; and we al­most in­vari­ably find that wherever many closely al­lied spe­cies in­hab­it two areas, some identic­al spe­cies are still com­mon to both. Wherever many closely al­lied yet dis­tinct spe­cies oc­cur, doubt­ful forms and vari­et­ies be­long­ing to the same groups like­wise oc­cur. It is a rule of high gen­er­al­ity that the in­hab­it­ants of each area are re­lated to the in­hab­it­ants of the nearest source whence im­mig­rants might have been de­rived. We see this in the strik­ing re­la­tion of nearly all the plants and an­im­als of the Galapa­gos Ar­chipelago, of Juan Fernan­dez, and of the oth­er Amer­ic­an is­lands, to the plants and an­im­als of the neigh­bour­ing Amer­ic­an main­land; and of those of the Cape de Verde Ar­chipelago, and of the oth­er Afric­an is­lands to the Afric­an main­land. It must be ad­mit­ted that these facts re­ceive no ex­plan­a­tion on the the­ory of cre­ation.

			The fact, as we have seen, that all past and present or­gan­ic be­ings can be ar­ranged with­in a few great classes, in groups sub­or­din­ate to groups, and with the ex­tinct groups of­ten fall­ing in between the re­cent groups, is in­tel­li­gible on the the­ory of nat­ur­al se­lec­tion with its con­tin­gen­cies of ex­tinc­tion and di­ver­gence of char­ac­ter. On these same prin­ciples we see how it is that the mu­tu­al af­fin­it­ies of the forms with­in each class are so com­plex and cir­cuit­ous. We see why cer­tain char­ac­ters are far more ser­vice­able than oth­ers for clas­si­fic­a­tion; why ad­apt­ive char­ac­ters, though of para­mount im­port­ance to the be­ings, are of hardly any im­port­ance in clas­si­fic­a­tion; why char­ac­ters de­rived from rudi­ment­ary parts, though of no ser­vice to the be­ings, are of­ten of high clas­si­fic­at­ory value; and why em­bry­olo­gic­al char­ac­ters are of­ten the most valu­able of all. The real af­fin­it­ies of all or­gan­ic be­ings, in con­tra­dis­tinc­tion to their ad­apt­ive re­semb­lances, are due to in­her­it­ance or com­munity of des­cent. The Nat­ur­al Sys­tem is a gene­a­lo­gic­al ar­range­ment, with the ac­quired grades of dif­fer­ence, marked by the terms, vari­et­ies, spe­cies, gen­era, fam­il­ies, etc.; and we have to dis­cov­er the lines of des­cent by the most per­man­ent char­ac­ters, whatever they may be, and of how­ever slight vi­tal im­port­ance.

			The sim­il­ar frame­work of bones in the hand of a man, wing of a bat, fin of the por­poise, and leg of the horse—the same num­ber of ver­teb­rae form­ing the neck of the gir­affe and of the ele­phant—and in­nu­mer­able oth­er such facts, at once ex­plain them­selves on the the­ory of des­cent with slow and slight suc­cess­ive modi­fic­a­tions. The sim­il­ar­ity of pat­tern in the wing and in the leg of a bat, though used for such dif­fer­ent pur­pose—in the jaws and legs of a crab—in the petals, sta­mens, and pis­tils of a flower, is like­wise, to a large ex­tent, in­tel­li­gible on the view of the gradu­al modi­fic­a­tion of parts or or­gans, which were ab­ori­gin­ally alike in an early pro­gen­it­or in each of these classes. On the prin­ciple of suc­cess­ive vari­ations not al­ways su­per­ven­ing at an early age, and be­ing in­her­ited at a cor­res­pond­ing not early peri­od of life, we clearly see why the em­bry­os of mam­mals, birds, rep­tiles, and fishes should be so closely sim­il­ar, and so un­like the adult forms. We may cease mar­vel­ling at the em­bryo of an air-breath­ing mam­mal or bird hav­ing bran­chi­al slits and ar­ter­ies run­ning in loops, like those of a fish which has to breathe the air dis­solved in wa­ter by the aid of well-de­veloped bran­chi­ae.

			Dis­use, aided some­times by nat­ur­al se­lec­tion, will of­ten have re­duced or­gans when rendered use­less un­der changed habits or con­di­tions of life; and we can un­der­stand on this view the mean­ing of rudi­ment­ary or­gans. But dis­use and se­lec­tion will gen­er­ally act on each creature, when it has come to ma­tur­ity and has to play its full part in the struggle for ex­ist­ence, and will thus have little power on an or­gan dur­ing early life; hence the or­gan will not be re­duced or rendered rudi­ment­ary at this early age. The calf, for in­stance, has in­her­ited teeth, which nev­er cut through the gums of the up­per jaw, from an early pro­gen­it­or hav­ing well-de­veloped teeth; and we may be­lieve, that the teeth in the ma­ture an­im­al were formerly re­duced by dis­use ow­ing to the tongue and pal­ate, or lips, hav­ing be­come ex­cel­lently fit­ted through nat­ur­al se­lec­tion to browse without their aid; where­as in the calf, the teeth have been left un­af­fected, and on the prin­ciple of in­her­it­ance at cor­res­pond­ing ages have been in­her­ited from a re­mote peri­od to the present day. On the view of each or­gan­ism with all its sep­ar­ate parts hav­ing been spe­cially cre­ated, how ut­terly in­ex­plic­able is it that or­gans bear­ing the plain stamp of inutil­ity, such as the teeth in the em­bryon­ic calf or the shriv­elled wings un­der the soldered wing-cov­ers of many beetles, should so fre­quently oc­cur. Nature may be said to have taken pains to re­veal her scheme of modi­fic­a­tion, by means of rudi­ment­ary or­gans, of em­bry­olo­gic­al and ho­mo­log­ous struc­tures, but we are too blind to un­der­stand her mean­ing.

			I have now re­capit­u­lated the facts and con­sid­er­a­tions which have thor­oughly con­vinced me that spe­cies have been mod­i­fied, dur­ing a long course of des­cent. This has been ef­fected chiefly through the nat­ur­al se­lec­tion of nu­mer­ous suc­cess­ive, slight, fa­vour­able vari­ations; aided in an im­port­ant man­ner by the in­her­ited ef­fects of the use and dis­use of parts; and in an un­im­port­ant man­ner, that is, in re­la­tion to ad­apt­ive struc­tures, wheth­er past or present, by the dir­ect ac­tion of ex­tern­al con­di­tions, and by vari­ations which seem to us in our ig­nor­ance to arise spon­tan­eously. It ap­pears that I formerly un­der­rated the fre­quency and value of these lat­ter forms of vari­ation, as lead­ing to per­man­ent modi­fic­a­tions of struc­ture in­de­pend­ently of nat­ur­al se­lec­tion. But as my con­clu­sions have lately been much mis­rep­res­en­ted, and it has been stated that I at­trib­ute the modi­fic­a­tion of spe­cies ex­clus­ively to nat­ur­al se­lec­tion, I may be per­mit­ted to re­mark that in the first edi­tion of this work, and sub­sequently, I placed in a most con­spicu­ous po­s­i­tion—namely, at the close of the In­tro­duc­tion—the fol­low­ing words: “I am con­vinced that nat­ur­al se­lec­tion has been the main but not the ex­clus­ive means of modi­fic­a­tion.” This has been of no avail. Great is the power of steady mis­rep­res­ent­a­tion; but the his­tory of sci­ence shows that for­tu­nately this power does not long en­dure.

			It can hardly be sup­posed that a false the­ory would ex­plain, in so sat­is­fact­ory a man­ner as does the the­ory of nat­ur­al se­lec­tion, the sev­er­al large classes of facts above spe­cified. It has re­cently been ob­jec­ted that this is an un­safe meth­od of ar­guing; but it is a meth­od used in judging of the com­mon events of life, and has of­ten been used by the greatest nat­ur­al philo­soph­ers. The un­du­lat­ory the­ory of light has thus been ar­rived at; and the be­lief in the re­volu­tion of the earth on its own ax­is was un­til lately sup­por­ted by hardly any dir­ect evid­ence. It is no val­id ob­jec­tion that sci­ence as yet throws no light on the far high­er prob­lem of the es­sence or ori­gin of life. Who can ex­plain what is the es­sence of the at­trac­tion of grav­ity? No one now ob­jects to fol­low­ing out the res­ults con­sequent on this un­known ele­ment of at­trac­tion; not­with­stand­ing that Leib­n­itz formerly ac­cused New­ton of in­tro­du­cing “oc­cult qual­it­ies and mir­acles in­to philo­sophy.”

			I see no good reas­ons why the views giv­en in this volume should shock the re­li­gious feel­ings of any­one. It is sat­is­fact­ory, as show­ing how tran­si­ent such im­pres­sions are, to re­mem­ber that the greatest dis­cov­ery ever made by man, namely, the law of the at­trac­tion of grav­ity, was also at­tacked by Leib­n­itz, “as sub­vers­ive of nat­ur­al, and in­fer­en­tially of re­vealed, re­li­gion.” A cel­eb­rated au­thor and di­vine has writ­ten to me that “he has gradu­ally learned to see that it is just as noble a con­cep­tion of the Deity to be­lieve that He cre­ated a few ori­gin­al forms cap­able of self-de­vel­op­ment in­to oth­er and need­ful forms, as to be­lieve that He re­quired a fresh act of cre­ation to sup­ply the voids caused by the ac­tion of His laws.”

			Why, it may be asked, un­til re­cently did nearly all the most em­in­ent liv­ing nat­ur­al­ists and geo­lo­gists dis­be­lieve in the mut­ab­il­ity of spe­cies? It can­not be as­ser­ted that or­gan­ic be­ings in a state of nature are sub­ject to no vari­ation; it can­not be proved that the amount of vari­ation in the course of long ages is a lim­ited quant­ity; no clear dis­tinc­tion has been, or can be, drawn between spe­cies and well-marked vari­et­ies. It can­not be main­tained that spe­cies when in­ter­crossed are in­vari­ably sterile and vari­et­ies in­vari­ably fer­tile; or that ster­il­ity is a spe­cial en­dow­ment and sign of cre­ation. The be­lief that spe­cies were im­mut­able pro­duc­tions was al­most un­avoid­able as long as the his­tory of the world was thought to be of short dur­a­tion; and now that we have ac­quired some idea of the lapse of time, we are too apt to as­sume, without proof, that the geo­lo­gic­al re­cord is so per­fect that it would have af­forded us plain evid­ence of the muta­tion of spe­cies, if they had un­der­gone muta­tion.

			But the chief cause of our nat­ur­al un­will­ing­ness to ad­mit that one spe­cies has giv­en birth to oth­er and dis­tinct spe­cies, is that we are al­ways slow in ad­mit­ting any great changes of which we do not see the steps. The dif­fi­culty is the same as that felt by so many geo­lo­gists, when Lyell first in­sisted that long lines of in­land cliffs had been formed, and great val­leys ex­cav­ated, by the agen­cies which we still see at work. The mind can­not pos­sibly grasp the full mean­ing of the term of even a mil­lion years; it can­not add up and per­ceive the full ef­fects of many slight vari­ations, ac­cu­mu­lated dur­ing an al­most in­fin­ite num­ber of gen­er­a­tions.

			Al­though I am fully con­vinced of the truth of the views giv­en in this volume un­der the form of an ab­stract, I by no means ex­pect to con­vince ex­per­i­enced nat­ur­al­ists whose minds are stocked with a mul­ti­tude of facts all viewed, dur­ing a long course of years, from a point of view dir­ectly op­pos­ite to mine. It is so easy to hide our ig­nor­ance un­der such ex­pres­sions as the “plan of cre­ation,” “unity of design,” etc., and to think that we give an ex­plan­a­tion when we only re­state a fact. Any­one whose dis­pos­i­tion leads him to at­tach more weight to un­ex­plained dif­fi­culties than to the ex­plan­a­tion of a cer­tain num­ber of facts will cer­tainly re­ject the the­ory. A few nat­ur­al­ists, en­dowed with much flex­ib­il­ity of mind, and who have already be­gun to doubt the im­mut­ab­il­ity of spe­cies, may be in­flu­enced by this volume; but I look with con­fid­ence to the fu­ture, to young and rising nat­ur­al­ists, who will be able to view both sides of the ques­tion with im­par­ti­al­ity. Who­ever is led to be­lieve that spe­cies are mut­able will do good ser­vice by con­scien­tiously ex­press­ing his con­vic­tion; for thus only can the load of pre­ju­dice by which this sub­ject is over­whelmed be re­moved.

			Sev­er­al em­in­ent nat­ur­al­ists have of late pub­lished their be­lief that a mul­ti­tude of re­puted spe­cies in each genus are not real spe­cies; but that oth­er spe­cies are real, that is, have been in­de­pend­ently cre­ated. This seems to me a strange con­clu­sion to ar­rive at. They ad­mit that a mul­ti­tude of forms, which till lately they them­selves thought were spe­cial cre­ations, and which are still thus looked at by the ma­jor­ity of nat­ur­al­ists, and which con­sequently have all the ex­tern­al char­ac­ter­ist­ic fea­tures of true spe­cies—they ad­mit that these have been pro­duced by vari­ation, but they re­fuse to ex­tend the same view to oth­er and slightly dif­fer­ent forms. Nev­er­the­less, they do not pre­tend that they can define, or even con­jec­ture, which are the cre­ated forms of life, and which are those pro­duced by sec­ond­ary laws. They ad­mit vari­ation as a vera causa in one case, they ar­bit­rar­ily re­ject it in an­oth­er, without as­sign­ing any dis­tinc­tion in the two cases. The day will come when this will be giv­en as a curi­ous il­lus­tra­tion of the blind­ness of pre­con­ceived opin­ion. These au­thors seem no more startled at a mi­ra­cu­lous act of cre­ation than at an or­din­ary birth. But do they really be­lieve that at in­nu­mer­able peri­ods in the earth’s his­tory cer­tain ele­ment­al atoms have been com­manded sud­denly to flash in­to liv­ing tis­sues? Do they be­lieve that at each sup­posed act of cre­ation one in­di­vidu­al or many were pro­duced? Were all the in­fin­itely nu­mer­ous kinds of an­im­als and plants cre­ated as eggs or seed, or as full grown? and in the case of mam­mals, were they cre­ated bear­ing the false marks of nour­ish­ment from the moth­er’s womb? Un­doubtedly some of these same ques­tions can­not be answered by those who be­lieve in the ap­pear­ance or cre­ation of only a few forms of life or of some one form alone. It has been main­tained by sev­er­al au­thors that it is as easy to be­lieve in the cre­ation of a mil­lion be­ings as of one; but Mauper­tuis’ philo­soph­ic­al ax­iom “of least ac­tion” leads the mind more will­ingly to ad­mit the smal­ler num­ber; and cer­tainly we ought not to be­lieve that in­nu­mer­able be­ings with­in each great class have been cre­ated with plain, but de­cept­ive, marks of des­cent from a single par­ent.

			As a re­cord of a former state of things, I have re­tained in the fore­go­ing para­graphs, and else­where, sev­er­al sen­tences which im­ply that nat­ur­al­ists be­lieve in the sep­ar­ate cre­ation of each spe­cies; and I have been much cen­sured for hav­ing thus ex­pressed my­self. But un­doubtedly this was the gen­er­al be­lief when the first edi­tion of the present work ap­peared. I formerly spoke to very many nat­ur­al­ists on the sub­ject of evol­u­tion, and nev­er once met with any sym­path­et­ic agree­ment. It is prob­able that some did then be­lieve in evol­u­tion, but they were either si­lent or ex­pressed them­selves so am­bigu­ously that it was not easy to un­der­stand their mean­ing. Now, things are wholly changed, and al­most every nat­ur­al­ist ad­mits the great prin­ciple of evol­u­tion. There are, how­ever, some who still think that spe­cies have sud­denly giv­en birth, through quite un­ex­plained means, to new and totally dif­fer­ent forms. But, as I have at­temp­ted to show, weighty evid­ence can be op­posed to the ad­mis­sion of great and ab­rupt modi­fic­a­tions. Un­der a sci­entif­ic point of view, and as lead­ing to fur­ther in­vest­ig­a­tion, but little ad­vant­age is gained by be­liev­ing that new forms are sud­denly de­veloped in an in­ex­plic­able man­ner from old and widely dif­fer­ent forms, over the old be­lief in the cre­ation of spe­cies from the dust of the earth.

			It may be asked how far I ex­tend the doc­trine of the modi­fic­a­tion of spe­cies. The ques­tion is dif­fi­cult to an­swer, be­cause the more dis­tinct the forms are which we con­sider, by so much the ar­gu­ments in fa­vour of com­munity of des­cent be­come few­er in num­ber and less in force. But some ar­gu­ments of the greatest weight ex­tend very far. All the mem­bers of whole classes are con­nec­ted to­geth­er by a chain of af­fin­it­ies, and all can be classed on the same prin­ciple, in groups sub­or­din­ate to groups. Fossil re­mains some­times tend to fill up very wide in­ter­vals between ex­ist­ing or­ders.

			Or­gans in a rudi­ment­ary con­di­tion plainly show that an early pro­gen­it­or had the or­gan in a fully de­veloped con­di­tion, and this in some cases im­plies an enorm­ous amount of modi­fic­a­tion in the des­cend­ants. Through­out whole classes vari­ous struc­tures are formed on the same pat­tern, and at a very early age the em­bry­os closely re­semble each oth­er. There­fore I can­not doubt that the the­ory of des­cent with modi­fic­a­tion em­braces all the mem­bers of the same great class or king­dom. I be­lieve that an­im­als are des­cen­ded from at most only four or five pro­gen­it­ors, and plants from an equal or less­er num­ber.

			Ana­logy would lead me one step fur­ther, namely, to the be­lief that all an­im­als and plants are des­cen­ded from some one pro­to­type. But ana­logy may be a de­ceit­ful guide. Nev­er­the­less all liv­ing things have much in com­mon, in their chem­ic­al com­pos­i­tion, their cel­lu­lar struc­ture, their laws of growth, and their li­ab­il­ity to in­jur­i­ous in­flu­ences. We see this even in so tri­fling a fact as that the same pois­on of­ten sim­il­arly af­fects plants and an­im­als; or that the pois­on secreted by the gall­fly pro­duces mon­strous growths on the wild rose or oak-tree. With all or­gan­ic be­ings, ex­cept­ing per­haps some of the very low­est, sexu­al re­pro­duc­tion seems to be es­sen­tially sim­il­ar. With all, as far as is at present known, the ger­min­al ves­icle is the same; so that all or­gan­isms start from a com­mon ori­gin. If we look even to the two main di­vi­sions—namely, to the an­im­al and ve­get­able king­doms—cer­tain low forms are so far in­ter­me­di­ate in char­ac­ter that nat­ur­al­ists have dis­puted to which king­dom they should be re­ferred. As Pro­fess­or Asa Gray has re­marked, “the spores and oth­er re­pro­duct­ive bod­ies of many of the lower al­gae may claim to have first a char­ac­ter­ist­ic­ally an­im­al, and then an un­equi­voc­ally ve­get­able ex­ist­ence.” There­fore, on the prin­ciple of nat­ur­al se­lec­tion with di­ver­gence of char­ac­ter, it does not seem in­cred­ible that, from some such low and in­ter­me­di­ate form, both an­im­als and plants may have been de­veloped; and, if we ad­mit this, we must like­wise ad­mit that all the or­gan­ic be­ings which have ever lived on this earth may be des­cen­ded from some one prim­or­di­al form. But this in­fer­ence is chiefly groun­ded on ana­logy, and it is im­ma­ter­i­al wheth­er or not it be ac­cep­ted. No doubt it is pos­sible, as Mr. G. H. Lewes has urged, that at the first com­mence­ment of life many dif­fer­ent forms were evolved; but if so, we may con­clude that only a very few have left mod­i­fied des­cend­ants. For, as I have re­cently re­marked in re­gard to the mem­bers of each great king­dom, such as the Ver­teb­rata, Ar­tic­u­lata, etc., we have dis­tinct evid­ence in their em­bry­olo­gic­al, ho­mo­log­ous, and rudi­ment­ary struc­tures, that with­in each king­dom all the mem­bers are des­cen­ded from a single pro­gen­it­or.

			When the views ad­vanced by me in this volume, and by Mr. Wal­lace or when ana­log­ous views on the ori­gin of spe­cies are gen­er­ally ad­mit­ted, we can dimly fore­see that there will be a con­sid­er­able re­volu­tion in nat­ur­al his­tory. Sys­tem­at­ists will be able to pur­sue their la­bours as at present; but they will not be in­cess­antly haunted by the shad­owy doubt wheth­er this or that form be a true spe­cies. This, I feel sure and I speak after ex­per­i­ence, will be no slight re­lief. The end­less dis­putes wheth­er or not some fifty spe­cies of Brit­ish brambles are good spe­cies will cease. Sys­tem­at­ists will have only to de­cide (not that this will be easy) wheth­er any form be suf­fi­ciently con­stant and dis­tinct from oth­er forms, to be cap­able of defin­i­tion; and if defin­able, wheth­er the dif­fer­ences be suf­fi­ciently im­port­ant to de­serve a spe­cif­ic name. This lat­ter point will be­come a far more es­sen­tial con­sid­er­a­tion than it is at present; for dif­fer­ences, how­ever slight, between any two forms, if not blen­ded by in­ter­me­di­ate grad­a­tions, are looked at by most nat­ur­al­ists as suf­fi­cient to raise both forms to the rank of spe­cies.

			Here­after we shall be com­pelled to ac­know­ledge that the only dis­tinc­tion between spe­cies and well-marked vari­et­ies is, that the lat­ter are known, or be­lieved to be con­nec­ted at the present day by in­ter­me­di­ate grad­a­tions, where­as spe­cies were formerly thus con­nec­ted. Hence, without re­ject­ing the con­sid­er­a­tion of the present ex­ist­ence of in­ter­me­di­ate grad­a­tions between any two forms, we shall be led to weigh more care­fully and to value high­er the ac­tu­al amount of dif­fer­ence between them. It is quite pos­sible that forms now gen­er­ally ac­know­ledged to be merely vari­et­ies may here­after be thought worthy of spe­cif­ic names; and in this case sci­entif­ic and com­mon lan­guage will come in­to ac­cord­ance. In short, we shall have to treat spe­cies in the same man­ner as those nat­ur­al­ists treat gen­era, who ad­mit that gen­era are merely ar­ti­fi­cial com­bin­a­tions made for con­veni­ence. This may not be a cheer­ing pro­spect; but we shall at least be freed from the vain search for the un­dis­covered and un­dis­cov­er­able es­sence of the term spe­cies.

			The oth­er and more gen­er­al de­part­ments of nat­ur­al his­tory will rise greatly in in­terest. The terms used by nat­ur­al­ists, of af­fin­ity, re­la­tion­ship, com­munity of type, pa­tern­ity, mor­pho­logy, ad­apt­ive char­ac­ters, rudi­ment­ary and abor­ted or­gans, etc., will cease to be meta­phor­ic­al and will have a plain sig­ni­fic­a­tion. When we no longer look at an or­gan­ic be­ing as a sav­age looks at a ship, as some­thing wholly bey­ond his com­pre­hen­sion; when we re­gard every pro­duc­tion of nature as one which has had a long his­tory; when we con­tem­plate every com­plex struc­ture and in­stinct as the sum­ming up of many con­triv­ances, each use­ful to the pos­sessor, in the same way as any great mech­an­ic­al in­ven­tion is the sum­ming up of the la­bour, the ex­per­i­ence, the reas­on, and even the blun­ders of nu­mer­ous work­men; when we thus view each or­gan­ic be­ing, how far more in­ter­est­ing—I speak from ex­per­i­ence—does the study of nat­ur­al his­tory be­come!

			A grand and al­most un­trod­den field of in­quiry will be opened, on the causes and laws of vari­ation, on cor­rel­a­tion, on the ef­fects of use and dis­use, on the dir­ect ac­tion of ex­tern­al con­di­tions, and so forth. The study of do­mest­ic pro­duc­tions will rise im­mensely in value. A new vari­ety raised by man will be a far more im­port­ant and in­ter­est­ing sub­ject for study than one more spe­cies ad­ded to the in­finitude of already re­cor­ded spe­cies. Our clas­si­fic­a­tions will come to be, as far as they can be so made, gene­a­lo­gies; and will then truly give what may be called the plan of cre­ation. The rules for clas­si­fy­ing will no doubt be­come sim­pler when we have a def­in­ite ob­ject in view. We pos­sess no ped­i­gree or ar­mori­al bear­ings; and we have to dis­cov­er and trace the many di­ver­ging lines of des­cent in our nat­ur­al gene­a­lo­gies, by char­ac­ters of any kind which have long been in­her­ited. Rudi­ment­ary or­gans will speak in­fal­libly with re­spect to the nature of long-lost struc­tures. Spe­cies and groups of spe­cies which are called ab­er­rant, and which may fanci­fully be called liv­ing fossils, will aid us in form­ing a pic­ture of the an­cient forms of life. Em­bry­ology will of­ten re­veal to us the struc­ture, in some de­gree ob­scured, of the pro­to­types of each great class.

			When we can feel as­sured that all the in­di­vidu­als of the same spe­cies, and all the closely al­lied spe­cies of most gen­era, have, with­in a not very re­mote peri­od des­cen­ded from one par­ent, and have mi­grated from some one birth­place; and when we bet­ter know the many means of mi­gra­tion, then, by the light which geo­logy now throws, and will con­tin­ue to throw, on former changes of cli­mate and of the level of the land, we shall surely be en­abled to trace in an ad­mir­able man­ner the former mi­gra­tions of the in­hab­it­ants of the whole world. Even at present, by com­par­ing the dif­fer­ences between the in­hab­it­ants of the sea on the op­pos­ite sides of a con­tin­ent, and the nature of the vari­ous in­hab­it­ants of that con­tin­ent in re­la­tion to their ap­par­ent means of im­mig­ra­tion, some light can be thrown on an­cient geo­graphy.

			The noble sci­ence of geo­logy loses glory from the ex­treme im­per­fec­tion of the re­cord. The crust of the earth, with its em­bed­ded re­mains, must not be looked at as a well-filled mu­seum, but as a poor col­lec­tion made at haz­ard and at rare in­ter­vals. The ac­cu­mu­la­tion of each great fos­silifer­ous form­a­tion will be re­cog­nised as hav­ing de­pended on an un­usu­al oc­cur­rence of fa­vour­able cir­cum­stances, and the blank in­ter­vals between the suc­cess­ive stages as hav­ing been of vast dur­a­tion. But we shall be able to gauge with some se­cur­ity the dur­a­tion of these in­ter­vals by a com­par­is­on of the pre­ced­ing and suc­ceed­ing or­gan­ic forms. We must be cau­tious in at­tempt­ing to cor­rel­ate as strictly con­tem­por­an­eous two form­a­tions, which do not in­clude many identic­al spe­cies, by the gen­er­al suc­ces­sion of the forms of life. As spe­cies are pro­duced and ex­term­in­ated by slowly act­ing and still ex­ist­ing causes, and not by mi­ra­cu­lous acts of cre­ation; and as the most im­port­ant of all causes of or­gan­ic change is one which is al­most in­de­pend­ent of altered and per­haps sud­denly altered phys­ic­al con­di­tions, namely, the mu­tu­al re­la­tion of or­gan­ism to or­gan­ism—the im­prove­ment of one or­gan­ism en­tail­ing the im­prove­ment or the ex­term­in­a­tion of oth­ers; it fol­lows, that the amount of or­gan­ic change in the fossils of con­sec­ut­ive form­a­tions prob­ably serves as a fair meas­ure of the re­l­at­ive, though not ac­tu­al lapse of time. A num­ber of spe­cies, how­ever, keep­ing in a body might re­main for a long peri­od un­changed, whilst with­in the same peri­od, sev­er­al of these spe­cies, by mi­grat­ing in­to new coun­tries and com­ing in­to com­pet­i­tion with for­eign as­so­ci­ates, might be­come mod­i­fied; so that we must not over­rate the ac­cur­acy of or­gan­ic change as a meas­ure of time.

			In the fu­ture I see open fields for far more im­port­ant re­searches. Psy­cho­logy will be se­curely based on the found­a­tion already well laid by Mr. Her­bert Spen­cer, that of the ne­ces­sary ac­quire­ment of each men­tal power and ca­pa­city by grad­a­tion. Much light will be thrown on the ori­gin of man and his his­tory.

			Au­thors of the highest em­in­ence seem to be fully sat­is­fied with the view that each spe­cies has been in­de­pend­ently cre­ated. To my mind it ac­cords bet­ter with what we know of the laws im­pressed on mat­ter by the Cre­at­or, that the pro­duc­tion and ex­tinc­tion of the past and present in­hab­it­ants of the world should have been due to sec­ond­ary causes, like those de­term­in­ing the birth and death of the in­di­vidu­al. When I view all be­ings not as spe­cial cre­ations, but as the lin­eal des­cend­ants of some few be­ings which lived long be­fore the first bed of the Cam­bri­an sys­tem was de­pos­ited, they seem to me to be­come en­nobled. Judging from the past, we may safely in­fer that not one liv­ing spe­cies will trans­mit its un­altered like­ness to a dis­tinct fu­tur­ity. And of the spe­cies now liv­ing very few will trans­mit pro­geny of any kind to a far dis­tant fu­tur­ity; for the man­ner in which all or­gan­ic be­ings are grouped, shows that the great­er num­ber of spe­cies in each genus, and all the spe­cies in many gen­era, have left no des­cend­ants, but have be­come ut­terly ex­tinct. We can so far take a proph­et­ic glance in­to fu­tur­ity as to fore­tell that it will be the com­mon and widely spread spe­cies, be­long­ing to the lar­ger and dom­in­ant groups with­in each class, which will ul­ti­mately pre­vail and pro­cre­ate new and dom­in­ant spe­cies. As all the liv­ing forms of life are the lin­eal des­cend­ants of those which lived long be­fore the Cam­bri­an epoch, we may feel cer­tain that the or­din­ary suc­ces­sion by gen­er­a­tion has nev­er once been broken, and that no cata­clysm has des­ol­ated the whole world. Hence, we may look with some con­fid­ence to a se­cure fu­ture of great length. And as nat­ur­al se­lec­tion works solely by and for the good of each be­ing, all cor­por­eal and men­tal en­dow­ments will tend to pro­gress to­wards per­fec­tion.

			It is in­ter­est­ing to con­tem­plate a tangled bank, clothed with many plants of many kinds, with birds singing on the bushes, with vari­ous in­sects flit­ting about, and with worms crawl­ing through the damp earth, and to re­flect that these elab­or­ately con­struc­ted forms, so dif­fer­ent from each oth­er, and de­pend­ent upon each oth­er in so com­plex a man­ner, have all been pro­duced by laws act­ing around us. These laws, taken in the largest sense, be­ing Growth with re­pro­duc­tion; In­her­it­ance which is al­most im­plied by re­pro­duc­tion; Vari­ab­il­ity from the in­dir­ect and dir­ect ac­tion of the con­di­tions of life, and from use and dis­use; a Ra­tio of In­crease so high as to lead to a struggle for life, and as a con­sequence to Nat­ur­al Se­lec­tion, en­tail­ing di­ver­gence of char­ac­ter and the ex­tinc­tion of less im­proved forms. Thus, from the war of nature, from fam­ine and death, the most ex­al­ted ob­ject which we are cap­able of con­ceiv­ing, namely, the pro­duc­tion of the high­er an­im­als, dir­ectly fol­lows. There is grandeur in this view of life, with its sev­er­al powers, hav­ing been ori­gin­ally breathed by the Cre­at­or in­to a few forms or in­to one; and that, whilst this plan­et has gone circ­ling on ac­cord­ing to the fixed law of grav­ity, from so simple a be­gin­ning end­less forms most beau­ti­ful and most won­der­ful have been, and are be­ing evolved.

		
	
		
			Glossary of the Principal Scientific Terms Used in the Present Volume

			(I am in­debted to the kind­ness of Mr. W. S. Dal­las for this Gloss­ary, which has been giv­en be­cause sev­er­al read­ers have com­plained to me that some of the terms used were un­in­tel­li­gible to them. Mr. Dal­las has en­deav­oured to give the ex­plan­a­tions of the terms in as pop­u­lar a form as pos­sible.)

			
					
					Ab­er­rant
				

					
					Forms or groups of an­im­als or plants which de­vi­ate in im­port­ant char­ac­ters from their nearest al­lies, so as not to be eas­ily in­cluded in the same group with them, are said to be ab­er­rant.

				

					
					Ab­er­ra­tion (in Op­tics)
				

					
					In the re­frac­tion of light by a con­vex lens the rays passing through dif­fer­ent parts of the lens are brought to a fo­cus at slightly dif­fer­ent dis­tance: this is called Spher­ic­al Ab­er­ra­tion; at the same time the col­oured rays are sep­ar­ated by the pris­mat­ic ac­tion of the lens and like­wise brought to a fo­cus at dif­fer­ent dis­tance: this is Chro­mat­ic Ab­er­ra­tion.

				

					
					Ab­nor­mal
				

					
					Con­trary to the gen­er­al rule.

				

					
					Abor­ted
				

					
					An or­gan is said to be abor­ted, when its de­vel­op­ment has been ar­res­ted at a very early stage.

				

					
					Al­bin­ism
				

					
					Al­bi­nos are an­im­als in which the usu­al col­our­ing mat­ters char­ac­ter­ist­ic of the spe­cies have not been pro­duced in the skin and its ap­pend­ages. Al­bin­ism is the state of be­ing an al­bino.

				

					
					Al­gae
				

					
					A class of plants in­clud­ing the or­din­ary sea­weeds and the fil­a­ment­ous fresh­wa­ter weeds.

				

					
					Al­tern­a­tion of Gen­er­a­tions
				

					
					This term is ap­plied to a pe­cu­li­ar mode of re­pro­duc­tion which pre­vails among many of the lower an­im­als, in which the egg pro­duces a liv­ing form quite dif­fer­ent from its par­ent, but from which the par­ent-form is re­pro­duced by a pro­cess of bud­ding, or by the di­vi­sion of the sub­stance of the first product of the egg.

				

					
					Am­mon­ites
				

					
					A group of fossil, spir­al, chambered shells, al­lied to the ex­ist­ing pearly Nautilus, but hav­ing the par­ti­tions between the cham­bers waved in com­plic­ated pat­terns at their junc­tion with the out­er wall of the shell.

				

					
					Ana­logy
				

					
					That re­semb­lance of struc­tures which de­pends upon sim­il­ar­ity of func­tion, as in the wings of in­sects and birds. Such struc­tures are said to be Ana­log­ous, and to be Ana­logues of each oth­er.

				

					
					An­im­al­cule
				

					
					A minute an­im­al: gen­er­ally ap­plied to those vis­ible only by the mi­cro­scope.

				

					
					An­nelids
				

					
					A class of worms in which the sur­face of the body ex­hib­its a more or less dis­tinct di­vi­sion in­to rings or seg­ments, gen­er­ally provided with ap­pend­ages for lo­co­motion and with gills. It in­cludes the or­din­ary mar­ine worms, the earth­worms, and the leeches.

				

					
					An­ten­nae
				

					
					Join­ted or­gans ap­pen­ded to the head in In­sects, Crus­ta­cea and Centi­pedes, and not be­long­ing to the mouth.

				

					
					An­thers
				

					
					The sum­mits of the sta­mens of flowers, in which the pol­len or fer­til­ising dust is pro­duced.

				

					
					Apla­centalia
				

					
					Apla­centata
				

					
					Apla­cental Mam­mals
				

					
					See Mam­malia.

				

					
					Ar­chetyp­al
				

					
					Of or be­long­ing to the Ar­che­type, or ideal prim­it­ive form upon which all the be­ings of a group seem to be or­gan­ised.

				

					
					Ar­tic­u­lata
				

					
					A great di­vi­sion of the An­im­al King­dom char­ac­ter­ised gen­er­ally by hav­ing the sur­face of the body di­vided in­to rings called seg­ments, a great­er or less num­ber of which are fur­nished with join­ted legs (such as In­sects, Crus­ta­ceans and Centi­pedes).

				

					
					Asym­met­ric­al
				

					
					Hav­ing the two sides un­like.

				

					
					At­rophied
				

					
					Ar­res­ted in de­vel­op­ment at a very early stage.

				

					
					Bal­anus
				

					
					The genus in­clud­ing the com­mon Acorn-shells which live in abund­ance on the rocks of the sea­coast.

				

					
					Bat­ra­chi­ans
				

					
					A class of an­im­als al­lied to the Rep­tiles, but un­der­go­ing a pe­cu­li­ar meta­morph­os­is, in which the young an­im­al is gen­er­ally aquat­ic and breathes by gills. (Ex­amples, Frogs, Toads, and Newts.)

				

					
					Boulders
				

					
					Large trans­por­ted blocks of stone gen­er­ally em­bed­ded in clays or gravels.

				

					
					Bra­chi­o­poda
				

					
					A class of mar­ine Mol­lusca, or soft-bod­ied an­im­als, fur­nished with a bi­valve shell, at­tached to sub­mar­ine ob­jects by a stalk which passes through an aper­ture in one of the valves, and fur­nished with fringed arms, by the ac­tion of which food is car­ried to the mouth.

				

					
					Bran­chi­ae
				

					
					Gills or or­gans for res­pir­a­tion in wa­ter.

				

					
					Bran­chi­al
				

					
					Per­tain­ing to gills or bran­chi­ae.

				

					
					Cam­bri­an Sys­tem
				

					
					A series of very an­cient Pa­laeo­zo­ic rocks, between the Lauren­tian and the Siluri­an. Un­til re­cently these were re­garded as the old­est fos­silifer­ous rocks.

				

					
					Can­id­ae
				

					
					The Dog-fam­ily, in­clud­ing the Dog, Wolf, Fox, Jack­al, etc.

				

					
					Car­a­pace
				

					
					The shell en­vel­op­ing the an­teri­or part of the body in Crus­ta­ceans gen­er­ally; ap­plied also to the hard shelly pieces of the Cir­ri­pedes.

				

					
					Car­bon­ifer­ous
				

					
					This term is ap­plied to the great form­a­tion which in­cludes, among oth­er rocks, the coal-meas­ures. It be­longs to the old­est, or Pa­laeo­zo­ic, sys­tem of form­a­tions.

				

					
					Caud­al
				

					
					Of or be­long­ing to the tail.

				

					
					Ceph­alo­pods
				

					
					The highest class of the Mol­lusca, or soft-bod­ied an­im­als, char­ac­ter­ised by hav­ing the mouth sur­roun­ded by a great­er or less num­ber of fleshy arms or tentacles, which, in most liv­ing spe­cies, are fur­nished with suck­ing-cups. (Ex­amples, Cut­tle­fish, Nautilus.)

				

					
					Ceta­cea
				

					
					An or­der of Mam­malia, in­clud­ing the Whales, Dol­phins, etc., hav­ing the form of the body fish-like, the skin na­ked, and only the fore limbs de­veloped.

				

					
					Che­lo­nia
				

					
					An or­der of Rep­tiles in­clud­ing the Turtles, Tor­toises, etc.

				

					
					Cir­ri­pedes
				

					
					An or­der of Crus­ta­ceans in­clud­ing the Barnacles and Acorn-shells. Their young re­semble those of many oth­er Crus­ta­ceans in form; but when ma­ture they are al­ways at­tached to oth­er ob­jects, either dir­ectly or by means of a stalk, and their bod­ies are en­closed by a cal­careous shell com­posed of sev­er­al pieces, two of which can open to give is­sue to a bunch of curled, join­ted tentacles, which rep­res­ent the limbs.

				

					
					Coc­cus
				

					
					The genus of In­sects in­clud­ing the Coch­ineal. In these the male is a minute, winged fly, and the fe­male gen­er­ally a mo­tion­less, berry­like mass.

				

					
					Co­coon
				

					
					A case usu­ally of silky ma­ter­i­al, in which in­sects are fre­quently en­vel­oped dur­ing the second or rest­ing-stage (pupa) of their ex­ist­ence. The term “co­coon-stage” is here used as equi­val­ent to “pupa-stage.”

				

					
					Coelosperm­ous
				

					
					A term ap­plied to those fruits of the Um­bel­lifer­ae which have the seed hol­lowed on the in­ner face.

				

					
					Co­le­optera
				

					
					Beetles, an or­der of In­sects, hav­ing a bit­ing mouth and the first pair of wings more or less horny, form­ing sheaths for the second pair, and usu­ally meet­ing in a straight line down the middle of the back.

				

					
					Column
				

					
					A pe­cu­li­ar or­gan in the flowers of Orch­ids, in which the sta­mens, style and stigma (or the re­pro­duct­ive parts) are united.

				

					
					Com­pos­it­ae
				

					
					Com­pos­it­ous Plants
				

					
					Plants in which the in­flor­es­cence con­sists of nu­mer­ous small flowers (florets) brought to­geth­er in­to a dense head, the base of which is en­closed by a com­mon en­vel­ope. (Ex­amples, the Daisy, Dan­deli­on, etc.)

				

					
					Con­fer­vae
				

					
					The fil­a­ment­ous weeds of fresh wa­ter.

				

					
					Con­glom­er­ate
				

					
					A rock made up of frag­ments of rock or pebbles, ce­men­ted to­geth­er by some oth­er ma­ter­i­al.

				

					
					Co­rolla
				

					
					The second en­vel­ope of a flower usu­ally com­posed of col­oured, leaf-like or­gans (petals), which may be united by their edges either in the bas­al part or through­out.

				

					
					Cor­rel­a­tion
				

					
					The nor­mal co­in­cid­ence of one phe­nomen­on, char­ac­ter, etc., with an­oth­er.

				

					
					Corymb
				

					
					A bunch of flowers in which those spring­ing from the lower part of the flower stalks are sup­por­ted on long stalks so as to be nearly on a level with the up­per ones.

				

					
					Coty­le­dons
				

					
					The first or seed-leaves of plants.

				

					
					Crus­ta­ceans
				

					
					A class of ar­tic­u­lated an­im­als, hav­ing the skin of the body gen­er­ally more or less hardened by the de­pos­ition of cal­careous mat­ter, breath­ing by means of gills. (Ex­amples, Crab, Lob­ster, Shrimp, etc.)

				

					
					Curculio
				

					
					The old gen­er­ic term for the Beetles known as Weevils, char­ac­ter­ised by their four-join­ted feet, and by the head be­ing pro­duced in­to a sort of beak, upon the sides of which the an­ten­nae are in­ser­ted.

				

					
					Cu­taneous
				

					
					Of or be­long­ing to the skin.

				

					
					De­grad­a­tion
				

					
					The wear­ing down of land by the ac­tion of the sea or of met­eor­ic agen­cies.

				

					
					De­nud­a­tion
				

					
					The wear­ing away of the sur­face of the land by wa­ter.

				

					
					Devo­ni­an Sys­tem
				

					
					Devo­ni­an Form­a­tion
				

					
					A series of Pa­laeo­zo­ic rocks, in­clud­ing the Old Red Sand­stone.

				

					
					Di­coty­le­dons
				

					
					Di­coty­le­don­ous Plants
				

					
					A class of plants char­ac­ter­ised by hav­ing two seed-leaves, by the form­a­tion of new wood between the bark and the old wood (exo­gen­ous growth) and by the re­tic­u­la­tion of the veins of the leaves. The parts of the flowers are gen­er­ally in mul­tiples of five.

				

					
					Dif­fer­en­ti­ation
				

					
					The sep­ar­a­tion or dis­crim­in­a­tion of parts or or­gans which in sim­pler forms of life are more or less united.

				

					
					Di­morph­ic
				

					
					Hav­ing two dis­tinct forms: Di­morph­ism is the con­di­tion of the ap­pear­ance of the same spe­cies un­der two dis­sim­il­ar forms.

				

					
					Di­oecious
				

					
					Hav­ing the or­gans of the sexes upon dis­tinct in­di­vidu­als.

				

					
					Di­or­ite
				

					
					A pe­cu­li­ar form of Green­stone.

				

					
					Dorsal
				

					
					Of or be­long­ing to the back.

				

					
					Edentata
				

					
					A pe­cu­li­ar or­der of Quad­ru­peds, char­ac­ter­ised by the ab­sence of at least the middle in­cisor (front) teeth in both jaws. (Ex­amples, the Sloths and Ar­ma­dillos.)

				

					
					Elytra
				

					
					The hardened forew­ings of Beetles, serving as sheaths for the mem­bran­ous hind-wings, which con­sti­tute the true or­gans of flight.

				

					
					Em­bryo
				

					
					The young an­im­al un­der­go­ing de­vel­op­ment with­in the egg or womb.

				

					
					Em­bry­ology
				

					
					The study of the de­vel­op­ment of the em­bryo.

				

					
					En­dem­ic
				

					
					Pe­cu­li­ar to a giv­en loc­al­ity.

				

					
					En­to­m­ostraca
				

					
					A di­vi­sion of the class Crus­ta­cea, hav­ing all the seg­ments of the body usu­ally dis­tinct, gills at­tached to the feet or or­gans of the mouth, and the feet fringed with fine hairs. They are gen­er­ally of small size.

				

					
					Eo­cene
				

					
					The earli­est of the three di­vi­sions of the Ter­tiary epoch of geo­lo­gists. Rocks of this age con­tain a small pro­por­tion of shells identic­al with spe­cies now liv­ing.

				

					
					Eph­em­er­ous In­sects
				

					
					In­sects al­lied to the May­fly.

				

					
					Fauna
				

					
					The to­tal­ity of the an­im­als nat­ur­ally in­hab­it­ing a cer­tain coun­try or re­gion, or which have lived dur­ing a giv­en geo­lo­gic­al peri­od.

				

					
					Fe­l­id­ae
				

					
					The Cat-fam­ily.

				

					
					Fer­al
				

					
					Hav­ing be­come wild from a state of cul­tiv­a­tion or do­mest­ic­a­tion.

				

					
					Flora
				

					
					The to­tal­ity of the plants grow­ing nat­ur­ally in a coun­try, or dur­ing a giv­en geo­lo­gic­al peri­od.

				

					
					Florets
				

					
					Flowers im­per­fectly de­veloped in some re­spects, and col­lec­ted in­to a dense spike or head, as in the Grasses, the Dan­deli­on, etc.

				

					
					Foet­al
				

					
					Of or be­long­ing to the foetus, or em­bryo in course of de­vel­op­ment.

				

					
					Fo­raminifera
				

					
					A class of an­im­als of very low or­gan­isa­tion and gen­er­ally of small size, hav­ing a jelly­like body, from the sur­face of which del­ic­ate fil­a­ments can be giv­en off and re­trac­ted for the pre­hen­sion of ex­tern­al ob­jects, and hav­ing a cal­careous or sandy shell, usu­ally di­vided in­to cham­bers and per­for­ated with small aper­tures.

				

					
					Fos­silifer­ous
				

					
					Con­tain­ing fossils.

				

					
					Fos­sor­i­al
				

					
					Hav­ing a fac­ulty of dig­ging. The Fos­sor­i­al Hy­men­op­tera are a group of Wasp-like In­sects, which bur­row in sandy soil to make nests for their young.

				

					
					Fre­num
				

					
					(pl. Frena): A small band or fold of skin.

				

					
					Fungi
				

					
					(sing. Fungus): A class of cel­lu­lar plants, of which Mush­rooms, Toad­stools, and Moulds, are fa­mil­i­ar ex­amples.

				

					
					Furcula
				

					
					The forked bone formed by the uni­on of the col­lar­bones in many birds, such as the com­mon Fowl.

				

					
					Gal­lin­aceous Birds
				

					
					An or­der of birds of which the com­mon Fowl, Tur­key, and Pheas­ant, are well-known ex­amples.

				

					
					Gal­lus
				

					
					The genus of birds which in­cludes the com­mon Fowl.

				

					
					Gan­gli­on
				

					
					A swell­ing or knot from which nerves are giv­en off as from a centre.

				

					
					Ganoid Fishes
				

					
					Fishes covered with pe­cu­li­ar enamelled bony scales. Most of them are ex­tinct.

				

					
					Ger­min­al Ves­icle
				

					
					A minute ves­icle in the eggs of an­im­als, from which the de­vel­op­ment of the em­bryo pro­ceeds.

				

					
					Gla­cial Peri­od
				

					
					A peri­od of great cold and of enorm­ous ex­ten­sion of ice upon the sur­face of the earth. It is be­lieved that gla­cial peri­ods have oc­curred re­peatedly dur­ing the geo­lo­gic­al his­tory of the earth, but the term is gen­er­ally ap­plied to the close of the Ter­tiary epoch, when nearly the whole of Europe was sub­jec­ted to an arc­tic cli­mate.

				

					
					Gland
				

					
					An or­gan which secretes or sep­ar­ates some pe­cu­li­ar product from the blood or sap of an­im­als or plants.

				

					
					Glot­tis
				

					
					The open­ing of the wind­pipe in­to the oe­so­phag­us or gul­let.

				

					
					Gneiss
				

					
					A rock ap­proach­ing gran­ite in com­pos­i­tion, but more or less lam­in­ated, and really pro­duced by the al­ter­a­tion of a sed­i­ment­ary de­pos­it after its con­sol­id­a­tion.

				

					
					Gral­latores
				

					
					The so-called wad­ing-birds (storks, cranes, snipes, etc.), which are gen­er­ally fur­nished with long legs, bare of feath­ers above the heel, and have no mem­branes between the toes.

				

					
					Gran­ite
				

					
					A rock con­sist­ing es­sen­tially of crys­tals of felspar and mica in a mass of quartz.

				

					
					Hab­it­at
				

					
					The loc­al­ity in which a plant or an­im­al nat­ur­ally lives.

				

					
					Hemi­ptera
				

					
					An or­der or sub­or­der of in­sects, char­ac­ter­ised by the pos­ses­sion of a join­ted beak or rostrum, and by hav­ing the forew­ings horny in the bas­al por­tion and mem­bran­ous at the ex­tremity, where they cross each oth­er. This group in­cludes the vari­ous spe­cies of bugs.

				

					
					Herm­aph­rod­ite
				

					
					Pos­sess­ing the or­gans of both sexes.

				

					
					Ho­mo­logy
				

					
					That re­la­tion between parts which res­ults from their de­vel­op­ment from cor­res­pond­ing em­bryon­ic parts, either in dif­fer­ent an­im­als, as in the case of the arm of man, the fore­leg of a quad­ruped, and the wing of a bird; or in the same in­di­vidu­al, as in the case of the fore and hind legs in quad­ru­peds, and the seg­ments or rings and their ap­pend­ages of which the body of a worm, a centi­pede, etc., is com­posed. The lat­ter is called seri­al ho­mo­logy. The parts which stand in such a re­la­tion to each oth­er are said to be ho­mo­log­ous, and one such part or or­gan is called the homo­logue of the oth­er. In dif­fer­ent plants the parts of the flower are ho­mo­log­ous, and in gen­er­al these parts are re­garded as ho­mo­log­ous with leaves.

				

					
					Ho­moptera
				

					
					An or­der or sub­or­der of in­sects hav­ing (like the Hemi­ptera) a join­ted beak, but in which the forew­ings are either wholly mem­bran­ous or wholly leath­ery. The Ci­cadae, frog­hop­pers, and Aph­ides, are well-known ex­amples.

				

					
					Hy­brid
				

					
					The off­spring of the uni­on of two dis­tinct spe­cies.

				

					
					Hy­men­op­tera
				

					
					An or­der of in­sects pos­sess­ing bit­ing jaws and usu­ally four mem­bran­ous wings in which there are a few veins. Bees and wasps are fa­mil­i­ar ex­amples of this group.

				

					
					Hy­per­trophied
				

					
					Ex­cess­ively de­veloped.

				

					
					Ich­neu­monid­ae
				

					
					A fam­ily of hy­men­op­ter­ous in­sects, the mem­bers of which lay their eggs in the bod­ies or eggs of oth­er in­sects.

				

					
					Imago
				

					
					The per­fect (gen­er­ally winged) re­pro­duct­ive state of an in­sect.

				

					
					In­di­genes
				

					
					The ab­ori­gin­al an­im­al or ve­get­able in­hab­it­ants of a coun­try or re­gion.

				

					
					In­flor­es­cence
				

					
					The mode of ar­range­ment of the flowers of plants.

				

					
					In­fus­or­ia
				

					
					A class of mi­cro­scop­ic an­im­al­cules, so called from their hav­ing ori­gin­ally been ob­served in in­fu­sions of ve­get­able mat­ters. They con­sist of a gelat­in­ous ma­ter­i­al en­closed in a del­ic­ate mem­brane, the whole or part of which is fur­nished with short vi­brat­ing hairs (called cil­ia), by means of which the an­im­al­cules swim through the wa­ter or con­vey the minute particles of their food to the ori­fice of the mouth.

				

					
					In­sect­i­vor­ous
				

					
					Feed­ing on in­sects.

				

					
					In­ver­teb­rata
				

					
					In­ver­teb­rate An­im­als
				

					
					Those an­im­als which do not pos­sess a back­bone or spin­al column.

				

					
					La­cunae
				

					
					Spaces left among the tis­sues in some of the lower an­im­als and serving in place of ves­sels for the cir­cu­la­tion of the flu­ids of the body.

				

					
					Lamel­lated
				

					
					Fur­nished with lamel­lae or little plates.

				

					
					Larva
				

					
					(pl. Lar­vae): The first con­di­tion of an in­sect at its is­su­ing from the egg, when it is usu­ally in the form of a grub, cater­pil­lar, or mag­got.

				

					
					Larynx
				

					
					The up­per part of the wind­pipe open­ing in­to the gul­let.

				

					
					Lauren­tian
				

					
					A group of greatly altered and very an­cient rocks, which is greatly de­veloped along the course of the St. Laurence, whence the name. It is in these that the earli­est known traces of or­gan­ic bod­ies have been found.

				

					
					Legumino­sae
				

					
					An or­der of plants rep­res­en­ted by the com­mon peas and beans, hav­ing an ir­reg­u­lar flower in which one pet­al stands up like a wing, and the sta­mens and pis­til are en­closed in a sheath formed by two oth­er petals. The fruit is a pod (or legume).

				

					
					Lemur­id­ae
				

					
					A group of four-handed an­im­als, dis­tinct from the mon­keys and ap­proach­ing the in­sect­i­vor­ous quad­ru­peds in some of their char­ac­ters and habits. Its mem­bers have the nos­trils curved or twis­ted, and a claw in­stead of a nail upon the first fin­ger of the hind hands.

				

					
					Lepid­op­tera
				

					
					An or­der of in­sects, char­ac­ter­ised by the pos­ses­sion of a spir­al pro­bos­cis, and of four large more or less scaly wings. It in­cludes the well-known but­ter­flies and moths.

				

					
					Lit­tor­al
				

					
					In­hab­it­ing the sea­shore.

				

					
					Loess
				

					
					A marly de­pos­it of re­cent (Post-Ter­tiary) date, which oc­cu­pies a great part of the val­ley of the Rhine.

				

					
					Malacostraca
				

					
					The high­er di­vi­sion of the Crus­ta­cea, in­clud­ing the or­din­ary crabs, lob­sters, shrimps, etc., to­geth­er with the wood­lice and sand-hop­pers.

				

					
					Mam­malia
				

					
					The highest class of an­im­als, in­clud­ing the or­din­ary hairy quad­ru­peds, the whales and man, and char­ac­ter­ised by the pro­duc­tion of liv­ing young which are nour­ished after birth by milk from the teats (Mam­mae, Mam­mary Glands) of the moth­er. A strik­ing dif­fer­ence in em­bryon­ic de­vel­op­ment has led to the di­vi­sion of this class in­to two great groups; in one of these, when the em­bryo has at­tained a cer­tain stage, a vas­cu­lar con­nec­tion, called the Pla­centa, is formed between the em­bryo and the moth­er; in the oth­er this is want­ing, and the young are pro­duced in a very in­com­plete state. The former, in­clud­ing the great­er part of the class, are called Pla­cental Mam­mals; the lat­ter, or Apla­cental Mam­mals, in­clude the Mar­supi­als and Mono­tremes (Or­ni­tho­rhynchus).

				

					
					Mam­mi­fer­ous
				

					
					Hav­ing mam­mae or teats (see Mam­malia).

				

					
					Mand­ibles
				

					
					In in­sects, the first or up­per­most pair of jaws, which are gen­er­ally sol­id, horny, bit­ing or­gans. In birds the term is ap­plied to both jaws with their horny cov­er­ings. In quad­ru­peds the mand­ible is prop­erly the lower jaw.

				

					
					Mar­supi­als
				

					
					An or­der of Mam­malia in which the young are born in a very in­com­plete state of de­vel­op­ment, and car­ried by the moth­er, while suck­ing, in a vent­ral pouch (mar­supi­um), such as the kangaroos, opos­sums, etc. (see Mam­malia).

				

					
					Max­il­lae
				

					
					In in­sects, the second or lower pair of jaws, which are com­posed of sev­er­al joints and fur­nished with pe­cu­li­ar join­ted ap­pend­ages called palpi, or feel­ers.

				

					
					Melan­ism
				

					
					The op­pos­ite of al­bin­ism; an un­due de­vel­op­ment of col­our­ing ma­ter­i­al in the skin and its ap­pend­ages.

				

					
					Meta­morph­ic Rocks
				

					
					Sed­i­ment­ary rocks which have un­der­gone al­ter­a­tion, gen­er­ally by the ac­tion of heat, sub­sequently to their de­pos­ition and con­sol­id­a­tion.

				

					
					Mol­lusca
				

					
					One of the great di­vi­sions of the an­im­al king­dom, in­clud­ing those an­im­als which have a soft body, usu­ally fur­nished with a shell, and in which the nervous ganglia, or centres, present no def­in­ite gen­er­al ar­range­ment. They are gen­er­ally known un­der the de­nom­in­a­tion of “shell­fish;” the cut­tle­fish, and the com­mon snails, whelks, oysters, mus­sels, and cockles, may serve as ex­amples of them.

				

					
					Mono­coty­ledons
				

					
					Mono­coty­ledon­ous Plants
				

					
					Plants in which the seed sends up only a single seed-leaf (or coty­le­don); char­ac­ter­ised by the ab­sence of con­sec­ut­ive lay­ers of wood in the stem (en­do­gen­ous growth), by the veins of the leaves be­ing gen­er­ally straight, and by the parts of the flowers be­ing gen­er­ally in mul­tiples of three. (Ex­amples, grasses, lilies, orch­ids, palms, etc.)

				

					
					Mo­raines
				

					
					The ac­cu­mu­la­tions of frag­ments of rock brought down by gla­ciers.

				

					
					Mor­pho­logy
				

					
					The law of form or struc­ture in­de­pend­ent of func­tion.

				

					
					Mys­is
				

					
					-Stage: A stage in the de­vel­op­ment of cer­tain crus­ta­ceans (prawns), in which they closely re­semble the adults of a genus (Mys­is) be­long­ing to a slightly lower group.

				

					
					Nas­cent
				

					
					Com­men­cing de­vel­op­ment.

				

					
					Na­tatory
				

					
					Ad­ap­ted for the pur­pose of swim­ming.

				

					
					Naupli­us-Form
				

					
					The earli­est stage in the de­vel­op­ment of many Crus­ta­cea, es­pe­cially be­long­ing to the lower groups. In this stage the an­im­al has a short body, with in­dis­tinct in­dic­a­tions of a di­vi­sion in­to seg­ments, and three pairs of fringed limbs. This form of the com­mon fresh­wa­ter Cyc­lops was de­scribed as a dis­tinct genus un­der the name of Naupli­us.

				

					
					Neur­a­tion
				

					
					The ar­range­ment of the veins or nerv­ures in the wings of in­sects.

				

					
					Neu­ters
				

					
					Im­per­fectly de­veloped fe­males of cer­tain so­cial in­sects (such as ants and bees), which per­form all the la­bours of the com­munity. Hence, they are also called Work­ers.

				

					
					Nic­tit­at­ing Mem­brane
				

					
					A semitrans­par­ent mem­brane, which can be drawn across the eye in birds and rep­tiles, either to mod­er­ate the ef­fects of a strong light or to sweep particles of dust, etc., from the sur­face of the eye.

				

					
					Ocelli
				

					
					The simple eyes or stem­mata of in­sects, usu­ally situ­ated on the crown of the head between the great com­pound eyes.

				

					
					Oe­so­phag­us
				

					
					The gul­let.

				

					
					Oolit­ic
				

					
					A great series of sec­ond­ary rocks, so called from the tex­ture of some of its mem­bers, which ap­pear to be made up of a mass of small Egg-Like cal­careous bod­ies.

				

					
					Oper­cu­lum
				

					
					A cal­careous plate em­ployed by many Mol­lus­cae to close the aper­ture of their shell. The Oper­cu­lar Valves of Cir­ri­pedes are those which close the aper­ture of the shell.

				

					
					Or­bit
				

					
					The bony cav­ity for the re­cep­tion of the eye.

				

					
					Or­gan­ism
				

					
					An or­gan­ised be­ing, wheth­er plant or an­im­al.

				

					
					Or­tho­sperm­ous
				

					
					A term ap­plied to those fruits of the Um­bel­lifer­ae which have the seed straight.

				

					
					Os­cu­lant
				

					
					Forms or groups ap­par­ently in­ter­me­di­ate between and con­nect­ing oth­er groups are said to be os­cu­lant.

				

					
					Ova
				

					
					Eggs.

				

					
					Ovari­um
				

					
					Ovary
				

					
					(in plants): The lower part of the pis­til or fe­male or­gan of the flower, con­tain­ing the ovules or in­cip­i­ent seeds; by growth after the oth­er or­gans of the flower have fallen, it usu­ally be­comes con­ver­ted in­to the fruit.

				

					
					Ovi­ger­ous
				

					
					Egg-bear­ing.

				

					
					Ovules
				

					
					(of plants): The seeds in the earli­est con­di­tion.

				

					
					Pa­chy­derms
				

					
					A group of Mam­malia, so called from their thick skins, and in­clud­ing the ele­phant, rhino­cer­os, hip­po­pot­amus, etc.

				

					
					Pa­laeo­zo­ic
				

					
					The old­est sys­tem of fos­silifer­ous rocks.

				

					
					Palpi
				

					
					Join­ted ap­pend­ages to some of the or­gans of the mouth in in­sects and Crus­ta­cea.

				

					
					Papilion­aceae
				

					
					An or­der of plants (see Legumino­sae). The flowers of these plants are called Papilion­aceous, or but­ter­fly-like, from the fan­cied re­semb­lance of the ex­pan­ded su­per­i­or petals to the wings of a but­ter­fly.

				

					
					Para­site
				

					
					An an­im­al or plant liv­ing upon or in, and at the ex­pense of, an­oth­er or­gan­ism.

				

					
					Partheno­gen­es­is
				

					
					The pro­duc­tion of liv­ing or­gan­isms from un­im­preg­nated eggs or seeds.

				

					
					Ped­uncu­lated
				

					
					Sup­por­ted upon a stem or stalk. The ped­uncu­lated oak has its acorns borne upon a foot­stool.

				

					
					Pelor­ia
				

					
					Pelor­ism
				

					
					The ap­pear­ance of reg­u­lar­ity of struc­ture in the flowers of plants which nor­mally bear ir­reg­u­lar flowers.

				

					
					Pel­vis
				

					
					The bony arch to which the hind limbs of ver­teb­rate an­im­als are ar­tic­u­lated.

				

					
					Petals
				

					
					The leaves of the co­rolla, or second circle of or­gans in a flower. They are usu­ally of del­ic­ate tex­ture and brightly col­oured.

				

					
					Phyl­lodin­eous
				

					
					Hav­ing flattened, leaf-like twigs or leaf­stalks in­stead of true leaves.

				

					
					Pig­ment
				

					
					The col­our­ing ma­ter­i­al pro­duced gen­er­ally in the su­per­fi­cial parts of an­im­als. The cells se­cret­ing it are called Pig­ment-Cells.

				

					
					Pin­nate
				

					
					Bear­ing leaf­lets on each side of a cent­ral stalk.

				

					
					Pis­tils
				

					
					The fe­male or­gans of a flower, which oc­cupy a po­s­i­tion in the centre of the oth­er flor­al or­gans. The pis­til is gen­er­ally di­vis­ible in­to the ovary or ger­men, the style and the stigma.

				

					
					Pla­centalia, Pla­centata
				

					
					Or Pla­cental Mam­mals. See Mam­malia.

				

					
					Plan­ti­grades
				

					
					Quad­ru­peds which walk upon the whole sole of the foot, like the bears.

				

					
					Plastic
				

					
					Read­ily cap­able of change.

				

					
					Pleis­to­cene Peri­od
				

					
					The latest por­tion of the Ter­tiary epoch.

				

					
					Plum­ule
				

					
					(in plants): The minute bud between the seed-leaves of newly-ger­min­ated plants.

				

					
					Pluton­ic Rocks
				

					
					Rocks sup­posed to have been pro­duced by ig­neous ac­tion in the depths of the earth.

				

					
					Pol­len
				

					
					The male ele­ment in flower­ing plants; usu­ally a fine dust pro­duced by the an­thers, which, by con­tact with the stigma ef­fects the fec­und­a­tion of the seeds. This im­preg­na­tion is brought about by means of tubes (Pol­len-Tubes) which is­sue from the pol­len-grains ad­her­ing to the stigma, and pen­et­rate through the tis­sues un­til they reach the ovary.

				

					
					Poly­androus
				

					
					(flowers): Flowers hav­ing many sta­mens.

				

					
					Poly­gam­ous Plants
				

					
					Plants in which some flowers are uni­sexu­al and oth­ers herm­aph­rod­ite. The uni­sexu­al (male and fe­male) flowers, may be on the same or on dif­fer­ent plants.

				

					
					Poly­morph­ic
				

					
					Present­ing many forms.

				

					
					Poly­zoary
				

					
					The com­mon struc­ture formed by the cells of the Poly­zoa, such as the well-known seamats.

				

					
					Pre­hensile
				

					
					Cap­able of grasp­ing.

				

					
					Pre­po­tent
				

					
					Hav­ing a su­peri­or­ity of power.

				

					
					Primar­ies
				

					
					The feath­ers form­ing the tip of the wing of a bird, and in­ser­ted upon that part which rep­res­ents the hand of man.

				

					
					Pro­cesses
				

					
					Pro­ject­ing por­tions of bones, usu­ally for the at­tach­ment of muscles, lig­a­ments, etc.

				

					
					Pro­pol­is
				

					
					A res­in­ous ma­ter­i­al col­lec­ted by the hive­bees from the open­ing buds of vari­ous trees.

				

					
					Pro­tean
				

					
					Ex­ceed­ingly vari­able.

				

					
					Pro­to­zoa
				

					
					The low­est great di­vi­sion of the an­im­al king­dom. These an­im­als are com­posed of a gelat­in­ous ma­ter­i­al, and show scarcely any trace of dis­tinct or­gans. The In­fus­or­ia, Fo­raminifera, and sponges, with some oth­er forms, be­long to this di­vi­sion.

				

					
					Pupa
				

					
					(pl. Pupae): The second stage in the de­vel­op­ment of an in­sect, from which it emerges in the per­fect (winged) re­pro­duct­ive form. In most in­sects the Pupal Stage is passed in per­fect re­pose. The Chrysal­is is the pupal state of but­ter­flies.

				

					
					Rad­icle
				

					
					The minute root of an em­bryo plant.

				

					
					Ra­mus
				

					
					One half of the lower jaw in the Mam­malia. The por­tion which rises to ar­tic­u­late with the skull is called the As­cend­ing Ra­mus.

				

					
					Range
				

					
					The ex­tent of coun­try over which a plant or an­im­al is nat­ur­ally spread. Range in Time ex­presses the dis­tri­bu­tion of a spe­cies or group through the fos­silifer­ous beds of the earth’s crust.

				

					
					Ret­ina
				

					
					The del­ic­ate in­ner coat of the eye, formed by nervous fil­a­ments spread­ing from the op­tic nerve, and serving for the per­cep­tion of the im­pres­sions pro­duced by light.

				

					
					Ret­ro­gres­sion
				

					
					Back­ward de­vel­op­ment. When an an­im­al, as it ap­proaches ma­tur­ity, be­comes less per­fectly or­gan­ised than might be ex­pec­ted from its early stages and known re­la­tion­ships, it is said to un­der­go a Ret­ro­grade De­vel­op­ment or Meta­morph­os­is.

				

					
					Rhizo­pods
				

					
					A class of lowly or­gan­ised an­im­als (Pro­to­zoa), hav­ing a gelat­in­ous body, the sur­face of which can be pro­truded in the form of root-like pro­cesses or fil­a­ments, which serve for lo­co­motion and the pre­hen­sion of food. The most im­port­ant or­der is that of the Fo­raminifera.

				

					
					Ro­dents
				

					
					The gnaw­ing Mam­malia, such as the rats, rab­bits, and squir­rels. They are es­pe­cially char­ac­ter­ised by the pos­ses­sion of a single pair of chisel-like cut­ting teeth in each jaw, between which and the grind­ing teeth there is a great gap.

				

					
					Rubus
				

					
					The bramble genus.

				

					
					Rudi­ment­ary
				

					
					Very im­per­fectly de­veloped.

				

					
					Ru­min­ants
				

					
					The group of quad­ru­peds which ru­min­ate or chew the cud, such as ox­en, sheep, and deer. They have di­vided hoofs, and are des­ti­tute of front teeth in the up­per jaw.

				

					
					Sac­ral
				

					
					Be­long­ing to the sac­rum, or the bone com­posed usu­ally of two or more united ver­teb­rae to which the sides of the pel­vis in ver­teb­rate an­im­als are at­tached.

				

					
					Sar­code
				

					
					The gelat­in­ous ma­ter­i­al of which the bod­ies of the low­est an­im­als (Pro­to­zoa) are com­posed.

				

					
					Scu­tel­lae
				

					
					The horny plates with which the feet of birds are gen­er­ally more or less covered, es­pe­cially in front.

				

					
					Sed­i­ment­ary Form­a­tions
				

					
					Rocks de­pos­ited as sed­i­ments from wa­ter.

				

					
					Seg­ments
				

					
					The trans­verse rings of which the body of an ar­tic­u­late an­im­al or an­nelid is com­posed.

				

					
					Sepals
				

					
					The leaves or seg­ments of the ca­lyx, or out­er­most en­vel­ope of an or­din­ary flower. They are usu­ally green, but some­times brightly col­oured.

				

					
					Ser­rat­ures
				

					
					Teeth like those of a saw.

				

					
					Sessile
				

					
					Not sup­por­ted on a stem or foot­stalk.

				

					
					Siluri­an Sys­tem
				

					
					A very an­cient sys­tem of fos­silifer­ous rocks be­long­ing to the earli­er part of the Pa­laeo­zo­ic series.

				

					
					Spe­cial­isa­tion
				

					
					The set­ting apart of a par­tic­u­lar or­gan for the per­form­ance of a par­tic­u­lar func­tion.

				

					
					Spin­al Cord
				

					
					The cent­ral por­tion of the nervous sys­tem in the Ver­teb­rata, which des­cends from the brain through the arches of the ver­teb­rae, and gives off nearly all the nerves to the vari­ous or­gans of the body.

				

					
					Sta­mens
				

					
					The male or­gans of flower­ing plants, stand­ing in a circle with­in the petals. They usu­ally con­sist of a fil­a­ment and an an­ther, the an­ther be­ing the es­sen­tial part in which the pol­len, or fec­und­at­ing dust, is formed.

				

					
					Sternum
				

					
					The breast­bone.

				

					
					Stigma
				

					
					The ap­ic­al por­tion of the pis­til in flower­ing plants.

				

					
					Stip­ules
				

					
					Small leafy or­gans placed at the base of the foot­stalks of the leaves in many plants.

				

					
					Style
				

					
					The middle por­tion of the per­fect pis­til, which rises like a column from the ovary and sup­ports the stigma at its sum­mit.

				

					
					Sub­cu­taneous
				

					
					Situ­ated be­neath the skin.

				

					
					Suctori­al
				

					
					Ad­ap­ted for suck­ing.

				

					
					Su­tures
				

					
					(in the skull): The lines of junc­tion of the bones of which the skull is com­posed.

				

					
					Tarsus
				

					
					(pl. Tarsi): The join­ted feet of ar­tic­u­late an­im­als, such as in­sects.

				

					
					Tele­ostean Fishes
				

					
					Fishes of the kind fa­mil­i­ar to us in the present day, hav­ing the skel­et­on usu­ally com­pletely os­si­fied and the scales horny.

				

					
					Tentacula
				

					
					Tentacles
				

					
					Del­ic­ate fleshy or­gans of pre­hen­sion or touch pos­sessed by many of the lower an­im­als.

				

					
					Ter­tiary
				

					
					The latest geo­lo­gic­al epoch, im­me­di­ately pre­ced­ing the es­tab­lish­ment of the present or­der of things.

				

					
					Trachea
				

					
					The wind­pipe or pas­sage for the ad­mis­sion of air to the lungs.

				

					
					Tri­dac­tyle
				

					
					Three-fingered, or com­posed of three mov­able parts at­tached to a com­mon base.

				

					
					Trilob­ites
				

					
					A pe­cu­li­ar group of ex­tinct crus­ta­ceans, some­what re­sem­bling the wood­lice in ex­tern­al form, and, like some of them, cap­able of rolling them­selves up in­to a ball. Their re­mains are found only in the Pa­laeo­zo­ic rocks, and most abund­antly in those of Siluri­an age.

				

					
					Tri­morph­ic
				

					
					Present­ing three dis­tinct forms.

				

					
					Um­bel­lifer­ae
				

					
					An or­der of plants in which the flowers, which con­tain five sta­mens and a pis­til with two styles, are sup­por­ted upon foot­stalks which spring from the top of the flower stem and spread out like the wires of an um­brella, so as to bring all the flowers in the same head (Um­bel) nearly to the same level. (Ex­amples, pars­ley and car­rot.)

				

					
					Un­gu­lata
				

					
					Hoofed quad­ru­peds.

				

					
					Uni­cel­lu­lar
				

					
					Con­sist­ing of a single cell.

				

					
					Vas­cu­lar
				

					
					Con­tain­ing blood-ves­sels.

				

					
					Ver­mi­form
				

					
					Like a worm.

				

					
					Ver­teb­rata
				

					
					Ver­teb­rate An­im­als
				

					
					The highest di­vi­sion of the an­im­al king­dom, so called from the pres­ence in most cases of a back­bone com­posed of nu­mer­ous joints or Ver­teb­rae, which con­sti­tutes the centre of the skel­et­on and at the same time sup­ports and pro­tects the cent­ral parts of the nervous sys­tem.

				

					
					Whorls
				

					
					The circles or spir­al lines in which the parts of plants are ar­ranged upon the ax­is of growth.

				

					
					Work­ers
				

					
					See neu­ters.

				

					
					Zoea-Stage
				

					
					The earli­est stage in the de­vel­op­ment of many of the high­er Crus­ta­cea, so called from the name of Zoea ap­plied to these young an­im­als when they were sup­posed to con­sti­tute a pe­cu­li­ar genus.

				

					
					Zooids
				

					
					In many of the lower an­im­als (such as the Cor­als, Me­du­sae, etc.) re­pro­duc­tion takes place in two ways, namely, by means of eggs and by a pro­cess of bud­ding with or without sep­ar­a­tion from the par­ent of the product of the lat­ter, which is of­ten very dif­fer­ent from that of the egg. The in­di­vidu­al­ity of the spe­cies is rep­res­en­ted by the whole of the form pro­duced between two sexu­al re­pro­duc­tions; and these forms, which are ap­par­ently in­di­vidu­al an­im­als, have been called Zooide.
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						Dia­gram show­ing des­cent of vari­et­ies of spe­cies in a genus.
					

				

			

		
	
		
			Endnotes

			1. Ar­is­totle, in his Phys­icae Aus­culta­tiones (lib.2, cap.8, s.2), after re­mark­ing that rain does not fall in or­der to make the corn grow, any more than it falls to spoil the farm­er’s corn when threshed out of doors, ap­plies the same ar­gu­ment to or­gan­isa­tion; and adds (as trans­lated by Mr. Clair Grece, who first poin­ted out the pas­sage to me), “So what hinders the dif­fer­ent parts (of the body) from hav­ing this merely ac­ci­dent­al re­la­tion in nature? as the teeth, for ex­ample, grow by ne­ces­sity, the front ones sharp, ad­ap­ted for di­vid­ing, and the grinders flat, and ser­vice­able for mas­tic­at­ing the food; since they were not made for the sake of this, but it was the res­ult of ac­ci­dent. And in like man­ner as to oth­er parts in which there ap­pears to ex­ist an ad­apt­a­tion to an end. Whereso­ever, there­fore, all things to­geth­er (that is all the parts of one whole) happened like as if they were made for the sake of some­thing, these were pre­served, hav­ing been ap­pro­pri­ately con­sti­tuted by an in­tern­al spon­taneity; and what­so­ever things were not thus con­sti­tuted, per­ished and still per­ish.” We here see the prin­ciple of nat­ur­al se­lec­tion shad­owed forth, but how little Ar­is­totle fully com­pre­hen­ded the prin­ciple, is shown by his re­marks on the form­a­tion of the teeth.

			2. I have taken the date of the first pub­lic­a­tion of Lamar­ck from Isidore Geof­froy Saint-Hil­aire’s (Hist. Nat. Générale, tom. ii page 405, 1859) ex­cel­lent his­tory of opin­ion on this sub­ject. In this work a full ac­count is giv­en of Buffon’s con­clu­sions on the same sub­ject. It is curi­ous how largely my grand­fath­er, Dr. Erasmus Dar­win, an­ti­cip­ated the views and er­ro­neous grounds of opin­ion of Lamar­ck in his “Zo­onomia” (vol. i pages 500–510), pub­lished in 1794. Ac­cord­ing to Isid. Geof­froy there is no doubt that Goethe was an ex­treme par­tis­an of sim­il­ar views, as shown in the in­tro­duc­tion to a work writ­ten in 1794 and 1795, but not pub­lished till long af­ter­ward; he has poin­tedly re­marked (“Goethe als Naturforscher,” von Dr. Karl Med­ing, s. 34) that the fu­ture ques­tion for nat­ur­al­ists will be how, for in­stance, cattle got their horns and not for what they are used. It is rather a sin­gu­lar in­stance of the man­ner in which sim­il­ar views arise at about the same time, that Goethe in Ger­many, Dr. Dar­win in Eng­land, and Geof­froy Saint-Hil­aire (as we shall im­me­di­ately see) in France, came to the same con­clu­sion on the ori­gin of spe­cies, in the years 1794–5.

			3. From ref­er­ences in Bronn’s Un­ter­suchun­gen uber die En­twick­e­lungs-Ge­set­ze, it ap­pears that the cel­eb­rated bot­an­ist and pa­lae­on­to­lo­gist Un­ger pub­lished, in 1852, his be­lief that spe­cies un­der­go de­vel­op­ment and modi­fic­a­tion. Dalton, like­wise, in Pander and Dalton’s work on Fossil Sloths, ex­pressed, in 1821, a sim­il­ar be­lief. Sim­il­ar views have, as is well known, been main­tained by Oken in his mys­tic­al Natur-Philo­soph­ie. From oth­er ref­er­ences in Go­dron’s work Sur l’Es­pece, it seems that Bory St. Vin­cent, Bur­dach, Poiret and Fries, have all ad­mit­ted that new spe­cies are con­tinu­ally be­ing pro­duced. I may add, that of the thirty-four au­thors named in this His­tor­ic­al Sketch, who be­lieve in the modi­fic­a­tion of spe­cies, or at least dis­be­lieve in sep­ar­ate acts of cre­ation, twenty-sev­en have writ­ten on spe­cial branches of nat­ur­al his­tory or geo­logy.
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